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PREFACE 

In many countries, milk and milk products are indispensable compo- 
nents of the food supply chain. Individual consumers use liquid milk in 
beverages, families use milk for cooking, and the food manufacturing 
industry utilizes vast quantities of milk powder(s), concentrated milks, 
butter, and cream as raw materials for further processing. When fer- 
mented dairy products like cheese and yogurt are added to the list, it 
is easy to appreciate the importance of the dairy industry in less devel- 
oped and industrialized countries alike. 

Equally important is the fact that milk is an excellent source of 
nutrients for humans, and yet in a different context these same nutri- 
ents provide a most suitable medium for microbial growth and metab- 
olism. Many important pathogens like Salmonella spp. and Listeria 
monocytogenes will grow in liquid milk or high-moisture milk products; 
and even if these vegetative forms can be eliminated by pasteurization, 
the spore-forming Bacillus cereus may cause problems. It is not surpris- 
ing, therefore, that the microbiology of milk and milks products remains 
a priority interest for everyone associated with the dairy industry. 

The fact that John Wiley & Sons has agreed to publish this Third 
Edition of Dairy Microbiology reflects this concern because, since 
the Second Edition appeared some 10 years ago, the need for effec- 
tive quality assurance has, if anything, increased. Pathogenic strains 
of Escherichia coli are now a major concern, milk-borne strains of 
Mycobacterium avium sub-sp. paratuberculosis have been identified 
as a possible cause of Crohn’s disease, and even little-known parasites 
like Cryptosporidium have caused disease outbreaks. To combat this 
ever-expanding list of microbial hazards, microbiologists have been 
forced to devise new strategies to protect the consumer. Consequently, 
a hazard analysis of (selected) controlkritical control points (HACCP) 
in a food manufacturing process has become central to any program 
geared toward preventing the contamination of food, but verification 
by end-product testing still remains essential. In some situations, stan- 

xi 
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dard methods of microbiological analysis are widely used, but, in others, 
new techniques are available which allow a pathogen to be detected in 
a retail sample in a matter of hours rather than days. 

A critical evaluation of these changes and, in particular, of their 
impact on the diary industry is vital if the excellent safety record of 
milk and milk products is to be maintained, and it is to be hoped that 
this book will contribute to this aim. If it does, then the credit lies with 
the authors who have so generously given of their time and expertise 
because, in keeping with most editors, my interference with the manu- 
scripts has been minimal. This reluctance to modify an approach 
selected by a given author(s) of a chapter has led to minor degrees of 
repetition, but if a particular pathogen, for example, is important in 
a number of disparate products, then the relevant behavior of the 
pathogen may well merit additional emphasis. 

Finally, a word of appreciation for Janet Bailey, Michael Penn, and 
Danielle Lacourciere from John Wiley & Sons. Working with authors 
from across the world can never be easy, and their patience in handling 
this venture has been a major factor in ensuring its completion. 

Richard K. Robinson 
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CHAPTER 1 

MILK AND MILK PROCESSING 
HARJINDER SlNGH and RODNEY J. BENNETT 
Institute of Food, Nutrition and Human Health, Massey University, 
Palmerston North, New Zealand 

Milk is the secretion of the mammary gland of female mammals (over 
4000 species), and it is often the sole source of food for the very young 
mammal.The role of milk is to nourish and provide immunological pro- 
tection. The milks produced by cows, buffaloes, sheep, goats, and camels 
are used in various parts of the world for human consumption. For 
much of the world’s population, cow’s milk accounts for the large 
majority of the milk processed for human consumption. 

Milk is a complex biological fluid probably containing about 100,000 
different molecular species in several states of dispersion, but most 
have not been identified. However, most of the major components- 
proteins, lactose, fat, and minerals-can be separated and isolated from 
milk relatively easily. Consequently, the main milk components have 
been thoroughly studied and the principal characteristics of various 
constituents are well known. 

Milk in its natural state is a highly perishable material because it is 
susceptible to rapid spoilage by the action of naturally occurring 
enzymes and contaminating microorganisms. Many processes have 
been developed over the years-in particular, during the last century- 
for preserving milk for long periods and to enhance its utilization and 
safety. Milk is converted into a wide variety of milk products using a 
range of advanced processing technologies. These include the tradi- 
tional products, such as the variety of cheeses, yogurts, butters and 
spreads. ice cream, and dairy desserts, but also new dairy products con- 
taining reduced fat content and health-promoting components. Milk is 
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2 MILK AND MILK PROCESSING 

also an excellent material for producing multifunctional ingredients 
that can be used in many food products. 

This chapter provides an overview of the composition of milk and 
the properties and structures of the main milk components. Some 
general aspects of dairy processes and their applications in the manu- 
facture of dairy products are briefly described. The changes that occur 
in milk during various processing operations are discussed in some 
detail. These topics have been covered in greater depth in several text 
and reference books, mentioned throughout this chapter. 

1.1 MILK COMPOSITION 

The major component of milk is water; the remainder consists of 
fat, lactose, and protein (casein and whey proteins) (Table 1.1). Milk 
also contains smaller quantities of minerals, specific blood proteins, 
enzymes, and small intermediates of mammary synthesis. The structures 
and properties of these components profoundly influence the charac- 
teristics of milk and have important consequences for milk processing. 

The composition of milk varies with the dairy breeds. The most 
commonly found breeds-Friesian, Jersey, Guernsey, Ayrshire, Brown 
Swiss, and Holstein-have fairly similar lactose levels, but milk fat and 
protein vary considerably (Table 1.1). These differences are partly 
genetic in origin and partly the results of environmental and physio- 
logical factors. Within a herd of cows of a single breed, there are con- 
siderable variations in milk composition between individual cows. 
For example, the milk fat content in Jerseys can range from 4% to 7%, 
with an average of about 5.0%. 

The composition of milk changes considerably with the progress of 
lactation. The first secretion collected from the udder at the beginning 
of lactation, known as colostrum, has a high concentration of fat and 

TABLE 1.1. Typical Composition of Milks of Some 
Breeds of Cow (g/lOOg) 

Breed Protein 

Jersey 4.0 
Friesian 3.4 
Brown Swiss 3.5 
Guernsey 3.7 
Holstein 3.3 
Ayrshi re 3.5 

Fat 

5.2 
4.2 
4.0 
3.7 
3.5 
3.9 

Lactose Ash 

4.9 0.77 
4.7 0.75 
4.Y 0.74 
4.7 0.76 
4.7 0.72 
4.6 0.72 
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protein, particularly immunoglobulins, and a low content of lactose. The 
composition of the secretion gradually changes to that of mature milk 
within 2-4 weeks. 

The percentage of lactose and protein in milks from the same cow 
varies very little from one milking to another. However, milk fat 
content is much more variable; the more frequent the milking, the 
greater is the variation. Generally, during milking, the fat content 
increases. Morning milk is usually richer in fat than evening milk. 

The kind and the quantity of feed affect milk composition, especially 
fat content and fat composition. Other factors, such as mastitis, extreme 
weather conditions, stress, and exhaustion, can also exert an influence 
on milk composition. 

The percentages of the main constituents of milk vary to a consid- 
erable extent among different species. The milks of the sheep and the 
buffalo have much higher fat and casein contents than those of the 
other species. The most obvious characteristic of human milk, com- 
pared with other milks, is its low casein and ash contents. 

1.2 MILK COMPONENTS 

1.2.1 Lipids 

The major lipid component of cow’s milk is triglyceride, which makes 
up about 98% of milk fat.The other 2% of milk lipids consists of diglyc- 
erides, monoglycerides, cholesterol, phospholipids, free fatty acids, cere- 
brosides, and gangliosides. The lipid composition of bovine milk is given 
in Table 1.2 (see Christie, 1995 for more details). 

Only 13 fatty acids are present in milk at reasonable concentrations 
(Table 1.3), and these can be arranged in many different ways to give 

TABLE 1.2. Lipid Composition of Bovine Milk 

Lipid Percentage in Milk Fat (w/w) 

Triacylglycerols (triglycerides) 
1,2-Diacylglycerols (diglycerides) 
Monoacylglycerols (monoglycerides) 
Free fatty acids 
Phospholipids 
Cholesterol 
Cholesterol ester 
Cerebrosides 
Gangliosides 

98.3 
0.30 
0.03 
0.10 
0.80 
0.30 
0.02 
0.10 
0.01 



4 MILK AND MILK PROCESSING 

TABLE 1.3. Major Fatty Acid Constituents of Bovine Milk Fat 
~ ~~~ 

Fatty Acid Weight Percent Fatty Acid Weight Percent 

4:o 
6:O 
8:0 

1Q:O 
12:o 
14:O 

3.8 
2.4 
1.4 
3.5 
4.6 

12.8 

15:O 
16:O 
18:O 
14: 1 
16: 1 
18: 1 
18:2 

1.1 
43.7 
11.3 

1.6 
2.6 

11.3 
1.5 

hundreds of different triglycerides, although the distribution of fatty 
acids on the triglyceride chain is not random. Because various triglyc- 
erides have different melting points, milk fat has a large melting point 
range. Milk fat has a relatively high content of short-chain saturated 
fatty acids, such as butyric (C,) and capric (C,,) acids (Table 1.3).These 
fatty acids are important to the flavor of milk products and in off- 
flavors that may develop in milk.The distribution of fatty acids between 
various positions of the glycerol moiety of triglycerides varies with the 
fatty acids. In general, the longer-chain fatty acids (C160 and CI8,,) are 
found in position sn-1, whereas the shorter-chain fatty acids (Cq0, Cbo) 
and unsaturated fatty acids are mostly present in position sn-3. 

In milk, nearly all of the fat (>%YO) exists in the form of globules 
ranging in size from 0.1 to 15pm in diameter. Approximately 90% of 
the fat is in globules with diameters of 1.0-6.0pm. There are a large 
number of small fat globules (4.0prn) present in milk, but these 
contain only 2-3% of the total fat. Each globule is surrounded by a thin 
membrane, 8-10nm in thickness, usually called a milk fat globule mem- 
brane (MFGM). Its composition and properties are completely differ- 
ent from those of either milk fat or plasma. MFGM is derived from 
the apical cell membrane of Golgi vacuoles and other materials of the 
lactating cell, although there may be some rearrangement of the 
membrane after release into the lumen, as amphiphilic substances from 
the plasma adsorb onto the fat globule and parts of the membrane 
dissolve into either the globule core or the serum. The membrane acts 
as a natural emulsifying agent, enabling the fat to remain dispersed 
throughout the aqueous phase of milk, preventing to some extent 
flocculation and coalescence. 

The total mass of fat globules that is accounted for by membrane 
material has not been determined with certainty. An estimated mass of 
the membrane is 2-6% of that of the total fat globules. Proteins and 
phospholipids together account for over 90% of the membrane dry 
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weight, but the relative proportions of lipids and proteins may vary 
widely. The lipid component of the MFGM is composed of -62% 
high-melting triacylglycerols, -22% phospholipids, -9% diacylglyc- 
erols, -7% free fatty acids, and small quantities of unsaponifiable lipids 
and monoacylglycerols. 

Protein accounts for 2S-60Y0 of the mass of the membrane mater- 
ial, depending upon the isolation method chosen. Most of the proteins 
of the membrane are highly specific, and their composition and struc- 
tures are not well known. There are at least 10 different protein species 
with molecular weights ranging from SO to 155 kDa. They are predom- 
inantly glycoproteins, among which are sialoglycoproteins. In general, 
membrane glycoproteins have, besides highly glycosylated regions, 
strongly hydrophobic regions, which are needed for binding to the 
lipids of the membrane. Butyrophilin, with an estimated molecular 
weight of 64-66 kDa, is the major glycoprotein in MFGM, accounting 
for about 40% of the mass of membrane proteins. Xanthine oxidase, 
with a molecular weight of 155 kDa, accounts for 20% of the membrane 
proteins. The MFGM contains at least 2.5 different enzymes, more 
than half of which are members of the hydrolase class followed by 
oxidoreductases and transferases. The most abundant enzymes are 
alkaline phosphatase and xanthine oxidase (Kennan and Dylewski, 
1994). 

1.2.2 Proteins 

Normal bovine milk contains about 3.5% protein, which can be frac- 
tionated into two main groups. On acidification of milk to pH 4.6 at 
20°C, about 80% of the total protein precipitates out of solution; these 
proteins are called casein. The proteins that remain soluble under these 
conditions are referred to as whey proteins or serum proteins. Both the 
casein and whey protein groups are heterogeneous. The concentrations 
of different proteins in milk are shown in Table 1.4. 

7.2.2.7 Caseins and Casein Micelles. Several reviews and mono- 
graphs on the structures and properties of caseins and casein micelles 
have been published (e.g., Walstra, 1990; Holt, 1992; Rollema, 1992; 
Swaisgood, 1992). Caseins can be fractionated into four distinct pro- 
teins: a,,-, as2-, p-, and Ic-caseins (Table 1.4). There are also several 
derived caseins, resulting from the action of indigenous milk pro- 
teinases, especially plasmin, on the main caseins. These are usually 
referred to as y-caseins. The caseins are all phosphoproteins with the 
phosphate groups being esterified to the serine residues in the protein 
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TABLE 1.4. Typical Concentration of Proteins in Bovine Milk 

Grams/Li ter YO of Total Protein 

Total protein 
Total caseins 

a,, -Casein 
a,2-Casein 
p-Casein 
K-Casein 

Total whey proteins 
a-Lactalbumin 
P-Lactoglobulin 
BSA 
Immunoglobulins 
Proteose peptone 

33 
26 
10 
2.6 
9.3 
3.3 
6.3 
1.2 
3.2 
0.4 
0.7 
0.8 

100 
79.5 
30.6 

8.0 
28.4 
10.1 
19.3 
3.7 
9.8 
1.2 
2.1 
2.4 

chains. The phosphate groups bind large amounts of calcium, and they 
are important to the structure of casein micelles. 

Calcium binding by individual caseins is proportional to their phos- 
phate content. Both and aT2-caseins are most sensitive to calcium, 
precipitating at Ca2+ concentrations in the range 3-8mM; p-casein pre- 
cipitates in the range 8-15mM Ca2', but remains in solution at con- 
centrations up to 400mM Ca" at 1°C; K-casein remains soluble at all 
levels of calcium. K-Casein is not only soluble in Ca2+ but also capable 
of stabilizing a,- and p-caseins against precipitation by Ca2+. 

The primary structures of the four principal caseins are now well 
established (Swainsgood, 1992). In comparison with typical globular 
proteins, the structures of caseins are quite unique. The most unusual 
feature is the amphiphilicity of their primary structure. The hydropho- 
bic residues in caseins are not uniformly distributed along the poly- 
peptide chain; for example, a,,-casein has three hydrophobic regions, 
residues 1-44, 90-113, and 132-199, and aS2-casein has two hydro- 
phobic segments, 90-120 and 3 60-207. The C-terminal two-thirds of p- 
casein, the most hydrophobic of the caseins, is strongly hydrophobic, 
whereas segments 5-65 and 105-115 of K-casein are strongly hydropho- 
bic. Many of the charged residues, particularly the phosphoserine 
residues, in the caseins are also clustered. For example, the sequence 
41-80 in a,,-casein contains all but one of the eight phosphate residues 
and has a charge of -21 at pH 6.6, whereas the rest of the molecule has 
no net charge. The C-terminal 47-residue sequence of a,,-casein has a 
net charge of +9.5, whereas the N-terminal 68-residue sequence has a 
net charge of -21. P-Casein has a strong negatively charged sequence 
between residues 13 and 21, with four of the five phosphoserine 
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residues and three Glu residues; segment 42-48 is also strongly charged 
with three Glu, one Asp, and one Lys residues. The N-terminal 21- 
residue sequence of p-casein has a net charge of -12. the amino half 
of K-casein is hydrophobic with no net charge, whereas the C-terminal 
50 residues, which contain no cationic residue, contain 10 or 11 anionic 
amino acid residues as well as the negatively charged sugar residues, 
giving a negative charge of -15 to -16. 

The clustering of similar residues and high levels of proline residues 
and their uniform distribution throughout the polypeptide chain influ- 
ence the secondary and tertiary structure of the caseins which are 
relatively open and not very ordered. Therefore, all four caseins have 
a distinctly amphipathic character with separate hydrophobic and 
hydrophilic domains. Without much tertiary structure, there is consid- 
erable exposure of hydrophobic residues to the aqueous environment. 
Consequently, their hydrophobic domains interact to form polymers. 
For example, a,l -casein polymerizes to give tetramers of molecular 
weight -110,000 Da, and the degree of polymerization increases with 
increasing protein concentration. At 40"C, p-casein exists in solution 
as monomers of molecular weight -25,000Da. As the temperature is 
raised, the monomers polymerize to long thread-like chains of 20 units 
at 85"C, with the degree of association being dependent on protein con- 
centration. In unreduced form, K-casein is present largely as a polymer 
of molecular weight -600,000Da with some larger polymers also being 
present. 

The asl-, as2-, and p-caseins can bind considerable concentrations of 
metal ions, mainly Ca2', leading to strong aggregation. Under normal 
circumstances, ql-casein can bind up to 10mol Ca2+/mol protein. K- 

Casein, which has only one phosphoserine residue, does not bind Ca2' 
strongly and is soluble in Ca2+. Furthermore, K-casein associates with 

or p-caseins and, in the presence of Ca", stabilizes as]- and p- 
caseins against precipitation. These associations lead to the formation 
of stable colloidal particles that are generally similar to the native 
casein micelles that exist in milk. 

In normal milk, 95% of the casein exists as coarse colloidal particles, 
called micelles, with diameters ranging from 80 to 300nm (average 
-150nm). On a dry weight basis, the micelles consist of -94% protein 
and -6 % small ions, principally calcium, phosphate, magnesium and 
citrate, referred to collectively as colloidal calcium phosphate (CCP). 
These particles are formed within the secretory cells of the mammary 
gland and undergo relatively little change after secretion. 

Some physicochemical characteristics of casein micelles are pre- 
sented in Table 1.5. The precise structure of the casein micelle is a 



8 MILK AND MILK PROCESSING 

TABLE 1.5. Physicochemical Characteristics of 
Casein Micelles 

Diameter 80-300 nm 
Surface area 8 x 10-“’cm2 
Volume 2 x IO-”cm’ 
Density 1.063 gicm’ 
Molecular weight (hydrated) 1.3 x 10‘Da 
Hydration 2 g HZO/g protein 
Water content (hydrated) 63 Yo 

matter of considerable debate at the present time. A number of models 
have been proposed over the past 40 years, but none can describe com- 
pletely all aspects of casein micelle behavior. The models include (a) 
coat-core models, which postulate that the interior of the micelle is 
composed of proteins that are different from those on the exterior 
(Waugh and Noble, 1965; Hansen et al., 1996), and (b) subunit struc- 
ture models to which the term submicelle is attached (Slattery, 1976; 
Schmidt, 1982; Walstra, 1990). 

In the subunit models (e.g., Schmidt, 1982), caseins are aggregated 
to form submicelles (10-15nm in diameter). It has been suggested that 
submicelles have a hydrophobic core that is covered by a hydrophilic 
coat. The polar moieties of K-casein molecules are concentrated in one 
area. The remaining part of the coat consists of the polar parts of other 
caseins, notably segments containing their phosphoserine residues. The 
submicelles are assumed to aggregate into micelles by CCP, which binds 
to asl-, a\?-, and p-caseins via their phosphoserine residues. Submicelles 
with no or low K-casein are located in the interior of the micelle, 
whereas K-casein-rich submicelles are concentrated on the surface, 
making the overall surface K-casein rich. 

Other models consider the micelle as a porous network of proteins 
(of no fixed conformation); the calcium phosphate nanoclusters are 
responsible for crosslinking the protein and holding the network 
together (Holt, 1992). A recent model proposed by Horne (1998) 
assumes that assembly of the casein micelle is governed by a balance 
of electrostatic and hydrophobic interactions between casein mole- 
cules. As stated earlier, as]-, and p-caseins consist of distinct 
hydrophobic and hydrophilic regions. Two or more hydrophobic 
regions from different molecules form a bonded cluster. Growth of 
these polymers is inhibited by the protein charged residues, the repul- 
sion of which pushes up the interaction free energy. Neutralization of 
the phosphoserine clusters by incorporation into the CCP diminishes 
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that free energy and produces a second type of crosslinking bridge. 
K-Casein acts as a terminator for both types of growth, because it 
contains no phosphoserine cluster and no other hydrophobic anchor 
point. 

A common factor in all models is that most of the K-casein appears 
to be present on the surface of casein micelles. The hydrophilic C- 
terminal part of K-casein is assumed to protrude 5-10nm from the 
micelle surface into the surrounding solvent, giving it a “hairy” appear- 
ance. The highly charged flexible “hairs” physically prevent the 
approach and interactions of hydrophobic regions of the casein mole- 
cules. Removal of the hairs by cleavage with rennet or their collapse in 
ethanol destroys the stabilization effect of K-casein, allowing micelles 
to interact and aggregate. 

7.2.2.2 Whey Proteins. The principal whey protein fractions are 
P-lactoglobulin, bovine serum albumin (BSA), a-lactalbumin and 
immunoglobulins. Major reviews covering the structures and proper- 
ties of the whey proteins have been published (e.g., Swaisgood, 1982; 
Whitney, 1988; Kinsella and Whitehead, 1989; Hambling et al., 1992). p- 
Lactoglobulin is the most abundant whey protein and represents about 
50% of the total whey protein in bovine milk. There are eight known 
genetic variants of P-lactoglobulin: A, B, C, D, E, F, G, and Dr. The A 
and B genetic variants are the most common and exist at almost the 
same frequency. 0-Lactoglobulin has a molecular weight of 18,000 Da 
and contains two internal disulfide bonds and a single free thiol group, 
which is of great importance for changes occurring in milk during 
heating. 

a-Lactalbumin accounts for about 20% of the whey proteins and has 
three known genetic variants. It has a molecular weight of 14,000Da 
and contains four interchain disulfide bonds. a-Lactalbumin binds two 
atoms of calcium very strongly, and it is rendered susceptible to denat- 
uration when these atoms are removed. 

Serum albumin is identical to the serum albumin found in the blood 
and represents about 5% of the total whey proteins. The protein is syn- 
thesized in the liver and gains entrance to milk through the secretory 
cells. It has one free thiol and 17 disulfide linkages, which hold the 
protein in a multiloop structure. Serum albumin appears to function as 
a carrier of small molecules, such as fatty acids, but any specific role 
that it may play is unknown. 

Immunoglobulins are antibodies synthesized in response to stimula- 
tion by macromolecular antigens foreign to the animal. They account 
for up to 10% of the whey proteins and are polymers of two kinds of 
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polypeptide chain: light (L) of molecular weight 22,400Da and heavy 
(H) of molecular weight 50,000-60,000Da. Four types of immunoglob- 
ulins have been found in bovine milk: IgM, IgA, IgE, and IgG. 

Several other proteins are found in small quantities in whey; these 
include P-microglobulin, lactoferrin, and transferrin, both of which 
are iron-binding proteins, proteose peptones, and a group of acyl 
glycoproteins. 

1.2.3 Milk Salts 

Milk salts consist mainly of chlorides, phosphates, citrates, sulfates, and 
bicarbonates of sodium, potassium, calcium, and magnesium. Some of 
the milk salts (i.e., the chlorides, sulfates, and compounds of sodium and 
potassium) are soluble and are present almost entirely as ions dissolved 
in milk whey. Others-calcium and phosphate in particular-are much 
less soluble and at the normal pH of milk exist partly in dissolved and 
partly in insoluble (i.e., colloidal) form, in close association with the 
casein micelles (Walstra and Jenness, 1984). The partition of calcium 
phosphate between the dissolved and colloidal states significantly influ- 
ences the properties of milk. 

A large number of mineral elements, such as zinc, iron, and man- 
ganese, are present in normal milk in trace amounts. 

1.2.4 Lactose 

Lactose, the major carbohydrate in milk, is found in cow’s milk at levels 
of -4.8%. This level of sugar does not make milk unduly sweet because 
lactose is less sweet than sucrose as well as less sweet than an equimo- 
lar mixture of its components, galactose and glucose. Lactose makes a 
major contribution to the colligative properties of milk (osmotic pres- 
sure, freezing point depression, boiling point elevation). For example, 
it accounts for -50% of the osmotic pressure of milk. Lactose exists 
in both a- and p-lactose forms, although in solution an equilibrium 
mixture of the two forms is attained, the composition of which is depen- 
dent on the temperature. Compared with many other sugars, lactose is 
relatively less soluble in water; its solubility at 25°C is only 17.8g/100g 
solution. This relatively low solubility can cause some manufacturing 
problems because lactose crystals are gritty in texture. Crystallization 
of lactose is also responsible for caking and lumping of dried milk 
during storage, particularly if moisture is absorbed from the air. 
Lactose, like other reducing sugars, can react with free amino groups 
of proteins to give products that are brown in color. 
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Milk also contains many vitamins (e.g., vitamins A and C), enzymes 
(e.g., lactoperoxidase and acid phosphatase) and somatic cells. Some of 
the minor constituents may perform an important function, and others 
may be accidental contaminants (antibodies and disinfectants). 

1.3 MILK PROCESSING 

Milk, in its natural state, is a highly perishable material, subject to 
microbial and chemical degradation. Many processes have been 
developed over the years to enhance its utilization and safety. These 
processes can be grouped and analyzed in a variety of ways. A useful 
classification is provided under the following headings: 

Fractionation 
Concentration 

- Preservation 

Most of the processes used in dairy product manufacture belong in one 
or more of these groups. The processes in each group are briefly exam- 
ined, and then their application to the manufacture of a wide variety 
of products is discussed. Detailed analysis of the processes, operations, 
and technology can be found in standard food and chemical engineer- 
ing textbooks such as Earle (1983), Perry et al. (1984), Rosenthal 
(1991), Robinson (1993), Bylund (1995) and Walstra et al. (1999). 

1.3.1 Fractionation 

This term is used to describe the fractionation or disassembly of the 
components of milk, utilizing their various properties as earlier dis- 
cussed. Processes in this category include the following: 

- Centrifugal separation, utilizing density difference of the compo- 
nents. The most common equipment used is the disc bowl separa- 
tor (Figure Ll ) ,  which allows separation of light and heavy phases 
and also allows removal of any sediment. 

* Membrane separation, utilizing size or charge difference. This is 
normally a pressure-motivated, flow-dependent process, involving 
the use of a selective membrane, with a wide range of fractiona- 
tions possible, from simple water removal to separation of differ- 
ent proteins. The operating principle is illustrated in Figure 1.2. 
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Figure 1.1. Sectional view of a modern hermetic separator. 10, Frame hood; 11, sedi- 
ment cyclone; 12, motor; 13, brake; 14, gear; 15, operating water system; 16, hollow bowl 
spindle. (Courtesy of Tetra Pak.) 

* Ion exchange, utilising charge difference. In this process, tiny resin 
beads exchange charged ions on their surface with charged ions or 
larger charged molecules in solution, removing them for subse- 
quent recovery. 

- Precipitation and crystallization, utilizing differences in solubility 
and suspension stability. An example of equipment used for this 
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Figure 1.2. Principles of membrane filtration. (Courtesy of Tetra Pak.) 

is the cheese vat illustrated in Figure 1.3, in which liquid milk 
is converted to a gel by destabilization of the casein micelle. 
Subsequent cutting of the gel and syneresis or whey loss results 
in fractionation of the fat and casein from the remaining milk 
components. 

- Filtration, utilizing size difference. The principle is similar to that 
already discussed with membrane separation but involves the sep- 
aration of larger components. An example of the equipment used 
is a dewheying screen used in separating curd and whey in cheese- 
making, shown in Figure 1.4. 

* Homogenization is a process of size reduction of the fat globules 
to prevent fractionation of the cream and skim milk by density dif- 
ference. A combination of a high-pressure pump and special valves 
provides high shear. 

1.3.2 Concentration 

Processes in this grouping involve removal of one or more components, 
resulting in a concentration of the remaining components. Many of 
these processes also involve fractionation. The processes include the 
following: 

Evaporation, utilizing phase change of the aqueous component. An 
evaporator is a specialized heat exchanger operating under 
vacuum, facilitating efficient water vapor generation and removal 
from a liquid with minimal thermal damage to the remaining 
liquid. An example is shown in Figure 1.5. 

* Freeze concentration, also utilizing phase change. This involves 
freezing and crystallization of the aqueous component of a liquid 
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Figure 1.3. Horizontal enclosed cheese tank with combined stirring and cutting tools 
and hoisted whey drainage system. 1, Combined cutting and stirring tools; 2, strainer 
for whey drainage; 3, frequency-controlled motor drive; 4, jacket for heat; 5 ,  manhole; 
6, CIP nozzle. (Courtesy of Tetra Pak.) 

by refrigeration followed by crystal removal. It is not widely used 
in dairy processing. 

* Membrane separation, utilizing size for both concentration and 
fractionation. This process has already been described above, 
where it can be seen that the permeate, or material passing through 
the membrane, includes water, enabling concentration of the reten- 
tate or material retained. 

- Drying, utilizing phase change. This is a very important process, 
particularly in the production of milk powder, casein and whey 
products. It involves water removal from a liquid concentrate or 
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Figure 1.4. Dewheying screen for separating curd and whey. (Courtesy of Tetra Pak.) 

- Product 
Vapor 
Condensate - Heating medium 

Figure 1.5. Three-effect evaporator with mechanical vapor compression. 1 ,  Thermo- 
compressor; 2, vacuum pump; 3, mechanical vapor compressor; 4, first effect; 5, 
2nd effect; 6, third effect; 7 ,  vapor separator; 8, product heater; 9, plate condenser. 
(Courtesy of Tetra Pak.) 



16 MILK AND MILK PROCESSING 

Figure 1.6. Spray drier with fluid bed attachment (two-stage drying). 1, Indirect heater; 
2, drying chamber; 3, vibrating fluid bed: 4, heater for fluid bed air; 5, ambient cooling 
air For fluid bed; 6, dehumidified cooling air for fluid bed; 7 ,  sieve. (Courtesy of Tetra 
Pak.) 

solid by heating with hot air. An example of the equipment used is 
a spray drier, shown in Figure 1.6. 

- Centrifugal separation, utilizing density difference. The principles 
of this have already been described under fractionation. An 
example of equipment used for water removal and consequent 
concentration is the decanter centrifuge. 

1.3.3. Preservation 

The processes in this category are primarily concerned with reducing 
microbiological and chemical change. They include the following: 

* Pasteurization, thermalization, and sterilization, utilizing heat to 
kill microorganisms. These processes all involve the transfer of heat 
into the product in order to raise the temperature to achieve a 
closely controlled time-temperature process (e.g., 72"C, 15 s) for 
pasteurization. An example of the equipment used is a plate heat 
exchanger, shown in Figure 1.7. 
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Figure 1.7. Principles of flow and heat transfer in a plate heat exchanger. (Courtesy of 
Tetra Pak.) 

* Chilling and freezing, to slow microbial growth and chemical 
change. This is widely used both during or prior to processing or 
for final product storage. Heat exchangers of the type shown in 
Figure 1.7 can be used for liquid products, with cool stores and 
freezing chambers for finished goods. 

- Reduction of pH, to inhibit microbial growth. This may be 
achieved by addition of acids or by bacterial fermentation of the 
lactose. An example of the equipment used is the cheese vat shown 
in Figure 1.3. 

* Dehydration (drying), to inhibit microbial growth and chemical 
change. The equipment used for spray drying has already been 
described (Figure 1.6). 

- Salting, to reduce water activity and inhibit microbial growth. Salt 
may be added as dry granular salt or by means of a brine solution, 
with the product being immersed for a period in a tank of con- 
centrated brine. 
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- Packaging, to contain the product, protect it, and reduce micro- 
biological and chemical change. Examples of commonly used pack- 
aging are the cartons and plastic bottles for liquid products, the 
bulk 25-kg gas-flushed bags for whole milk powder, and the 
form/fill/seal packages for cheese. 

1.4 
PRODUCTS FROM MILK 

UTILIZATION OF PROCESSES TO MANUFACTURE 

Figure 1.8 illustrates the processes that are involved in the manufac- 
ture of the large range of products that can be produced from the 
very versatile raw material, whole milk. The products fall into two 
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Figure 1.8. Products from milk. 
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broad categories: those for immediate availability to the consumer 
(consumer products) and those that are ingredients that will subse- 
quently be utilized to produce consumer dairy products or other foods. 
The products and processes that are involved in each group are briefly 
discussed. 

1.4.1 Fluid Milk Products 

This group of products falls into the consumer products family, 
competing in the beverage sector of the grocery business. Their 
manufacture is relatively simple, involving fractionation processes 
such as centrifugal separation to produce cream, skim milk, or re- 
duced fat milk, concentration processes such as membrane separa- 
tion (ultrafiltration) to produce high calcium milks, and preservation 
processes such as pasteurization, ultra-heat treatment (UHT), and 
refrigeration to extend the safety and shelf life of the product range. 
Homogenization is used to prevent separation of the fat in the liquid 
product. 

1.4.2 Fermented Milk Products 

There are two groups in this family: (a) cheese products in which 
part of the original liquid is removed during manufacture as whey 
and (b) products in which there is no whey drainage, such as yogurts. 
Both groups have a very long history and were probably developed 
by accident as a means of preserving milk. The basic principles of 
manufacture are shown in Figure 1.9. All or some of the standard 
food preservation tools of moisture removal, acid development, 
salt addition, and temperature adjustment may be used. The first 
letters of the italic words spell the conveniently remembered acronym 
MAST. 

Cheese manufacture is a highly complex process. The composition 
of the initial milk is adjusted or standardized (fractionation) by cen- 
trifugal separation and possibly also ultrafiltration. For most cheese 
types, the milk will then be pasteurized (72"C/15s) to reduce the risk 
from pathogenic organisms, adjusted to the desired fermentation tem- 
perature, and then pumped into a cheese vat. Starter culture consisting 
of a carefully selected species of lactic acid bacteria and a coagulant 
(e.g., calf rennet) are then added and the milk is allowed to coagulate. 
This is by destabilization of the casein micelle. This permits the begin- 
ning of the fractionation and selective concentration processes that 
form the basis of cheese-making. Once the coagulum is of sufficient 
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1 Coagulation I f- r Standardized 1 

*] 
process 

Figure 1.9. Manufacture of fermented dairy products. 

strength, it is cut into small particles and, by a process of controlled 
heating and fermentation, syneresis or expulsion of moisture and min- 
erals (whey) occurs. Separation of the curd from the whey over a screen 
(filtration) follows. Depending on the cheese type, the curd may be 
allowed to fuse together (e.g., Cheddar) or may be kept in granules 
(e.g., Colby). Salt may then be incorporated into the curd for preser- 
vation, as dry granules or by immersion in brine. The curd is pressed 
into blocks by either gravity or mechanical compression, and the cheese 
then goes into controlled storage conditions for final fermentation and 
maturation. 

For fermented milk products, the process of manufacture is some- 
what simpler. For example, in yogurt manufacture, the milk to be used 
is fortified with additional protein (skim milk powder or concentrated 
milk), severely heated (e.g.? 95"C/5 min) to reduce the microbial 
load and to encourage whey proteidcasein interaction, cooled to 
fermentation temperature (e.g., 36"C), and transferred to a fermenta- 
tion vessel. Selected cultures are then added, and fermentation is 
continued until the desired pH of around 4.5 is reached. This causes 
the coagulation of the vessel contents, and the plain yogurt is then 
cooled prior to possible incorporation of fruit and flavoring, followed 
by packaging. 
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1.4.3 Milk Powder Products 

The first steps of the milk powder production process involve the frac- 
tionation of the raw milk into the desired components for the final 
product specification. For example, for skim milk powder, almost all the 
fat component of the milk is removed as cream by centrifugal separa- 
tion. For whole milk powder, only a proportion of the cream may be 
removed. The lactose content of the milk may be adjusted, by addition 
of crystalline lactose or permeate, to achieve the desired protein/ 
carbohydrate ratio in the final product. Alternatively, the skim milk 
may be partially concentrated by ultrafiltration to achieve not only 
water removal but also protein concentration in the manufacture of 
speciality milk powders known as milk protein concentrates. The stan- 
dardised liquid is pasteurized to help with preservation. It undergoes a 
prescribed heat treatment for the desired final product characteristics 
and is then concentrated by multieffect evaporators to a solids level of 
about 50%, and the concentrate is fed to a spray drier for final cun- 
centration and preservation by water removal to a moisture content of 
3 4 % .  If whole milk powder is being produced, a homogenization step 
is included prior to drying. Packaging is a critical component of the 
preservation process, and flushing with an inert gas such as nitrogen is 
often used to reduce fat oxidation. 

Milk powder products have a very wide range of uses from recon- 
stitution into liquid products to ingredients for a wide range of food 
products. Liquid concentrated milk products are also produced 
from evaporated milk, or reconstituted from powder to a high solids 
liquid. These are shelf-stable products commonly presented in cans or 
cartons. 

1.4.4 Casein Products 

The manufacture of this family of products involves the fractionation 
and concentration of the casein protein fraction of the milk. The first 
stages involve centrifugal separation of the skim milk from the cream, 
followed by pasteurization. The casein micelles are then destabilized 
either by the action of a coagulant such as rennet or by a reduction in 
pH to the isoelectric point (4.6) by fermentation or addition of mineral 
acid.The coagulated protein is then heated to firm the curd and encour- 
age syneresis or loss of whey. The curd is then separated from the whey 
by filtration or centrifugation, in combination with countercurrent 
washing with water. The curd may then be dried as an insoluble casein 
for preservation, or first be reacted with alkali (e.g., sodium hydroxide), 
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followed by drying to produce a water-soluble caseinate. A protein 
product including both the casein and the whey proteins, known as total 
milk proteinate, may be manufactured by a variation of the process 
described. 

The protein products described have a wide range of food ingredi- 
ent and industrial applications, many utilizing the emulsifying, water- 
and fat-binding, and nutritional properties of the proteins. 

1.4.5 Milkfat (Cream) Products 

These are products that are derived from the cream or fat-containing 
portion of the milk, and as such the first step in their manufacture 
involves the centrifugal separation of the incoming milk to produce 
cream and skim milk.This is normally followed by a pasteurization step, 
which may include a vacuumhteam treatment step for feed taint 
removal. 

The most familiar product made from cream is butter and two dif- 
ferent processes are currently in use. The first is the traditional Fritz 
process, which involves chilling the cream overnight to about 8°C to aid 
crystallization of part of the fat, followed by churning to invert the oil- 
in-water emulsion in milk to the water-in-oil emulsion in butter. A fil- 
tration or screening step follows to separate the butter granules from 
the surrounding buttermilk, ,and the granules are further worked or 
blended under vacuum into a homogeneous mass and extruded into 
packaging, as tubs or blocks. Salt may be incorporated during the final 
working stages, for flavor and preservation. The product is then refrig- 
erated for preservation. The buttermilk may be evaporated and spray 
dried for subsequent use as a food ingredient. 

The more recently developed process for butter manufacture essen- 
tially follows a margarine system and is known as the A m m i x  process. 
It involves initially the production of a highly purified anhydrous milk 
fat by selective concentration of the cream using centrifugal separation 
and vacuum drying. The milk fat is then emulsified and blended with 
an aqueous phase containing some milk proteins and possibly salt, fol- 
lowed by rapid refrigeration in a scraped-surface heat exchanger and 
packaging. Again, storage under refrigeration follows for preservation. 

Soft butter and a variety of milk fat fractions may be prepared by 
fiactionafing the anhydrous milk fat, utilizing fractional crystallization 
and filtration. The variation in hardness of the fractions permits a 
variety of uses, such as pastry manufacture. Anhydrous milk fat is itself 
an important product, being widely used with skim milk powder during 
recombining to produce recombined liquid milk products. 
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1.4.6 Whey Products 

Whey is produced as a by-product of cheese and casein manufacture 
and for many years was regarded as a nuisance, low-value material 
requiring disposal at least cost. The whey was of a similar volume to 
the incoming milk; and the components-whey proteins, lactose, 
and minerals-were present in solution, making recovery difficult. 
However, the development of new technologies-in particular, mem- 
brane separation-has revolutionized the processing of whey into 
many highly valued products. There are many possible products 
and manufacturing processes. Figure 1.10 outlines a number of possi- 
ble processes for cheese whey. The first step involves separation 
and selective concentration of residual fat and casein by centrifuga- 
tion. Selective concentration and jractionation of the whey proteins 
follows by the use of membrane separation (ultrafiltration and 
diafiltration). The protein stream is then further concentrated and 
preserved by evaporation and drying to produce whey protein concen- 
trate, with a variety of protein levels and functional properties. 
Alternatively, further fractionation and concentration of the whey pro- 
teins may be performed using ion exchange to produce whey protein 
isolates. 

The lactose- and mineral-containing side stream from ultrafiltration 
is known as permeate. Mineral recovery may occur by precipitation, fil- 
tration, and drying of the mineral component. The remaining lactose 
stream may then be concentrated by membrane separation (reverse 
osmosis) and evaporation. Lactose can then be recovered by crystal- 
lization, centrifugal separation, and drying, to produce crystalline 
lactose. Another option is to convert the lactose stream to alcohol by 
fermentation and distillation. 

The whey products produced have a very wide range of uses, such 
as food ingredients with unique functional (gelling, emulsifying) and 
nutritional properties. 

1.5 CHANGES TO MILK COMPONENTS 
DURING PROCESSING 

Various methods of processing milk, leading to defined products, are 
shown in Figure 1.8. Processing alters the nature and behavior of milk 
components, which consequently influences the properties of the dairy 
products. Some of the process-induced changes that occur in milk are 
summarized in Table 1.6. 
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Figure 1.10. Manufacture of products from whey. 

1.5.1 Homogenization 

Intense turbulence during homogenization markedly reduces fat glob- 
ule size, with a consequent four- to sixfold increase in surface area. 
Because the amount of available original membrane material is insuf- 
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TABLE 1.6. Process-Induced Changes in Milk 

Process Effect 

Heating Destruction of bacteria; inactivation of enzymes; destruction of 
some vitamins; denaturation of whey proteins; formation of 
aggregates of whey proteins: formation of a complex between 
Ic-casein and P-lactoglobulin; shift of the soluble salts to the 
colloidal phase; changes in micelle structure; dephosphorylation 
of caseins; peptide bond cleavage of proteins; lysinoalanine 
formation; Maillard reaction; isomerization and degradation of 
lactose; changes to fat globule membrane; pH decrease. 

Concentration of milk solids; increase in colloidal salts; increase 
in micelle size; decrease in pH; limited denaturation of whey 
proteins. 

Increase in number of fat globules; adsorption of casein on to fat 
globules; decrease in fat globule size; decrease in protein 
stability. 

Rapid removal of water; relatively minor changes in protein. 

Evaporation 

Homogenization 

Spray drying 

ficient to cover this area, plasma proteins adsorb onto the fat globule 
surface; the new membranes in homogenized milk consist of MFGM 
material, caseins, casein micelles, and whey proteins (Anderson et al., 
1977; Darling and Butcher, 1978). 

Casein micelles adsorb preferentially over the whey proteins, and the 
adsorbed casein micelles partly spread on the fat surface, possibly as 
submicelles (Walstra and Oortwijn, 1982). Although the whey proteins 
make up a much smaller proportion (about 5 % ) ,  they cover a dispro- 
portionately greater area (about 25%) of the fat globule surface 
(Walstra and Oortwijn, 1982). The relative content of original 
membrane material in the new membrane depends on the increase in 
surface area, and thus on the intensity of homogenisation. The homog- 
enized fat globules act as large casein micelles and will participate in 
any reaction of caseins, such as renneting, acid precipitation, and heat 
coagulation (van Boekel and Walstra, 1989). 

Aiter homogenization, clusters of fat globules in which casein 
micelles are shared by globules may be found (Ogden et al., 1976).Two- 
stage homogenization may (partly) prevent the occurrence of homog- 
enization clusters (Walstra, 1983). Homogenization retards creaming 
because the fat globules are smaller. Lipase is activated by homoge- 
nization because of transfer of casein-associated lipase to the surface 
of fat globules, increase in fat surface area, and dissociation of casein 
micelles (Harper and Hall, 1976). 
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When skim milk is homogenized under normal milk homogenization 
conditions (e.g., 15MPa), there is no change in the casein micelle size, 
but the micelles can be disrupted at high homogenization pressures. 

1.5.2 Heat Treatments 

Heating temperatures vary widely, ranging from pasteurization (72°C 
for 15s) to low-temperature, long-time heating (e.g., 85°C for up to 
30min) to high-temperature, short-time heating (120°C for 2min) using 
direct (steam injection) or indirect (plate heat exchanger) heating. 
These heat treatments cause a number of important chemical and phys- 
ical reactions in milk proteins, and many reactions involve nonprotein 
constituents of milk as well. Some of these changes are listed in Table 
1.6. Knowledge of the heat-induced changes in milk has expanded con- 
siderably during the last 30 years, and major reviews have been pub- 
lished (Fox, 1981; Singh, 1988; Singh and Creamer, 1992; Singh and 
Newstead, 1992). A brief overview of the main changes is provided in 
the following sections. 

1.5.2.1 Changes in Proteins. Upon heating milk above 65"C, whey 
proteins are denatured by the unfolding of their polypeptides, thus 
exposing the side-chain groups originally buried within the native struc- 
ture. The unfolded proteins then interact with casein micelles or simply 
aggregate with themselves, involving thiol-disulfide interchange reac- 
tions, hydrophobic interactions, and ionic linkages. The order of sensi- 
tivity of the various whey proteins to heat in milk has been reported 
to be immunoglobulins > BSA > P-lactoglobulin > a-lactalbumin 
(Dannenberg and Kessler, 1988; Oldfield et al., 1998a). 

The kinetics of denaturation of whey proteins are quite complex, 
with the reaction characteriistics showing marked changes above 
80-100°C. The denaturation of a-lactalbumin appears to follow a first- 
order reaction, but agreements on the order of reaction for p- 
lactoglobulin have ilot been achieved. Dannenberg and Kessler (1988) 
suggest that a reaction order of 1.5 is best to fit the rate of denatura- 
tion, but other workers favor either a first-order (de Wit and Swinkels, 
1980) or a second-order (Hillier and Lyster, 1979) reaction. Despite 
these differences, there is general agreement that the denaturation 
reaction can be represented by a nonlinear Arrhenius plot. 

The apparent activation energies reported by various workers 
(Hillier and Lyster, 1979; Dannenberg and Kessler, 1988; Oldfield et al., 
1998a) are in the range 260-280kJ/mol for P-lactoglobulin and 270- 
280 kJimol for a-lactalbumin at temperatures below 90°C. At higher 
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temperatures, the activation energy is lower, ranging from 54 to 
60kJ/mol for P-lactoglobulin and from 55 to 70 kJ/mol for a-lactalbumin. 
Different techniques have been used by various workers to assess 
denaturation; these include measurement of loss of solubility at pH 4.6, 
reactivity of thiol groups, electrophoretic analysis, loss of antigenic 
activity, and differential scanning calorimetry. Because these methods 
are based on different physical and chemical properties of the protein, 
it is not surprising that the data obtained by these different techniques 
are not totally in agreement. In addition, various heating methods have 
been used, including heating samples in glass tubes, capillary tubes 
immersed in water/oil baths, and laboratory-scale heat exchangers. It is 
likely that whey proteins respond differently depending on how the 
milk is heated-that is, on the time required to reach the desired tem- 
perature, flow conditions, and cooling times and rates. 

Ionic strength, pH, and the concentrations of calcium and protein 
markedly influence the extent of denaturation of the whey proteins 
(Dannenberg and Kessler, 1988; Oldfield et al., 1998a). Heat denatura- 
tion of whey proteins is also influenced by lactose and other sugars, 
polyhydric alcohols, and protein-modifying agents (Donovan and 
Mulvihill, 1987). 

Denatured whey proteins have been shown to associate with K- 

casein on the surface of the casein micelles, giving the appearance 
under an electron microscope of thread-like appendages, protruding 
from the micelles (Mohammad and Fox, 1987). The principal interac- 
tion is considered to be between P-lactoglobulin and K-casein, and it 
involves both disulfide and hydrophobic interactions (Smits and van 
Brouwershaven, 1980; Singh and Fox, 1987). Not all the denatured whey 
proteins complex with the casein micelles. Some remain in the serum 
where they may form aggregates with other whey proteins or with 
serum K-casein. The extent of association of denatured whey protein 
with casein micelles is markedly dependent on the pH of the milk prior 
to heating, levels of soluble calcium and phosphate, milk solids con- 
centration, and type of heating system (water bath, indirect or direct 
heating system) (Singh, 1995). Heating at pH values less than 6.7 results 
in a greater quantity of denatured whey proteins associating with casein 
micelles, whereas, at higher pH values, whey protein-K-casein com- 
plexes dissociate from the micelle surface, apparently due to dissocia- 
tion of K-casein (Singh and Fox, 1985). An indirect heating system tends 
to result in greater proportions of 0-lactoglobulin and a-lactalbumin 
associating with the micelles than does a direct heating system (e.g., 
direct steam injection) (Corredig and Dalgleish, 1996a; Oldfield et al., 
199%). 
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A mechanism of P-lactoglobulin denaturation and its association 
with casein micelles in milk systems has been proposed recently by 
Oldfield et al. (1998b), who suggested that there are at least three pos- 
sible species of denatured P-lactoglobulin that could associate with the 
micelles: (i) unfolded monomeric P-lactoglobulin, (ii) self-aggregated 
P-lactoglobulin, and (iii) P-lactoglobulin-a-lactalbumin aggregates. The 
relative rates of association of these species with the casein micelles 
depend on temperature and heating rate, which in turn affect the rela- 
tive rates of unfolding and the formation of the various aggregated 
species. The P-lactoglobulin aggregates, which have been shown to be 
stiff and rod-like (Griffen et aX., 1993), would protrude from the micelle 
surface, providing steric effects for further P-lactoglobulin association. 
In addition, these aggregates imay have their reactive sulfhydryl group 
buried within the interior of the aggregate, and therefore unavailable 
for sulfhydryl-disulfide interchange reactions with micellar K-casein. 
In contrast, unfolded monomeric P-lactoglobulin molecules would be 
expected to penetrate the K-casein hairy layer with greater ease and 
have a readily accessible sulphydryl group. The formation of unfolded 
P-lactoglobulin may be promtoted by long heating times at low tem- 
peratures, or by heating at a slow rate to the required temperature. 
However, at high temperatures and fast heating rates, all whey proteins 
begin to unfold in a short period of time, thus presenting more oppor- 
tunity for unfolded monomeric P-lactoglobulin to self-aggregate, which 
consequently is likely to associate with the casein micelles less 
efficiently. 

Casein micelles are very stable at high temperatures. although 
changes in zeta potential, size, and hydration of micelles, as well as some 
association-dissociation reactions, do occur at severe heating temper- 
atures (Fox, 1981; Singh, 1988; Singh and Creamer, 1992). Heating milk 
up to 90°C causes only minor changes in the size of casein micelles but 
severe heat treatments increase the micelle size. The increase in micelle 
size during heating is accompanied by a large increase in the number 
of small particles, possibly formed by disaggregation of casein micelles. 
For example, Aoki et al. (1974, 1975) reported that heating whey- 
protein-free milk at temperatures >I 10°C caused a considerable 
increase in the level of “soluble” casein, of which -40% was K-casein. 
In milk, the extent of dissociation of K-casein-rich protein is dependent 
on the pH of heating: below pH 6.7, virtually no dissociation occurred 
on heating at 140°C for 1 min, but, at higher pH values (above 6.9), dis- 
sociation increased with an increase in pH (Singh and Fox, 1985). 

In concentrated milk, the aggregation of casein micelles increases 
gradually with increasing intensity of heating (Singh and Creamer, 
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1991). In these systems, the dissociation of K-casein-rich protein occurs 
on heating at normal pH (6.6), and the extent of dissociation increases 
with the pH at heating. 

1.5.2.2 Changes in Fat Globules. When whole milk is heated 
above 60"C, fat globule membrane proteins denature, resulting in expo- 
sure of reactive thiol groups. As a consequence, thiol-disulfide inter- 
change reactions may occur between different membrane proteins, and 
whey proteins could also participate in these reactions. Both a- 
lactalbumin and P-lactoglobulin have been shown to bind via inter- 
molecular disulfide bridges to the surface of the milk fat globule on 
heating milk at 65-85°C (Dalgleish and Banks, 1991; Houlihan et al., 
1992; Corredig and Dalgleish, 1996b). Whey proteins in whole milk 
have more affinity for the MFGM than for the casein micelle surface 
(Corredig and Dalgleish, 1996b). Phospholipids migrate from the 
fat globules to the aqueous phase during heating, to some extent 
(Houlihan et al., 1992). 

When whole milk is homogenized before heating, the fat globules 
behave differently during and after heating from natural milk fat glob- 
ules. The membranes of the homogenized globules have a different 
composition, and the size of the globules is smaller. The subsequent 
heating of homogenized milk causes complex formation between whey 
proteins and the casein adsorbed on the fat globule surface. Homoge- 
nized fat globules act as large casein micelles because of the casein in 
their new membranes and thus participate in any reaction of the 
caseins, as stated earlier (van Boekel and Walstra, 1989). When whole 
milk is heated before homogenization, the whey proteins are denatured 
(if the temperature is >7OoC) and interact with both the K-casein of 
casein micelles (at the natural pH) and the native fat globule mem- 
brane (Dalgleish and Banks, 1991). During subsequent homogeniza- 
tion, the micellar complex of casein and whey protein will adsorb on 
to the newly created fat surfaces (Sharma and Dalgleish, 1994). Com- 
petition between the caseins and whey proteins for the fat surface will 
be small or even absent. These two treatments, homogenization and 
heat treatment, cause major variations in the quality of processed dairy 
products such as evaporated and sweetened condensed milk (van 
Boekel and Walstra, 1989). 

1.5.2.3 Changes in Milk Salts. Milk salts exist in an equilibrium 
between the soluble and colloidal phases of milk, and this distribution 
is affected by heat treatment of the milk (Walstra and Jenness, 1984). 
Heating milk causes transfer of calcium and phosphate from the 
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soluble to the colloidal state. On subsequent cooling, some of the 
indigenous or heat-precipita ted calcium phosphate may redissolve, 
especially if the heating temperatures are less than 85°C. However, 
after heating at higher temperatures, the precipitated material does not 
resolubilize. The decrease in soluble calcium, phosphate, and citrate 
during heating in the temperature range 70-90°C involves two steps 
(Pouliot et al., 1989). The majority of the decrease takes place during 
the first minute of heating, after which a small decrease occurs over an 
extended period of time (up to 120min). Heat treatments have little 
effect on the monovalent ions Na+, K', and C1-. It is not known what 
subsequent effects these changes in the equilibria of salts and ions have 
on the processing properties of milk. 

1.5.2.4 Changes in Lactose. Lactose can interact with proteins 
during heat treatment of the milk, involving the Maillard reaction. This 
reaction involves condensation of lactose with the free amino groups 
of protein, with subsequent rearrangements and degradations leading 
to a variety of brown-colored compounds. Manifestations of the 
Maillard reactions, which are important in milk products, include brown 
color, off-flavor, loss of available lysine, lowered nutritional value, 
reduced digestibility, and reduced solubility. The rate of reaction is 
strongly dependent on pH, time, and temperature of heating, water 
activity, and temperature during storage. Besides this, lactose may iso- 
merize into other sugars (e.g., lactulose). If the temperature of heating 
is greater than 10O"C, lactose can be converted to acids, especially 
formic acid, thereby decreasing the pH of the milk. 

1.5.3 Concentration 

Milk is normally concentrated by evaporation or ultrafiltration. 
Evaporation is normally carried out at temperatures between 50°C and 
70°C. In addition to concentration, evaporation causes numerous other 
changes in the milk system (Sirigh and Newstead, 1992).The pH of rrzilk 
decreases during concentration from an average initial value of 6.7 to 
approximately 6.3 at 45% total solids. This is partly due to changes in 
salt equilibria as more calcium phosphate is transferred from the 
soluble to the colloidal state, with a concomitant release of hydrogen 
ions. Le Graet and Brule (1982) showed that when milk is concentrated 
about fivefold by evaporation, soluble calcium and soluble phosphate 
increase by a factor of about two, the remainder of the soluble calcium 
and phosphate being transformed into the colloidal state. The activity 
of calcium ions increases only slightly, but the ratio of monovalent to 
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divalent cations increases markedly (Nieuwenhuijse et al., 1988). There 
is no significant denaturation of P-lactoglobulin or immunoglobulin 
G during evaporation of skim milk to 45% total solids, whereas some 
denaturation of a-lactalbumin may occur (Oldfield, 1997). During 
evaporation, there is an increase in the amounts of 0-lactoglobulin and 
a-lactalbumin associated with the micelles. Casein micelles may 
increase in size due to the increase in colloidal calcium phosphate or 
due to coalescence of the micelles (Walstra and Jenness, 1984). The 
sensitivity of casein micelles to heat increases with increasing concen- 
tration. Maillard browning and the insolubilization of protein begin 
to occur if the concentration factor is too high, particularly at high 
temperatures. 

Under normal conditions with the evaporation temperatures below 
70"C, the alterations to the proteins are likely to be minor compared 
with those incurred during heating. 

Concentration of skim milk by ultrafiltration results in an increase 
in fat, protein, and colloidal salts. The ultrafiltration temperature has 
an impact on the composition of the concentrate, with higher temper- 
atures resulting in higher permeation rates and lower retention of 
lower-molecular-weight components. 

Examination of casein micelles in ultrafiltration concentrates by 
electron microscopy shows that significant differences, compared with 
the micelles in unconcentrated milk, occur. In skim milk at a volume 
concentration factor of 5 ,  the average diameter of the casein particles 
appears to be smaller (Srilaorkul et al., 1991). Milk protein concen- 
trates are more susceptible to heat denaturation of whey proteins. For 
instance, when heat treatment at 75°C for 5min is applied, the denat- 
uration degree increases from 31 % in skim milk to 64% in ultrafiltra- 
tion retentate at a concentration factor of 4.4: 1 (McMahon et al., 1993). 
However, Waungana et al. (1996) found no noticeable difference in p- 
lactoglobulin denaturation between normal and twofold ultrafiltration- 
concentrated skim milk. 

Concentrate produced by ultrafiltration is more heat stable than 
conventional skim milk concentrate prepared by evaporation 
(Sweetsur and Muir, 1980). Milk proteins and colloidal salts of calcium 
and phosphates are concentrated by ultrafiltration and therefore 
exert an increased buffering effect (Brule et al., 1979; Covacevich and 
Kosikowski, 1979). This increased buffering capacity of the milk may 
slow the rate of pH reduction in cheese made using ultrafiltered milk. 
The buffering effect of skim milk ultrafiltrate can be reduced signifi- 
cantly, with the removal of more of the minerals, by carrying out the 
ultrafiltration in the cold (4°C) and at pH 5.3 (St. Gelias et al., 1992). 
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1.5.4 Spray Drying 

Little work has been reported on the changes induced in milk systems 
by drying. Atomization of the concentrate gives a large surface area 
over which drying can take place. The droplets are sprayed into the 
main drying chamber and are intimately mixed with dry heated air 
(180-220°C). Drying is usually very rapid, and the temperature of the 
milk droplets does not exceed 70°C until they have lost almost all their 
water. The temperature of the droplets approaches that of the outlet 
air as the drying process nears completion. For this reason, the outlet 
air temperature is a critical parameter controlling heat damage to dry 
milk products. The heat exposure of milk during spray drying may vary 
considerably, depending on the design of the drier, the operating con- 
ditions, and the length of time the powder is held before cooling. The 
native properties of the milk components are essentially unmodified by 
moderate drying conditions. The normal size distribution of the casein 
micelles and their heat stabilities and renneting characteristics are 
substantially recovered on reconstitution of spray-dried milk. 

Under normal spray-drying conditions, whey protein denaturation is 
negligible and most enzymes remain active (Walstra and Jenness, 1984). 
Oldfield ( 1997) found no apparent denaturation of immunoglobulin G 
and only a small loss of BSA (3-7%) during the spray drying of skim 
milk. 

Changes may occur in the salts equilibria during spray drying. The 
process of drying would be expected to produce the same types of 
changes in salts equilibria as evaporation-that is, an increase in CCP 
and a decrease in pH. It has been shown that the concentrations of 
soluble calcium and soluble phosphate and the calcium ion activity in 
reconstituted skim milk are about 20% lower than those in the origi- 
nal milk (Le Graet and Brule, 1982). 

When whole milk is spray dried, disruption of fat globules may occur 
during nozzle atomization, because the applied pressures are com- 
parable with that used in homogenizers. 

1.5.5 Acidification 

Milk can be acidified by bacterial cultures (which ferment lactose to 
lactic acid), by the addition of chemical acids such as HCI, or by the 
use of glucono-&lactone (GDL) where the hydrolysis of GDL to glu- 
conic acid results in a reduction in pH. Acid-induced coagulation and 
gel formation in milk have been reviewed recently by Lucey and Singh 
(1 998). 
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During acidification of milk, many of the physicochemical proper- 
ties of casein micelles undergo considerable change, especially in the 
p H  range from 5.5 to 5.0. As the pH of milk is reduced, CCP is dis- 
solved and the caseins are dissociated into the milk serum phase (Roefs 
et al., 1985; Dalgleish and Law, 1988). The extent of dissociation of 
caseins is dependent on the temperature of acidification: At  30°C, a 
decrease in pH causes virtually no dissociation; at 4"C, about 40% of 
the caseins are dissociated in the serum at pH -5.5 (Dalgleish and Law, 
1988). Aggregation of casein occurs as the isoelectric point (pH 4.6) is 
approached. Apparently little change in the average hydrodynamic 
diameter of casein micelles occurs during acidification of milk to pH 
-5.0 (Roefs et al., 1985). The lack o€ change in the size of the micelles 
on reducing the p H  of milk to 5.5 may be due to concomitant swelling 
of the particles as CCP is solubilized 

Heat treatment of milk prior to acidification has little effect on the 
extent of solubilization of CCP (Singh et al., 1996). When acidification 
is carried out at 5"C, more caseins dissociate from the micelles in heated 
milks than in unheated milks; the rekerse occurred when milks are acid- 
ified at 22°C (Singh et al., 1996). 

The exact nature of the casein paiticles that exist in acidified milk is 
uncertain. At  pH around 5.3, most of  the CCP in the micelles is solu- 
bilized, the native charges on individual caseins are reduced, and the 
ionic strength of the solution increases. It is expected that the forces 
responsible for the integrity of these "micelle-like" CCP-depleted 
casein particles would be considerably different from those in native 
micelles even if the average hydrcjdynamic diameter appears to be 
largely unchanged. Hydrophobic and electrostatic interactions are also 
important for the stability of these casein particles as evidenced by the 
temperature and pH dependence of the dissociation of caseins (Lucey 
et al., 1997). Thus, the casein particles that aggregate to form an acid- 
induced gel would appear to be very different from native casein 
micelles. 

1.5.6 Rennet Coagulation 

The coagulation of milk by the spe:ific action of selected proteolytic 
enzymes, particularly rennets, form:, the basis for the manufacture of 
most cheese varieties. These rennet:, consist of the enzymes chymosin 
and pepsin, and they are traditionally prepared from the stomachs of 
calves, kids, lambs, or other mammals in which rennins are the princi- 
pal proteinases. 
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The coagulation of milk occurs in phases: a primary enzymatic phase, 
a secondary nonenzymatic phase, and a less clearly defined tertiary 
phase (Ualgleish, 1992). During the primary phase, rennet causes 
specific hydrolysis of K-casein in the region of the phenylalanine,,,,- 
methioninelo, bond, with Pheloi supplying the carboxyl group and Metlo, 
supplying the amino group, resulting in the formation of two peptides 
of contrasting physical and chemical properties. The glycomacropep- 
tide (GMP) moiety, which comprises amino acid residues 106-169, is 
hydrophilic, and it diffuses away from the casein micelle after splitting 
from K-casein and into the serum. The second peptide, para-K-casein, 
which consists of amino acid residues 1-105, is strongly hydrophobic 
and remains attached to the micelles. 

K-Casein hydrolysis during the primary phase alters the properties 
of the casein micelles, rendering them susceptible to aggregation, and 
this marks the onset of the secondary phase. Loss of GMP during the 
primary phase of renneting results in loss of about half the negative 
charge as well as surface steric repulsion of K-casein (Darling and 
Dickson, 1979; Dalgleish, 1984). Consequently, the micellar surface 
becomes more hydrophobic, due to the accumulation of para-K-casein, 
and micelle aggregation becomes possible. 

There is no clear distinction between the end of the primary phase 
and the beginning of the secondary phase because the two reactions 
overlap to some extent with some aggregation commencing before 
complete hydrolysis of K-casein (Green et al., 1978; Dalgleish, 1979; 
Chaplin and Green, 1980). However, there is a critical value of K-casein 
hydrolysis (86-88%) below which micelles cannot aggregate. The 
action of rennet can be seen as providing “hot spots” (areas on casein 
micelle surfaces from which the protective GMP moiety has been 
“shaved off”) via which the micelles can aggregate, with these reactive 
areas being produced by removal of K-casein from a sufficiently large 
area (Green and Morant, 1981; Payens, 1982). As the last of the stabi- 
lizing surface is removed (i.e., during the destruction of the final 20% 
of  the K-casein), the concentration of micelles capable of aggregation 
and the rate at which they aggregate increase rapidly. Van der Waals 
and hydrophobic and specific ion-pair interactions are thought to 
control coagulation. 

The process of gel assembly during the secondary phase of rennet 
coagulation is not well understood. The initial stages of gel formation 
appcar to involve the formation of small aggregates in which the 
micelles tend to be linked in chains that link together randomly to form 
a network (Green et al., 1978). Eventually, the network chains group 
together to form strands. The ;gel is thought to be assembled by linkage 
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of smaller aggregates rather than by addition of single particles to 
preformed chains. Initially, linkage of aggregated micelles is through 
bridges, which slowly contract with time, forcing the micelles into 
contact and eventually causing them to partly fuse. This process prob- 
ably progressively strengthens the links between micelles, giving an 
increase in curd firmness after coagulation. 

The tertiary stage involves the rearrangement of the network and 
processes such as syneresis and the nonspecific proteolysis of the 
caseins in the rennet gel (Dalgleish, 1992). 

1.6 CONCLUSIONS 

Milk is a highly versatile, perishable raw material that can be manu- 
factured into a very wide range of products. The processes that are used 
can be grouped as fractionation, concentration, and preservation. This 
classification emphasizes the versatility of milk as a multicomponent 
raw material, from which components can be selectively concentrated 
and stabilized. The processes and products described are only a pro- 
portion of those in commercial use today or in development. There are 
many more, including those minor components with specialized health 
benefits, that will become products of the future. Continued develop- 
ments in sophisticated methods for product characterization will allow 
greater understanding of the interactions of milk components at a 
molecular level during processing. 
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CHAPTER 2 

THE MICROBIOLOGY OF RAW MILK 
JAMES V. CHAMBERS 
Department of Food Science, Purdue University, West Lafayette, Indiana 

2.1 INTRODUCTION 

Milk, by its very nature, is a natural growth medium for micro- 
organisms. Normally, milk is collected from a lactating animal (most 
commonly a dairy cow) at least twice a day and is recognized as a highly 
perishable foodstuff easily subjected to microbial contamination. This 
contamination can vary widely due to milk-handling practices ranging 
from milking a few cows by hand in the out of doors to milking 3000 
cows by a complex, automated system in a well-equipped parlor. In 
countries with developing economies, it is not uncommon to find small 
quantities of nonrefrigerated milk being hauled by individual pro- 
ducers to collection centers for entry into the market. In contrast, where 
dairy farming is more advanced technologically, milk is refrigerated 
immediately after collection and stored in farm tanks until picked up 
by bulk tank drivers who deliver the milk to processing plants. Thus, 
the initial microbiological quality of milk can vary enormously. Never- 
theless, there are three basic sources of microbial contamination of 
milk: (1) from within the udder, (2) from the exterior of the teats and 
udder, and (3) from the milk handling and storage equipment. 

Milk is produced at ambient temperatures ranging from subzero 
centigrade, where it is necessary to protect milk from freezing, to above 
25"C, where refrigeration is needed. Furthermore, the duration of milk 
storage time on the farm can vary widely. Therefore, the numbers and 
types of microorganisms present when milk leaves the farm can differ, 
often unpredictably, even under apparently similar conditions. 

Dairy Microbiology Handbook, Third Edition, Edited by Richard K. Robinson 
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In most dairying areas, milk production methods, equipment, and 
on-farm storage have improved over time. However, udder disease 
remains widespread because of the presence of mastitis-associated 
microorganisms. Refrigeration on the farm all too often masks the 
effects of unsanitary practices, including the use of inadequately 
cleaned and sanitized milking equipment. As a result, the microbiolog- 
ical quality of raw milk supplies produced under apparently good san- 
itary conditions and stored uinder adequate refrigeration may produce 
off-flavors, yield poor product, and present a risk of food-borne infec- 
tions to the consumer. Factors influencing the microbiological quality 
of raw milk were reviewed in a bulletin issued by the International 
Dairy Federation (1980). 

2.2 THE INITIAL MICROFLORA OF RAW MILK 

The numbers and types of microorganisms in milk immediately after 
production (i.e., the initial microflora) directly reflect microbial conta- 
mination during production, collection, and handling. The microflora 
in the milk when it leaves the farm is influenced significantly by the 
storage temperature and the elapsed time after collection. Where milk 
is stored at 14”C, this low temperature normally will delay bacterial 
multiplication for at least 24h. The microflora, therefore, is similar to 
that present initially. However, if unsanitary conditions exist with the 
milking equipment or storage tank, the low temperature could mask 
these conditions. 

A useful indicator for monitoring the sanitary conditions present 
during the production, collection, and handling of raw milk is the 
“total” bacterial count or standard plate count (SPC).The SPC is deter- 
mined by plating (or using equivalent procedures) on a standardized 
plate count agar followed by aerobic incubation for 2 or 3 days at 
32°C or 30”C, respectively. Microorganisms failing to form colonies, of 
course, will not be counted. The SPC does not indicate the source(s) 
of bacterial contamination or the identity of production deficiencies 
leading to high counts. Its sole value is to indicate changes in the 
production, collection, handling, and storage environment. Follow-up 
microbial assessments for psychrotrophs or thermoduric bacteria, 
spore-forming bacteria, streptococci, and coliforms can assist in deter- 
mining of sanitary deficiencies. 

Certain groups can be enumerated selectively. For example, psy- 
chrotrophs can be counted either by incubating SPC plates for 10 days 
at 5-7°C or by using a preliminary incubation of the raw milk at 13°C 
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for 16h followed by performing the SPC procedure. Thermoduric 
bacteria can be determined by laboratory pasteurization of milk before 
plating. Selective or diagnostic media can be used for coliforms, lactic 
acid bacteria, mastitis pathogens, Gram-negative rods (GNRs), lipoly- 
tic, proteolytic and caseinolytic microbial types, and so on. An increased 
number of automated methods now are being employed for plating 
and enumerating bacteria. Also, rapid quantifying techniques are being 
used, such as the direct epifluorescent filtration technique (Pettipher et 
al., 1980), adenosine triphosphate method, and impedance measure- 
ments (Phillips and Griffiths, 1985). 

2.2.1 Total Raw Milk Bacterial Content via the SPC Method 

SPC values for raw milk can range from <1000ml-', where contamina- 
tion during production is minimal, to >1 x 10hml-'. The microorganisms 
present may be derived from one or any combination of the three main 
sources of contamination previously identified. Consequently, high 
initial SPC values (e.g., >100,000ml-') are evidence of serious deficien- 
cies in production hygiene, whereas SPC values of <20,000ml-' reflect 
good sanitary practices (International Dairy Federation, 1974). 

In many countries, a standard for Grade A (or Grade 1) raw milk is 
an SPC of <1 x 10'ml-' for milk intended for heat treatment before 
consumption. For milk that is to be consumed raw, a more stringent 
standard generally is required because consumers of raw milk are at a 
greater risk for contracting a milk-borne illness such as salmonellosis. 
In some countries, standards adopted may depend on whether milk is 
refrigerated or merely water-cooled. For example, in North America, 
SPC values of <I x 106ml-] or equivalent are acceptable for manufac- 
turing grade milk. In contrast, the United Kingdom makes no distinc- 
tion between raw milk marketed for manufacture and that marketed 
for fluid consumption. 

In the United Kingdom, the payment system for the producer 
includes bonuses relating to the SPC of the milk supplied. This is deter- 
mined as an average (with some exceptions) of four measurements 
made in each 4-week period. Milk with an SPC <2 x 104ml-' is classi- 
fied as Band A, and the producer receives a 0.23~1-' bonus. Milk with 
an SPC between 2 x lo4 and 1 x 105ml-' is classified as Band B, and the 
producer receives no bonus. A producer of Band C milk, which has an 
SPC over 1 x lo5 ml-', is penalized 1.5 pl-' for exceeding the maximum 
allowed limit; 6.0~1-' for a sequential 6-month violation; and 10pl-' for 
a continuation of the violation after 6 months from the previously 
reported SPC (J. Marshall, 1991). The producer and milk volume dis- 



42 THE MICROBIOLOGY OF RAW MILK 

TABLE 2.1. Average Percentage of Producers in England and Wales and Total 
Volume of Milk in Each Quality Band from April 1987 to March 1988 

Band A: Band 3: Band C: 
<20,000 >20,000- 100,000 >100,000 

Percentagr of Producers 

Average: 75.5 22.6 
Monthly range: 70.4-83.6 14.7-27.9 

1.9 
0.9-3.0 

Total Milk 

Volume %: 83.0 16.2 0.8 
Monthly range: 8.10-89.7 9 .6-20.8 0.4-1.4 

tribution for England and Wales and the respective band payment cat- 
egories are shown in Table 2.1. Table 2.1 shows the average weighted 
SPC for all milk to be 16,000 (range 12,000-18,000ml-'). Also shown is 
an improvement in hygienic quality over those reported by Panes et al. 
(1979), where 333 farms were sampled over a year, with 86.4% of the 
producers having SPCs of ~100,00Oml-', compared to the above 98.1 % 
of producers. 

In contrast to the UK system, milk handlers in the United States pay 
premiums based on seven basic criteria. Within the "quality incentive" 
programs, payments are made over the market's class of utilization 
price per lOOlb of milk. Like the UK system, the US program debits 
the dairy producer for underperformance. Table 2.2 presents an incen- 
tive program used by a US midwest regional milk cooperative for the 
distribution of quality incentive paymentddebits to its members. In 
terms of Grade A milk utilization in the upper midwest region, fluid 
milk represents 14.5%; creamed products, fermented products, cottage 
cheese, and frozen desserts represent 3.4%; cheese, butter and milk 
powder represent 81 %; and butterfat and nonfat milk solids represent 
1. I % (AMS, USDA, 2000). 

2.2.2 Types of Microorganisms Present in Raw Milk 

Table 2.3 summarizes the main groups of mesophilic (30-32"C), aerobic 
microorganisms and their respective genera and species that comprise 
the microflora commonly found in raw milk taken from individual 
farms located in the United Kingdom. The microorganisms are identi- 
fied from isolates from SPC agar following a relatively simple scheme 
used to characterize these isolates based on morphology, reaction to 
Gram stain, catalase production, and formation of acid and gas in 
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TABLE 2.4. Incidence of Main Groups of 
Microorganisms in Low Count Raw Milk 

Incidence 
Group ( Y o >  

Micrococcus 30-99 
Streptococci 0-50 
Asporogenous Gram-positive rods 4 0  
GNRs (includes coliforms) <10 
Bacillus spores 4 0  
Miscellaneous (includes streptomycetes) <10 

McConkey’s broth as first described by Carreira et al. (1955). This 
scheme is widely used and provides useful information such as the 
survey data shown in Table 2.4. These data taken from low count raw 
milk of 4 0 0 0  colony-forming units (cfu) ml-’ indicate that a micrococci 
and streptococci population dominate the microflora present. In such 
milk, minimal bacterial contamination from the exterior of the udder 
and from milking equipment is reflected in the presence of those bac- 
teria commonly associated with the normal udder and teat skin flora. 
Similar findings are reported in the United States by Dorner (1930). 
The information shown in Table 2.4 not only applies to low count milk 
samples from individual farms, but also is representative of most UK 
farms (Thomas et al., 1962; Jackson and Clegg, 1966; Thomas, 1974b). 

It has been observed that as SPCs increase, the dynamics of the 
microfloral population shifts. That is, usually an increase in the GNRs 
begin to dominate the microflora at the expense of the micrococci. In 
most cases, an SPC increase correlates well with unsanitary conditions 
existing within the milk collection and handling system in the milk 
house. Considerable variation in the incidence of thermoduric organ- 
isms and psychrotrophs in fresh, raw milk has been reported. Some dif- 
ferences may be regional or seasonal. Other differences are associated 
with methods of cleaning and disinfecting on farms. Some variation 
may be accounted for by differences in methods of performing labo- 
ratory pasteurization for the estimation of thermoduric counts. Time 
and temperature of incubation of media may account for other varia- 
tions in both thermoduric and psychrotrophic counts (Thomas and 
Thomas, 1975). 

2.2.2.1 The Thermoduric Microflora. The genera surviving labora- 
tory pasteurization are shown in Table 2.5. Microbacterium lacticum 
and bacterial spores normally show 100 % survival: some Micrococcus 
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TABLE 2.5. Thermoduric and Psychrotrophic 
Microorganisms in Raw Milk 

Thermoduric Genera" Psychrotrophic Genera" 

Micro hacteriuni Acinetohucter- Moruxelltr 
Micrococcics Flavohacterium 
Racillits sp o yes 
Clostridiiinz spores A lcaligenes 
A Icaligeties Bncillus 

Entero hucter 

Arthrohncter 

"Survive heating at 63°C for 30min. 
"Visihlc growth at 5-7°C in 7710 days. 

spp. are slightly less heat resistant; and only 1-10% of strains of Alcali- 
genes toierans can survive. Species of streptococci (e.g., Enterobacter 
faecalis), lactobacilli, and some corynebacteria are heat resistant, 
surviving 60°C for as long as 20min, but only a small percentage, an 
estimated <1%, normally survives 63°C for 30min. Most incidences 
of coliforms and Escherichia coli found in milk after pasteurization 
usually can be attributed to postpasteurization contamination in the 
storage and/or filling steps. However, one must go back to the early 
work of Olson, Macy, and Hadvorson (19.52) to appreciate the thermal 
resistance of E. coli. These researchers reported that the growth con- 
ditions existing in the collecting and cooling (specifically the storage 
temperature) of raw milk could influence the thermal resistance of this 
bacterium (e.g., higher growth temperatures promoted greater thermal 
resistance properties). Thus, the z-value term was introduced, and 
adjustments to the pasteurization temperatures above 63°C were made 
to assure adequate destruction of E. coli. In contrast, the Bacillus spore 
content of raw milk rarely exceeds .5000ml-1, and the Bacillus spore 
generally is present in higher numbers during winter than in summer. 
This is because these bacteria dominate the milk's microflora during 
winter and are derived largely from surfaces of teats that have been in 
contact with bedding materials and soil associated with the housing of 
the dairy herd (see Section 2.3.3 on the microflora of the exterior teats 
and udder). 

Ridgeway (195.5) found that 12% of farm milk supplies from winter- 
housed dairy herds demonstrated spore counts of >100ml-', and the 
counts were much lower in the summer months. Bacillus licheniformis 
is the most common specie present while Bacillus cereus is found only 
sporadically in bulk tank milk. Milk cans are known to be a primary 
source of B. cereus spores in milk. 
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In contrast to spores, micrococci and Microbacterium spp. are 
derived almost exclusively from milking equipment that is sometimes 
so heavily contaminated with these bacteria (most likely from the 
presence of biofilm) that thermoduric counts in the milk often exceed 
5 x 1O4rnl-'. Most thermoduric organisms do not multiply appreciably 
in raw milk even at ambient temperatures, thus a high thermoduric 
count in milk held up to 24 h could be reliable evidence of gross con- 
tamination from milking equipment. For this reason, the thermoduric 
or laboratory pasteurization count has been proposed in the United 
Kingdom. However, it is reported that there is a weak correlation 
between the SPC and the thermoduric count when used as an indica- 
tor of poorly cleaned milking equipment (Luck, 1972). 

Panes et al. (1979) found a correlation of 0.65 between thermoduric 
and SPCs when the geometric means were compared for 12 monthly 
samples from approximately 350 individual farms. When analyzing the 
individual milk samples, 16.4%, 10.9%, and 2.7% demonstrated ther- 
moduric counts of 5 x lo3, 1 x lo4, and 1 x 105ml-', respectively, with 
an overall geometric mean thermoduric count of a low 750ml-'. This 
represents about 4% of the geometric mean of the initial SPCs. From 
these data, there is no evidence of thermoduric counts being higher in 
summer than in winter. Milk delivered in cans had higher thermoduric 
counts than milk collected from refrigerated bulk tanks (Thomas et al., 
1967), but it is suggested that this may be due to lower levels of ther- 
moduric organisms in the milking machines of bulk tank producers, 
rather than due to contamination from the milk cans. 

In contrast, the US dairy industry seldom uses the thermo- 
duric count, but rather employs the preincubation of raw milk at 13°C 
for 16h followed by the SPC procedure to estimate psychrotrophic 
numbers. 

Spores of Clostridium spp. demonstrate heat resistance and normally 
are detected in raw milk that has been heated to destroy bacteria in 
the vegetative state. As previously mentioned, isolation and detection 
of the Clostridium spp. require the use of suitable media and an anaer- 
obic incubation environment. Clostridial spore counts are found to be 
highest in winter because they originate mainly from silage used 
for winter feeding and bedding materials (see Section 2.3.3). When 
numbers of spores of Clostridium tyrobutyricum, associated with bad 
silage, are present in milk in excess of 1 spore ml-', industrial experi- 
ence suggests that the milk may be unsuitable for making Gruykre and 
Emmenthal cheese. After cows are on pasture, clostridial spore counts 
decline and usually are <1 ml-I. It is reported that Clostridium does not 
multiply in raw milk (Goudkov and Sharpe, 1965). 
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2.2.2.2 The Psychrotrophic Microflora. Psychrotrophic microflora 
are those microorganisms that can thrive under refrigerated tem- 
peratures (3-7°C). An excellent review about the psychrotrophs 
found in milk and dairy products is given by Cousin (1982). The 
most commonly occurring psychrotrophs in raw milk are the GNRs 
(Table 2.5). Pseudomonas spp. accounts for at least 50% of the GNRs, 
with Pseudomonas jluorescens predominating; other species include 
Pseudomonas putida, Pseudomonas fragi, and Pseudomonas Aerugi- 
nosa. Flavobacterium, Acinetobacter- Moraxella, Achromo  bacter, Alcali- 
genes, Chromobacteriurn, Aeromonas, Klebsiella, and the coliform 
group comprise most of the remaining psychrotrophic GNRs (Witter, 
1961 ; Juffs, 1973; Cousin, 1982). Some of these psychrotrophs, when 
growing in refrigerated milk, produce extracellular, heat-stable lipases 
that contribute to the development of a rancid flavor, as well as pro- 
teinases that degrade casein. Even among strains of one specie there 
can be considerable variation in activity such as Pseudomonas ~ I L L O -  
rescens, which in most cases produces both lipolytic and caseinolytic 
enzymes. The Gram-negative psychrotrophs are destroyed by pasteur- 
ization, but their enzymes remain active. As a consequence, these bac- 
teria are of considerable importance in manufactured milk products 
and are most commonly associated with postpasteurization contami- 
nation (Phillips et al., 1981; Cousin, 1982). 

The incidence of psychrotrophic strains of the Bacillus spp. contain- 
ing spores in individual producer milk is low, seldom exceeding 10ml-'. 
Those species found in raw milk include B. coagulans, B. circulars, B. 
cereus, B. pumilus ,  and B. subtilis (Witter, 1961; Juffs, 1973; Mikolajcik, 
2979; Cousin. 1982; McKinnon and Pettipher, 1983). Arthrobacter 
and other Gram-positive species (e.g., streptococci) also have been 
reported as associated with raw milk's psychrotrophic microflora. 
The psychrotrophic microflora derived from teat surfaces are a poorly 
defined, relatively inactive group that includes microbial spores, 
corynebacteria, and GNRs. Inadequate cleaning and disinfecting 
of milking equipment continue to be the main reasons for the psy- 
chrotrophic GNRs in raw milk. On average, they comprise between 10 
and 50% of the initial SPC, but with individual milk samples, the GNRs 
may be found to be an even higher percentage of the milk's microflora. 
Panes et al. (1979) found a correlation coefficient of 0.66 between the 
psychrotrophic counts and SPCs of bulk tank milk samples when the 
numerical means for individual farms were compared. In this survey, 
the geometric mean psychrotrophic count of 1305 ml-' was only 7% of 
the geometric mean of the SPC of -20,00Oml-'. But, 25% of the 5000 
samples examined yielded psychrotroph counts of >5OOO ml-', and 25 Yo 
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of farms had at least one psychrotrophic count of >50,00Ornl-' during 
the course of a year. Survey results for similar studies are reported 
by Luck (1972) and Mikolajcik (1979). Later, Griffiths et al. (1984) 
described a preincubation test permitting the more rapid enumeration 
of psychrophiles within 26 h. 

2.2.2.3 Coliform Bacteria. Incidences of coliforms belonging to the 
genera Enterbacter and E. coli in raw milk have received consider- 
able attention. This attention is partly because of their association with 
contamination from a fecal origin and the consequent risk of other 
pathogenic, fecal-associated microorganisms being present and partly 
because of the spoilage their growth in milk can produce at ambient 
temperatures. 

It is now well recognized that the presence of coliforms in raw milk 
is not evidence of direct fecal contamination and should not be relied 
upon to detect inadequate udder cleaning prior to milking. Coliforms 
can rapidly build up in moist, milky residues (biofilms) on milking 
equipment and then become a major source for contamination of the 
milk being collected. However, relatively low coliform counts in milk 
do not necessarily indicate effective cleaning and disinfecting of equip- 
ment. Coliform counts regularly in excess of 100ml-' are considered by 
some sanitarians to be evidence of unsatisfactory production practices 
leading to environmental contamination of milk. However, a sporadic 
high coliform count could be related to an unrecognized coliform mas- 
titis condition in the dairy herd. In the United States, a sediment pad 
test for milk samples taken from the farm bulk tank is used in lieu of 
the coliform count for assessing the dairy herd's teat and udder prepa- 
ration prior to milking (USDHHS, 1999). 

Some species of the genera making up the coliform group of bacte- 
ria are psychrotrophic (Table 2.5) and constitute 10-30% of the raw 
milk microflora isolated at 57°C.  The majority of these coliforms are 
the Aerobacter spp. (Thomas and Druce, 1972). 

Although coliforms are relatively ubiquitous in the environment, 
their presence can be useful in assessing water supplies for dairy pro- 
duction and milk collection activities. In the United States, it is a Public 
Health requirement that water supplies be tested every 3 years for the 
presence of coliforms (USDHHS, 1999). By using the most probable 
number (MPN) or membrane filter method for quantifying coliforms, 
an analyzed sample of 100ml of water may not have more than 1.1 MPN 
or lcfu on a membrane filter to be considered an acceptable potable 
water supply. 
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2.3 
CONTENT OF RAW MILK 

BIOSECURITY, UDDER DISEASE, AND BACTERIAL 

Since humankind began collecting milk from domesticated lactating 
animals, biosecurity and udder diseaseimastitis have been constant 
animal health concerns. For many years, researchers have studied dairy 
herds and individual cows to gain insights into the causative factors 
contributing to herd health problems. Their findings reveal three 
common factors: (1) the health and lactation stage of the animal, 
(2) the production environmental conditions, and (3) the collection 
practices. 

With the current trend in the United States toward expanding the 
number of cows in dairy herds, biosecurity has become a major concern 
as new cows are introduced into the milking herd. To address this 
concern, most farm managers are using a quarantined milking unit to 
screen incoming cows. Issues, of antibiotics, vaccinations. reproduction, 
udder health, and abomasal disorders are assessed in this unit before 
cows are moved into the main milking unit(s). Animals failing to meet 
the defined health requirements are removed from the herd. While 
there is an initial expense during the screening process, major herd 
health problems can be averted and protocols can be established to 
assure the expected productivity of the herd. But, even with healthy 
cows, dairy producers continue to encounter the challenges of mastitis 
in the herd. 

It has been observed that the bacterial content of raw milk can be 
influenced by the presence of mastitis among dairy producing animals 
(Bramley et al., 1984). Usually, mastitis, or udder inflammation, is a con- 
sequence of bacterial infection and is responsible for considerable eco- 
nomic loss due to lower milk yields (Bramley and Dodd, 1984). Mastitis 
may be present in a clinical form, in which macroscopic changes to the 
milk or udder are readily detectable at the time of milking (Figure 2.1), 
but is more commonly present as a subclinical condition in which both 
milk and udder appear normal. Subclinical mastitis can be diagnosed 
only by testing milk samples, the results of which reveal the presence 
of pathogenic bacteria (Figure 2.2), an increased somatic cell count 
(SCC), or a variety of biochemical changes which are signs of udder 
disease (Wheelock et al., 1966; Schalm et al., 1971). These composi- 
tional changes largely reflect an increased movement of blood com- 
ponents into the milk during inflammation. The milk from infected 
quarters contains increased concentrations of anti-trypsin, bovine 
serum albumin, immunoglobulin, and sodium and chloride ions, 
whereas concentrations of lactose and potassium are reduced. 
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Figure 2.1. Withdrawal of foremilk from an udder quarter infected with clinical 
mastitis, demonstrating severe clotting of the secretion. 

Figure 2.2. Microscopic appearance of milk from an udder quarter subclinically 
infected with Staphylococcus uureus, showing infecting cocci, fibrin, and increased 
leucocyte count. 
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The mastitis infection process involves a pathogen carrier source, 
means of transfer, the opportunity to invade, and a susceptible host. 
This process begins with teat end penetration, usually during milking, 
followed by microbial attachment to the tissue of the teat cistern. 
Microorganisms enter the udder through the duct at the teat tip. The 
duct varies in length from 5mm to 14mm, and its surface is heavily 
keratinised. This keratin layer retains milk residues and exhibits anti- 
bacterial activity (Collins et al., 1988). Teat end damage due to injury 
is known to defeat the protective barrier the teat duct provides. Pene- 
tration of the teat duct by microorganisms continues to be a subject for 
much research, but it has been shown that under certain conditions the 
milking machine can be responsible for propelling bacteria through 
the teat duct (Thiel et al., 1973; Bramley, 1987a). However, because 
mastitis can occur among beef cattle, other mechanisms such as growth 
of the bacteria through the duct may exist. Certain species of bacteria, 
most notably Staphylococcus aureus, readily colonize the teat duct, 
particularly in the region of the teat orifice. Teat orifice colonization 
may persist for many weeks without the bacteria penetrating to the teat 
sinus. Once penetration has occurred, an adaptation to the new envi- 
ronment takes place followed by growth and the release of toxins. This 
results in the conditon known as mastitis (NMC, 1978; Peterson and 
Quis, 1981; Schalm et al., 1971; Smith, 1977). 

A survey of approximately 500 British herds in 1977 suggests that 
at least one-third of dairy cattle were infected (Anonymous, 1979). 
Clinical mastitis incidences relating directly to increased SPCs are sum- 
marized by Booth (1988) and by Jeffery and Wilson (1987). Booth‘s 
data indicate a mean value of 3.5 cases/100 cowdyear. However, values 
can differ considerably between herds. Of 754 farm bulk milk samples 
with SPCs above 45,000/ml, 43.8% contained a microflora dominated 
by mastitis-associated bacteria (Jeffery and Wilson, 1987). 

Similar surveys have been conducted in the United States. Findings 
summarized by the NMC (1978) indicate that 50% of dairy cows are 
“infected with pathogenic organisms in an average of 2 quarters per 
cow.” Of these infections, 75% are nonclinical cases, 24% are mild cases, 
and 1 %  are severe cases. 

Infections with Staphylococcus aureus, Streptococcus agulactiae, 
Streptococcus uheris, Streptococcus dysgalactiae, or Escherichia coli result 
in the greatest economic loss. In contrast, Corynehacteriurn bovis and 
coagulase-negative micrococci commonly are present in milk samples 
collected aseptically, but rarely reduce milk yield (Bramley, 197.5). 

Streptococcus agalactiue and Staphylococcus aureus are most 
commonly implicated in mastitis and are transferred between udder 
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quarters and cows primarily during milking. As bacteria are secreted 
into the milk, the milking clusters, milkers’ hands, udder cloths, and so 
on, become contaminated and serve as vehicles for transferring disease 
among the herd. The significance of the diseased udder as the source 
of the organism has been demonstrated very clearly for Streptococcus 
agalactiae, which can be eradicated from a herd following its elimina- 
tion from infected udders. There are data to suggest that the same may 
be true for Staphylococcus aureus, although a variety of extramammary 
sources of this bacterium exist on parts of the cow, including the vagina 
and tonsils. Both Streptococcus agalactiae and Staphylococcus aureus 
may be transferred from humans to cattle, but only rarely do these 
human infections act as significant sources for intramammary disease 
(see Section 2.3.1 on pathogens for humans in raw milk). 

Other mastitis pathogens are less dependent on the milking process 
for their dissemination within the herd. Most significant among these 
are Streptococcus uberis, Escherichia coli, and Mycoplasma. Strepto- 
coccus uberis has been isolated from the lips, teats, rumen, belly, vulva, 
and rectum of the cow and also may be found in large numbers in 
bedding (Bramley et al., 1979). Bedding and feces serve as primary 
sources of E.  coli contamination (Bramley and Neave, 1975). 
Mycoplasma has become a mastitis concern, particularly with expand- 
ing dairy herds (Morin, 1998). The infected mammary gland is the 
primary source for this pathogen. 

Many countries employ control systems to reduce the incidence of 
bovine mastitis. The systems can be divided into two types. In the 
United Kingdom, United States, Australia, and other countries, control 
measures are based upon the application of a disinfecting teat dip after 
milking and the treatment of all udder quarters with antibiotics at 
drying-off. Oliver et al. (1992) suggest that an intramammary infusion 
of cloxacillin or cephapirin 7 days before calving can reduce mastitis 
incidences in the early stages of lactation. Treatment with antibiotics 
at drying-off and 7 days before calving acts both prophylactically, 
to prevent new udder disease arising when the cow is not milked, 
and therapeutically, to eliminate existing subclinical mastitis when 
dry and during early lactation. Levels of udder disease have been 
markedly reduced with this management approach (Figure 2.3), and 
Streptococcus agalactiae has been eradicated from many herds (Wilson 
and Kingwill, 1975). 

Proper sanitary preparation of the cow’s teats prior to milking and 
postmilking teat disinfecting help to reduce the transfer of bacteria 
during milking and to destroy pathogens left on the teat skin at the end 
of milking. It is during this time that the teat orifice is open, and the 
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Figure 2.3. Reduction in the proportion of cows and udder quarters with subclinical 
mastitis in 30 herds over 3 years using a control system including postmilking teat 
dipping and using antibiotic therapy for cases of clinical mastitis and for all cows at the 
end of each lactation. [From Kingwill et al. (l979).] 

flow of milk provides the link between the environment and the intra- 
mammary gland. Preparing the teats for milking includes washing the 
teats with a combination disinfectant-detergent, such as an iodophore, 
followed by drying the teats with single-use towels. Once the milk has 
been collected, a postmilking teat dip is applied to each teat prior to 
the cow leaving the milking parlor. 

Which teat dip is most effective continues to be debated among dairy 
professionals. The NMC, at its 1994 annual meeting, formed a research 
subcommittee to examine peer-reviewed scientific literature concern- 
ing teat disinfectants. Its findings can be found on the internet website: 
www.nmconline.org/teatbibl99.htm. Essentially, seven disinfectants 
were evaluated, namely, chlorhexidine, iodine, linear dodecyl benzene, 
lauryl sulfate, quaternary ammonium compounds, sodium hypochlorite 
and iodophors. These disinfectants appear to be most effective against 
Staphylococcus aiireiis and Streptococcus agalactiae. 

An alternative approach for reducing mastitis in the United States, 
Denmark, Sweden, Switzerland,The Federal Republic of Germany, and 
other countries employs extensive laboratory facilities to detect heavily 
infected herds by bacteriological or cytological examination of bulk 
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TABLE 2.6. The Effect of Including Milk from a Cow lnferted with (a) 
Streptococcal and (b) Coliform Mastitis on the Bacterial Count of Bulk Herd Milk 

Count ml-’ of Milk x 10 ’ 
~ ~ ~ ~~~ 

(a) Streptococcal Mastitis (b) Coliform Mastitis Week 
Sample Total Somatic Total Somatic 
Taken Bacteria Streptococci Cells Bacteria Coliforms Cells 

1 6.3 0.6 174 29 0.01 213 
2 92.0 90.0 134 200 170.0 208 
3 4.1 0.5 318 35 0.02 192 

“Data from Cousins (1978). 

tank milk. This approach is similar to the one employed by managers 
of expanding dairy herds. Problem cows are examined in detail, and 
infected quarters are treated with antibiotic (Olsen, 1975). Both 
approaches, with consistent management, effectively reduce the rates 
of streptococcal and staphylococcal udder disease. These approaches, 
however, are relatively ineffective in preventing E. coli mastitis, a 
serious problem among housed cows exposed to excessive wet 
conditions. 

New udder infections arise most frequently in early lactation and in 
the period immediately following drying-off at the end of lactation. 
Certain pathogens, notably E. coli and Corynebacteriurn pyogenes, 
show marked seasonal trends. For example, E. coli mastitis is associ- 
ated closely with winter housing (Jackson and Bramley, 1983). In 
Northern Europe, C. pyogenes is one of the causative organisms of 
“summer mastitis,” a serious form of the disease prevalent among 
unmilked cows and heifers between July and September and possibly 
spread by the head fly, Zydroteae irritans (Bramley, 1987b). Infected 
quarters excrete fluctuating numbers of organisms in the milk, and gen- 
erally the highest numbers of bacteria are found in foremilk (Murphy, 
1943). While subclinical mastitis usually contributes <10,000 bacterial ml-’ 
of herd raw milk, the inclusion of milk from clinical cases can alter 
the raw milk’s bacterial content significantly. Quarters infected with 
clinical mastitis may be excreting >1 x lo7 bacteria ml-’; and this excre- 
tion, under certain circumstances, can increase the bulk milk count by 
1 x lo5 organismsml-’ (Table 2.6). This has been found to occur most 
commonly with cases of streptococcal and coliform mastitis and infre- 
quently with staphylococcal udder disease (Bramley et al., 1984). 

Mastitis pathogens survive well in raw milk cooled to 10°C or less, 
although, with the exception of Streptococcus uberis, they will not grow 
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at this temperature. Most will grow at 15°C in raw milk, but less rapidly 
than saprophytic contaminants. Bacteriological media commonly used 
for the examination of raw milk can support the growth of mastitis 
pathogens-with the exception of C. bovis, which requires the presence 
of Tween 80, oleic acid, or milk fat in the media, and Cpyogenes ,  which 
needs blood or serum and is stimulated by an atmosphere contain 10% 
carbon dioxide. 

2.3.1 

Dr. Michael Taylor is reported to be the first scientist to observe that 
contaminated raw milk could spread disease to humans. He observed 
this through epidemiological evidence relative to the spread of 
typhoid and scarlet fevers within families living in Penrith, England 
(Swithinbank and Newton, 1903). In the United States, there is similar 
epidemiological evidence that raw milk can be a vehicle for spreading 
disease (Armstrong and Parran, 1927). 

Raw milk may contain microorganisms that are pathogenic to 
humans, and their source may lie either within or outside the udder. 
Historically, the most serious human diseases disseminated by the con- 
sumption of contaminated raw milk are tuberculosis and brucellosis. 
In both diseases, the causative organisms that may be excreted in milk 
from infected animals are Mycobacterium bovis or M .  tuberculosis 
(Weir and Barbour, 1950) and Brucella abortus, B. melitensis, or B. suis 
(Smith, 1934). Often with Brucella infections, there is little change in 
the milk or udder (i.e., mastitis is not present), but, in  the case of 
tuberculosis mastitis, a pronounced and characteristic change in the 
milk and udder is observed. In many parts of the world, these diseases 
have been eradicated from cattle and no longer pose a hazard to human 
health. 

Pathogenic bacteria also may be present in raw milk as a direct 
consequence of udder disease. Among the organisms commonly pro- 
ducing mastitis, Streptococcus agalactiae, Staphylococcus aureus, and 
Escherichia coli are pathogens known to humans. Streptococcus agalac- 
tiae can initiate a variety of clinical conditions, the most serious of which 
are bacteremia and meningitis of newborns, which are potentially fatal 
to infected infants. 

However, for humans the pathogenicity of bovine strains of Strepto- 
c o c c i ~ ~  agalactiae is uncertain and is carried by a large proportion of 
the human population (Sinell, 1973). While it seems likely that the 
consumption of contaminated raw milk may play a part in infection 
of the population at large, some researchers have reported higher rates 

Pathogens for Man in Raw Milk 
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of S. agalactiae among consumers of raw milk who do not experience 
symptoms of a milk-borne illness (Hahn et al., 1970). 

Staphylococcal mastitis of the cow poses a more direct threat to 
public health because some bovine strains produce enterotoxin (Olsen 
et al., 1970). Consumption of food containing enterotoxin leads to a 
symptomatic illness, usually of approximately 24-h duration, charac- 
terized by nausea, diarrhea, and abdominal pain. The production of 
enterotoxin usually is associated with the multiplication of staphylo- 
cocci under favorable growth conditions during storage of the milk. 
Because enterotoxin is relatively heat stable (Read and Bradshaw, 
1966), subsequent pasteurization of the contaminated milk will not 
make it safe for consumption. 

High numbers of E. coli may be present in milk as a consequence of 
mastitis, and this bacterium is responsible for several diseases of man 
of varying severity. While direct links between E. coli udder infection 
and human disease have not been reported, a wide range of E. coli 
serotypes have been isolated from bovine milk, and it is probable that 
some of these are pathogenic for humans. Interestingly, microorganisms 
that have a greater pathogenicity for humans seldom produce bovine 
mastitis and yet may be present in raw milk. They include Leptospirn 
spp., Listeria monocytogenes, Bacillus cereus, Pasteurella multocida, 
Clostridium perfringens, Nocardia spp., Cryptococcus neoformans, and 
Actinomyces spp. There has been recent concern about the presence of 
L. monocytogenes in milk products, particularly in soft cheeses. While 
listeria mastitis undoubtedly can occur, the incidence is reportedly low. 
Cases can be acute, chronic, or subclinical (Gitter et al., 1980). The 
veterinary aspects of listeriosis have been reviewed by Gitter (1989). 
Additionally, Coxiella burnetii, the causative agent of Q fever, may 
infect the udder, probably by the hematogenous route and consump- 
tion of, or contact with, infected milk leading to human infection. 

Further biohazards stem from the adventitious contamination of 
raw milk by pathogenic bacteria from sources external to the udder. 
Salmonellae and thermoduric Campylohncter strains fall into this cat- 
egory and have produced many outbreaks of enteritis (Robinson et al., 
1979; Taylor et al., 1979; Werner et al., 1979). The majority of these 
strains originate either directly or indirectly from fecal contamination 
of the milk. However, it has been demonstrated experimentally that the 
udder may be infected with Salmonella typhi (Scott and Minett, 1947) 
or Campylohacter colioejuni (Lander and Gill, 1979). Human carriers 
also may be sources of infection in milk-borne outbreaks. This has been 
reported for Salmonella infections and for cases of scarlet fever or 
septic sore throat attributed to Streptococcus pyogenes (Bryan, 1969). 
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All of these pathogens are destroyed by pasteurization, except 
Clo~tritlium perfringens and Bucillus cereus, which can survive the 
pasteurization process because of their ability to sporulate. It is 
improbable, however, that C. perfringens will germinate and multiply 
under the modern-day conditions of milk storage. Most B. cereus 
food-borne illnesses are not related to the drinking of contaminated 
pasteurized milk because the growth of B. cereus will lead to the 
development of “off-flavors” and an undesirable appearance (Davies 
and Wilkinson, 1973). According to Davies and Wilkinson, the reported 
outbreaks of B. cereus food-borne illnesses in the United Kingdom 
were found to be associated with the consumption of cooked rice, 
rather than milk. 

2.3.2 Antimicrobial Systems in Milk 

Several antimicrobial systems are detectabie in milk operating either 
to protect the mammary gland from infection or to confer disease resis- 
tance to the suckling young. For a more detailed review, readers are 
referred to Craven and Williams (1985). 

2.3.2. I immunoglobulin (/g). Antibodies to potentially pathogenic 
bacteria often are present in milk. They may be produced locally within 
the udder or transferred to milk (IgG) from blood circulation. The 
primary function of these antibodies is to protect the newborn by 
passive immune transfer, but the complement/antibody system oper- 
ates within the udder to protect it from infection by strains of coliform 
bacteria that are susceptible to complement/antibody killing (Carroll 
et al., 1973). Antibodies also may serve to reduce the severity of udder 
disease-for example by neutralizing toxins released during the disease 
process or by acting as opsonins to facilitate the phagocytosis of 
bacteria by polymorphonuclear (PMN) leucocytes. Antibiotics also 
may serve to prevent adhesion of bacteria to mucosal surfaces. 

2.3.2.2 Phagocytosis. It is generally accepted that protection of the 
udder from mastitis depends primarily on phagocytosis and the killing 
of invading bacteria by the PMN cells.The SCC of milk from uninfected 
udders ranges from approximately 10 to 50 x lo5 cellsml-‘, of which 
approximately 10% are PMN. Infected quarters may excrete milk con- 
taining 10 x lo7 cells ml-’, of which 90% are PMN. The increase in the  
PMN cell content of milk associated with mastitis allows the assess- 
ment of herd levels of udder disease by measurement of the PMN cell 
expressed as SCC o€ the herd bulk milk (Westgarth, 1975). 
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Phagocytosis and killing by the PMN cell is less effective in milk 
than in blood, largely because the PMN cells ingest large quantities 
of fat and casein (Russell et al., 1977) and because of the presence of 
Staphylococcus aureus-derived protein A (Pankey et al., 1985). Protein 
A apparently blocks the attachment of the opsonins to the cell wall of 
the bacterium that is essential to the engulfment process. As a conse- 
quence of this reduced phagocytic activity, the udder is relatively easy 
to infect even by small numbers of invading bacteria. Increasing the 
PMN cell content of milk has been shown to increase resistance of 
the udder to infection (Schalm et al., 1964). Depleting the cow of PMN 
leucocytes by the use of equine antibovine PMN serum results in 
chronic subclinical staphylococcal mastitis being converted to a peracute 
gangrenous form of the disease (Schalm et al., 1976). 

One strategy being employed to improve phagocytosis of the PMN 
cell against Staphylococcus U Z L Y ~ U S  is to vaccinate the dairy cow with 
protein A isolated from this bacterium. The protein A stimulates 
antibody production against this protein with the phagocytosis process 
enhanced through bacterial cell surface exposure to the opsonins and 
ultimate PMN cell engulfment of the bacterium (Pankey et al., 1985; 
Nickerson, 1999). 

2.3.2.3 Nonspecific Defense Mechanisms. Several other antibac- 
terial systems that have a broad spectrum of activity also occur in milk 
and are discussed below. 

2.3.2.3. I Lactoferrin (LF). LF is an iron-binding protein similar to 
serum transferring. Its presence and concentration is markedly 
increased in the milk secretion obtained from unmilked or infected 
animals. LF inhibits the multiplication of bacteria by depriving them of 
iron and may protect the dry udder from infection with E. coli (Reiter 
and Bramley, 1975). Although LF is present in bovine milk, the high 
citrate and low bicarbonate concentrations have been shown to reduce 
markedly the iron-binding and, therefore, the inhibitory properties of 
LF. 

2.3.2.3.2 Lactoperoxidaseflhiocyana te/Hydrogen Peroxide System 
(LP System). Lactoperoxidase is synthesized within the mammary 
gland and is present in high concentrations in bovine milk. Thiocyanate 
is present in varying concentrations related primarily to the nutrition 
of the cow. The third component of the system. hydrogen peroxide, 
may be supplied by hydrogen peroxide-producing organisms within the 
udder (e.g., streptococci) or by the PMN cell. The LP system will inhibit 
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only temporarily the growth of some organisms (e.g., group B and N 
streptococci) while exhibiting bacteriocidal activity to others (e.g., 
group A streptococci, E. coli, and Salmonella typhimurium). Recent 
evidence suggests the LP system may play a role in the defense of 
the mammary gland, in addition to the protection of the calf from 
enteritis (Marshall et al., 1986). It has been suggested that the LP 
system might be utilized as a “cold sterilization” process to render milk 
safe for consumption without damaging, by heat treatment, the various 
antimicrobial systems present (Reiter, 1978). 

Other antimicrobial systems have been demonstrated in milk includ- 
ing lysozyme (Vakil et al., 1969) and vitamin binders for B12 and folate 
(Ford, 1974). The significance of these systems for the protection of the 
mammary gland or the neonate remains unknown. 

2.3.3 The Microflora of the Exterior Udder and Teats 

Between milkings, teats often become soiled with dung, mud, and 
bedding materials such as straw, sawdust, wood shavings, or sand. If not 
removed before milking, this dirt, together with the large number of 
microorganisms associated with it, is washed into the milk. Numbers 
and types of microorganisms vary according to the type and amount of 
soil on the teats. Milk from cows with teats that are heavily soiled with 
dung may have an SPC approaching 10 x 1OScfuml-’. 

2.3.3.1 Numbers of Microorganisms from Teats. Bedding mate- 
rials on which cows are housed during the winter may have very high 
bacterial counts (lOx-lO“’cfu g-’) even though the bedding may appear 
to be relatively clean and dry. The incidence of the main groups of 
microorganisms in bedding is shown in Table 2.7 (Cousins, 1978). 
Particles of grossly contaminated bedding materials can adhere, some- 
times unobtrusively, to teat surfaces.Teats of cows kept in strewed yards 

TABLE 2.7. Incidence of Different Groups of Bacteria in Wood Shavings, Straw, 
and Sand Bedding 

Geometric Means“ (chug’ )  

Bedding Total Psychrotrophs Coliforms Bacclliis Spores 

Shavings 1 2 x 10“’ 1 1 x 1 0 9  8.3 x lo5 5.0 x 1 0 6  

Straw 7 4 x  lo& 0 8 x 1 0 7  1.8 x lo5 1.5 x 10’ 
Sand 5.4 x 109 1.4 x 10’ 3.0 x lo5 5.0 x 106 

‘Six samples of each type of bedding 
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can become heavily and visibly soiled if the straw is not adequately and 
frequently replenished. Bacterial contamination of the teats is corre- 
spondingly high, unless teats are washed thoroughly. 

Table 2.8 presents comparative microbial counts and types observed 
on the teat apex, unwashed and washed, after exposure to sand bedding 
and pasture conditions. During the summer when cows normally are 
turned out to pasture, a marked decline in the level of contamination 
on teats occurs. This seasonal effect is reflected especially on farms 
where milking equipment is effectively cleaned and disinfected, thus 
reducing bacterial contamination. The effectiveness of hose washing 
teats to reduce microbial numbers using a solution of hypochlorite 
(-600ppm available chlorine), followed by drying off the teats with 
paper towels, is presented. Note that even after washing, total micro- 
bial counts of 10'cfu per teat are recovered. Reductions for other 
groups of microorganisms are not very effective, and a reduction of 
coliform numbers is not affected by washing. These numbers are all 
low, averaging only about lOcfu per teat (Cousins, 1978). Teat washing 
using an iodophor solution also is found to be ineffective in reducing 
the bacterial population of the teat apex, unless that procedure is 
done carefully and is followed by thorough drying (Zarkower and 
Scheuchenzuber, 1977). Differences in effectiveness between various 
types of disinfectant solutions used for teat washing and teat dips have 
been reviewed by the NMC's Research subcommittee (refer to Section 
2.3 on premilking and postmilking teat disinfectants). 

Bacterial counts of bulk tank milk from a herd at the National 
Institute for Research in Dairying (NIRD) demonstrated that even 
where teats were regularly washed in both winter and summer, winter 

TABLE 2.8. Effect of Washing and Drying of Teats on Bacterial Counts of Teats' 
Apex Via Swab Samples Taken from Cows Bedded on Sand or on Pasture 

Geometric mean" (cfu per teat apex) 

Conditions Herd Teats Total Psychrotrophs Coliforms Spores 

Beddedon A Unwashed 
sand Washed 

B Unwashed 
Washed 

On pasture A Unwashed 

B Unwashed 
Washed 

Washed 

"Mean of six sarnplcs; *P < 0.05. 

8.4 x 106 
7.3 x 10'" 
3.3 x 10' 

1.2 x 106 
8.3 x 104 
1.3 x 10" 

8.5 x I O ~ *  

7.5 x 104 

4.0 x 105 

1.2 x 104 
3.1 x 104 
1.2 x lo5 
1.4 x 105 

2.5 x lo1 
4.3 x lo1 
3.3 x 103 

10 5.0 x lo4 
12 1.2 x 101 
15 1 .o x 10' 

1 1.3 x 10' 

11 4.8 x 104 

9 1.1 x 102 
14 4.9 x 102 
11 5.8 x lo2 
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housing increased the numbers of cfu per ml of the milk (Table 2.9). 
The numbers of bacteria remaining on teat surfaces after washing can 
be high, as demonstrated by swabs or rinses of teats (Thomas and 
Druce, 1971; McKinnon and Pettipher, 1983). 

The direct effects of teat washing on SPCs should be studied only in 
milk using cows free from udder infections (i.e., giving milk containing 
< 10 cfu ml-' in aseptically drawn samples) and milked with properly 
sanitized milking equipment or in-line milk samplers (McKinnon et al., 
1973). Where these precautions are taken, average SPCs ranged from 
7000cfuml-' in milk drawn from teats unwashed or washed with water 
and left wet to 1500cfuml-' in milk from teats hose-washed rapidly with 
hypochlorite solution and dried with paper towels (McKinnon et al., 
1973, 1988). These average differences conceal wide variations for 
bacterial numbers in milk from individual cows (Table 2.10). This is 
because some teats, before washing, occasionally are clean even when 

TABLE 2.9. Influence of Housing and Teat Washing on Bacterial Content of Bulk Tank 
Milk from a Single Herd, Sampled Once Weekly 

Geometric Mean" (cfuml-l of Milk) 

Thermoduric Bacillus 
Conditions Teats Total Psychrotrophs Coliforms organisms spores 

Bedded on Unwashed 31,700 1,500 43 120 18 

On pasture Unwashed 4,250 280 19 990 7 
Washed 3,530 270 26 750 5 

sand Washed 15,500 990 61 110 14 

"Each resull is thc mean of 8-9 milk samples. 

TABLE 2.10. Contamination of Milk with Bacteria from the Surfaces of Cows' 
Teats, Either Unwashed or After Hose-Washing 

Treatment of Teats 

Geometric Mean Counts of 30 Samples 
(cfuml-'of Milk) 

Total Count 
( X I  0') Spores Coliforms 

Unwashed 7.5 (0.5-75.6) 34 (4-555) 2.0 (0-20) 

Washed with water, dried 4.2 (0.1-54.0) 16 (1-137) 0.5 (0-4) 
Washed with NaOCI, left wet 4.1 (0.4-64.2) 38 (6-180) 0.7 (0-4) 
Washed with NaOCI, dried 1.5') (0.1-22.0) 14 (2-112) 0.03 (0-1) 

Washed with water, left wet 7.9 (0.6-111.0) 31 (3-590) 1.3 (0-10) 

"Ranges o f  counts are shown in parentheses 
"Significantly different, 0.01 < P < 0.05. 
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housed on very dirty bedding. Conversely, under clean housing condi- 
tions, individual teats are, on occasion, heavily soiled with barnyard 
debris. Milk collected from washed teats may show variable counts, 
possibly because it is difficult to ensure that teat ends are adequately 
cleaned in the limited time (15s) available for washing. The difficulty 
of controlling both environmental conditions and effectiveness of teat 
washing could explain why, in various surveys, ratings of “efficiency” 
obtained by inspection of teat washing and udder and teat cleanliness 
generally fail to show a clear, direct correlation with bacterial counts 
in the milk (Luck, 1972; Panes et al., 1979). 

One survey taken on eight commercial farms over 1 year examined 
the microbial content of milk using in-line sampling techniques and 
documented the effect of hose-washing of teats with water containing 
disinfectant, followed by drying. This survey demonstrated the benefit 
of efficient teat preparation by reducing the total count per ml of 
the milk by -50% during winter housing. During the summer when 
cows normally were on pasture, there was no difference in the SPC 
of the milk from washed and unwashed cows. The use of a disinfectant- 
impregnated cloth for drying teats has been shown to be an effective 
method of udder preparation (McKinnon et al., 1985), reducing the 
contamination from the teat surfaces and preventing the spread of 
mastitis pathogens between teats. However, this practice is discouraged 
by the dairy-related regulatory enforcement agencies in the United 
States. 

2.3.3.2 Types of Microorganisms from Teat Surfaces. Generally, 
cows housed during the winter months demonstrate SPCs ranging from 
lo5 to 10’cfu per teat. Micrococci, including coagulase-negative staphy- 
lococci, are among the predominant groups present ( -104cfu per teat). 
Streptococci, mainly fecal types, also are numerous, but GNRs, includ- 
ing coliforms, are much less numerous. Coliform counts rarely exceed 
102cfu per teat (Thomas et al., 1971; Cousins, 1978). It appears that 
these organisms, unlike micrococci, for example, do not survive well on 
teat skin, although they do form a large proportion of the microflora 
of bedding materials. Psychrotrophs (detected by incubation of plates 
at 5°C for 10 days) range from 103cfu per teat for washed teats of cows 
at pasture to 106cfu per teat for unwashed teats of cows bedded on sand 
(Table 2.8). 

The psychrotrophic microflora of teat surfaces is a poorly defined 
group of organisms, consisting of coryneforms and GNRs, most of 
which are inactive in litmus milk at 22°C and do not appear to 
multiply readily in raw milk (Johns, 1962, 1971). 
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The aerobic thermoduric organisms on teat surfaces are almost 
entirely Bacillus spores. Spore counts can range from lo2 to lo5 per teat, 
depending on the environmental soil conditions. The predominant 
species derived from soil are B. Lichenifomzis, B. subrilis, and B. 
pumilis; B. cereus and B. firmus; with B. circulans occurring less fre- 
quently (Underwood et al., 1974). The data in Table 2.10 show that 
aerobic spore counts in milk obtained from individual cows can range 
from 1 to 590ml-’. However, spore counts can be as high as 3000ml-’ in 
milk from commercial farms as reported by Underwood et al. (1974). 
Although the total spore count of milk is markedly lower during the 
summer months than during winter, the psychrotrophic spore count 
essentially remains the same with the thermoduric spore-forming 
bacteria decreasing in numbers within the total spore population. The 
psychrotrophic spore count in summer months is derived primarily 
from soil contaminating the teat surface (McKinnon and Pettipher, 
1983). 

It can be reasoned that teat surfaces also are a source of clostridial 
spores in milk. These spores have been detected in fodder, bedding, 
and feces and decline markedly in numbers when cows are on pasture. 
Spores of lactate-fermenting clostridia (Clostridium fyrobutyricum) 
may cause a textural defect known as “late blowholes” in Dutch 
Emmenthal and Gruykre cheese. This bacterium is associated with 
“bad” silage and may be transmitted via feces of silage-fed cows to teats 
and ultimately to the milk, unless the fecal material is washed from the 
teats (Bergere, 1979). 

A wide variety of genera and species of microorganisms in the cow’s 
environment may be present on teat surfaces, but those representing 
a small proportion of the microflora will not be detected. They will be 
transmitted, however, to the milk and finally to the milking equipment. 
Some may become established if conditions are suitable; others may 
be only transient contaminants. Normally, only genera and species 
capable of forming colonies on plate count agar incubated aerobically 
(e.g., SPC) are detected. Specific cultural conditions are required to 
encourage outgrowth, for example, of lactobacilli, clostridia, and other 
fastidious microorganisms from dung, soil, herbage, and water. Fresh, 
raw milk may be inhibitory or may even kill some of the microorgan- 
isms existing on the teat surfaces, so that even if present in apprecia- 
ble numbers, they may not be detected. A close correlation cannot be 
expected between the population dynamics found on teat surfaces and 
those present in milk. 

A common practice in dairy production is to filter milk through a 
cotton cloth medium. This filtering process removes only large debris 
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but does not remove fine particles such as bacteria and somatic cells. 
Therefore, bacteria introduced into the milk can pass through the filter. 
Hence, bacterial contamination of filtered milk does not correlate well 
with lower sediment pad grading scores. The sediment pad scores will 
monitor only the conditions of cow preparation at the time of milking. 
In order to minimize bacterial contamination from teat surfaces, it 
is essential to prevent teats from becoming heavily soiled between 
milkings, to wash the teats with water containing disinfectant, and to 
dry thoroughly the teats prior to attaching the milking units. 

2.4 ENVIRONMENTAL SOURCES 

While the lactating animal, the production environment, and the milk 
handling equipment remain the principal sources for microbial con- 
tamination of raw milk, there are other environmental sources that 
should be considered. These are air, the milk handler, and the water 
supply. 

2.4.1 Air 

Air is not considered a significant source for microbial contamination 
in raw milk. Through its movement, air transfers soil and dust particles 
from a microbial-laden source into any exposed milk surface, such as 
(a) small quantities of soil falling into a milking bucket during hand 
milking or (b) microbes entering into milk via air entering the milking 
machine during use. Bacterial counts of air in cowsheds or parlors 
seldom exceed 200cfuliter-' and usually are much less. Micrococci 
account for >50% of aerial microflora. Coryneforms, Bacillus spores, 
and small quantities of streptococci and GNRs also may be present and 
account for the remaining microflora. Calculations indicate that air- 
borne bacteria account for <5cfuml-' of milk produced and that 
Bacillus spores constitute <1 cfuml-' (Benham and Egdell, 1970; 
Underwood et al., 1974). 

2.4.2 The Milk Handler 

When cows are hand milked, it is possible that the milk handler can 
contribute to an increased microbial load in the raw milk by dislodg- 
ing dirt particles from the udder, increasing aerial contamination 
through accelerated air movement and contacting the milk with 
infected hands. Risks of contamination from the milk handler are much 
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less with machine milking, but, because of the possibility of introduc- 
ing pathogens into the milk by the handler. many countries prohibit 
certain known human pathogen carriers from taking part in the 
collection of milk. 

2.4.3 The Water Supply 

Water used in the milk production process should be of potable quality. 
This means that the water supply must be from an approved source, 
free of pathogens and fecal contamination. In many cases, farms obtain 
water from untreated water supplies (boreholes, wells, lakes, springs, 
and rivers) that may be contaminated with microorganisms from a fecal 
origin. Examples of common fecal bacteria found in water are col- 
iforms, fecal streptococci, and clostridia. In addition, a wide variety of 
saprophytic microorganisms originating from soil or vegetation may be 
present, including the Pseudomonas spp., coliforms and other GNRs, 
Bacillus spores, coryneform bacteria, and lactic acid bacteria. The 
amount of these contaminants found in water will vary widely. In the 
United States, a potable water source must be demonstrated through 
microbial testing to be free of fecal associated coliforms. Also, the 
elimination of potential cross connections between the potable water 
supply and a contaminated water source, such as a watering trough, is 
required by the PMO guidelines (USDHHS, 1999). 

Additionally. one must recognize that a potable water supply can 
become contaminated within the dairy production environment, such 
as in a farm storage tank that is not properly protected from rodents, 
birds, insects, and dust. Bacteria also may be introduced into the water 
supply through dirty wash troughs, buckets, and hoses. If untreated 
water gains access into milk or is used for rinsing equipment and con- 
tainers, the microbes present in the water eventually will contaminate 
the milk. 

2.5 
ITS EFFECTS ON RAW MILK 

THE MICROFLORA OF MILKING EQUIPMENT AND 

When properly cleaned, disinfected, and drained, milking equipment 
can be eliminated as a source for microorganisms in raw milk. 
However, inadequately cleaned and disinfected (sanitized) milk 
contact surfaces, including milk cans and bulk tanks, are considered to 
be the major sources of bacteria found in milk after its collection from 
the udder. Other contributing factors are failure to replace worn or 
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damaged equipment parts and inattention to the cleanliness of valve 
assemblies. 

The simplest form of milking equipment is the bucket used during 
hand milking, with both the bucket and the milk handler becoming 
potential microbial sources. Machine milking requires one or more teat 
cup clusters through which the milk flows into a receptacle or a 
pipeline, possibly passing through a recorder jar (Figure 2.4). In the 
case of milk being collected in a bucket, the milk is pooled into either 
milk cans or a bulk tank. When a pipeline is used, the pipeline trans- 
ports the milk to a receiver tank from which it is released or pumped 
into milk cans or a bulk tank. Ancillary equipment may include (a) a 
strainer or in-line filter, (b) a cooler that may be open surface, in-can, 
or a plate heat exchanger, and (c) milk flow indicators and meters 
(Akam, 1979). 

Cows normally are milked twice daily, and the milking machine must 
be cleaned after each milking. Because of the complexity of the milking 
machine and some of its components, milk residues and associated 
bacteria may not be completely removed from the equipment and tend 
to accumulate over time. Except in very cold weather, bacteria remain- 
ing in the equipment can multiply between each milking, and their 
numbers can increase faster than can be visually observed (e.g., milk 
residues). Thus, visual inspection of the equipment provides little 
assurance that the equipment has been adequately cleaned and 
sanitized. 

In practice, the contribution of contaminated milking equipment to 
the microflora of the milk cannot be assessed definitively by bacterial 
counts on the milk produced because of the variability in numbers 
and types derived from cows’ udders. The most widely used method for 
determining the extent of bacterial contamination on milk contact sur- 
faces is by using a sterilized liquid rinse and then subjecting this rinse 
to an SPC in the same way that milk is tested. The types of bacteria in 
the rinse then can be determined through assessment of the colonies 
isolated and their ultimate identification. The exact relationship 
between numbers of bacteria recovered from rinses and available to 
milk during milking is not known. However, from results of repetitive 
rinsing or from other assessment methods (Cousins, 1963, 1972), the 
proportion recovered by rinsing is known to be at least 10% of the 
number available to the milk. The proportion will be higher where bac- 
teria have multiplied on moist surfaces as biofilms or in milk residual 
water that has collected in poorly drained milking machines. This is 
because the bacteria present in the biofilmh-esidual are released readily 
from the surfaces. 
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Figure 2.4. Diagrams of principal types of milking machines used in the United 
Kingdom. [From Akam (1979).] 
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A method that appears to eliminate the problem of the relative effi- 
ciency between microbial removed via rinses versus microbial removal 
via milk is the in-line sampling technique (McKinnon et al., 1988). 
Using this method, a direct assessment of bacterial contamination of 
the milk from the milking equipment and bulk tank can be made. 

It has been pointed out that milking equipment must be contami- 
nated heavily to markedly increase the bacterial count per milliliter of 
the milk passing through it. For example, to increase the bacterial count 
of 1000 liters (-264gal) of milk by 1 bacterium ml-’, it requires one 
million bacteria; thus, to increase the count by 10,00OmI-’, it requires 
10 billion bacteria. A milking installation consisting of four or five 
milking stalls and jars, together with pipelines and a bulk tank, has a 
milk contact surface area of approximately 10m2 (-107ft’) and, there- 
fore, would need to contribute 1 billion bacteria m-’ (or 100 million 
ft-’), on average, to its surface area. Clearly, where milking equipment 
is solely responsible for high raw milk counts (e.g., >50,00Ocfuml-’), the 
cleaning and sanitizing protocol must be seriously defective. However, 
milking equipment seldom is contaminated uniformly. Usually the 
bacteria and milk residues accumulate as biofilms in difficult-to-clean 
areas and in parts of badly designed components. Figure 2.5 illustrates 
examples of these problematic areas: crevices, joints, dead ends, and 
fittings that cannot be cleaned-in-place effectively and need to be dis- 
mantled at regular intervals. In contrast, the smooth surfaces of jars 
and pipelines are cleaned readily by circulation of chemical solutions 
through the machines and pipelines. 

2.5.1 Numbers of Microorganisms on 
Milking Equipment Surfaces 

In the United Kingdom, bacteriological rinses and sample swabs 
of milking equipment have been used for many years for advisory, 
investigational, and survey purposes. The methods used for assess- 
ment are well documented (Cousins, 1963; McKinnon and Cousins, 
1969; BSI, 1975). In the United States, the Standard Methods for the 
Examination of Milk and Dairy Products (APHA, 1992) and the 
Pasteurized Milk Ordinance (PMO) (USDHHS, 1999) serve as docu- 
mented sources. 

Results of equipment rinses taken during the course of advisory 
work in Wales (Thomas et al., 1966) show that relatively high counts 
are present in some milking equipment. About 20% of the milking 
machine unit clusters had rinse counts of >l x 10’cfu per cluster, and 
33% of the deposits of residues scraped from milk tubes contained 
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>3 x 10‘cfug-’. Many of these high counts were obtained from equip- 
ment on farms that had reported high SPCs. 

Other surveys show that good results are attainable where recom- 
mended protocols for cleaning and sanitizing are followed; they also 
show that high rinse counts are, in the main, associated with protocol 
deviations, namely, using defective rubber parts, using equipment in 
poor physical condition, ignoring the recommended temperature and 
chemical concentrations for the circulating solutions, and allowing the 
buildup of milk residues on milk contact surfaces. 

Milking with bucket machines still is used for small herds (-10% of 
producers in the United Kingdom), but bulk milk collection in farm 
refrigerated storage tanks is universal. Milking by means of pipeline 
machines has increased rapidly since the 1950s, and this method 
accounts for most of the milk produced. 

2.5.7.1 Pipeline Milking Machines. The use of steam sterilization, 
while effective in reducing the bacterial content in milking equipment, 
now is obsolete in the United Kingdom because it is costly and 
time-consuming. 

Steam sterilization has been replaced by the cleaning-in-place (CIP) 
method. The CIP protocol offers a reasonably effective system via the 
circulation of caustic/acidic and sanitizing solutions to clean the milking 
equipment. When compared to the steam sterilization method, the CIP 
method is found to be less effective in reducing the bacterial numbers. 
Compared to rinse counts of <5 x 104/ft-2 (-5 x 1OSmm-’) from steam- 
sterilized equipment, CIP-cleaned equipment has SPCs that are con- 
sistently higher. Perhaps an explanation is that optimal CIP process 
parameters are not met. Parker et al. (1953) and Kaufmann et al. (1960) 
defined the engineering aspects of cleaning pipelines in-place and 
examined the milk soil removal properties of various stainless steel sur- 
faces. Four interfacing factors (temperature, time, chemical concentra- 
tion, and physical force applied) have a direct influence on the efficacy 
of the CIP process. 

Surveys during the 1960s show that a beneficial effect was observed 
through lower bacteria counts in the milking equipment when hot 

4 
Figure 2.5. (a) Milk residues in components forming dead ends at the base of a 
recorder jar (k-f) and at the end of a transfer pipeline (right). (b) Section of a plastic 
sample cock at the base of a recorder jar showing site of milk residues. [From Cousins 
and McKinnon (1979).] (c) Section of a receiver and lid showing sites of milk residues. 
[From Cousins and McKinnon (1979).] 
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detergent solutions (initial temperature range of 70-80°C) were 
applied to the CIP process. This temperature range facilitates higher 
soil removal and imparts some lethality to the reduction of the micro- 
floral population. Today, public health authorities recommend cleaning 
temperatures above 70°C for the CIP protocol. With the detergent 
solution temperature dropping usually by 25-35°C during the CIP 
process, there is an expected corresponding decrease in cleaning eff-  
ciency and lethality. Normally, a sanitizer is circulated through the 
milking equipment following the cleaning and rinse cycles. 

Another in-place cleaning system used in the United Kingdom is the 
acidified boiling water (ABW) process. This process relies primarily 
on acidic conditions and heat for sanitizing the milking equipment 
(Cousins and McKinnon, 1979). Both the CIP and ABW methods, when 
correctly applied, are capable of effectively cleaning and disinfecting 
milking machines while contributing relatively few bacteria to the milk. 
However, survey data indicate that some milking machines become 
contaminated heavily with bacteria, most likely because of faulty 
equipment design, incorrect installation of components, improper 
pump timing adjustments leading to an inadequate flow of cleaning 
and sanitizer solutions, or the use of solutions that lack the proper 
temperature and/or chemical concentration. Thus, numbers of microbes 
recovered by rinsing these machines can range from <5 x 10' to 
> I  x 10"cfu-2m-2. 

During the survey reported by Panes et al. (1979), rinses were taken 
of the milking equipment (pipeline, milking machines, and refrigerated 
bulk tanks) at approximately 350 farms, once in winter and once in 
summer.Table 2.1 1 presents the compiled data derived from this survey 
and shows the extent of bacterial contamination in the milking equip- 
ment as affected by the two seasons represented. For milking machines, 
ABW demonstrated better results than CIP, even though 4.5% of 
equipment-rinse SPCs for ABW-cleaned machines were >I x 10ycfum-2. 
Twenty-five percent of the machines demonstrated considerably 
higher rinse SPCs of >1 x 10Xcfum-2, with another 32.7% of corre- 
sponding milk samples showing SPCs of <1 x 104ml-' and an additional 
42.5% having counts between 1 x lo4 and 5 x 104ml-'. 

In an investigation initiated by Runnels (1988) to assess the influ- 
ence of a pre-rinse step cycle on the efficiency of CIP cleaning at five 
farms, it was found that acceptable standards for milking equipment 
cleanliness could be achieved consistently with the geometric mean 
rinse SPCs ranging from 8.9 x lo5 to 12 x 106cfum-*. 

In Panes et a1.k survey (1979), about half of the milking machines 
were cleaned adequately when hot cleaning solutions were applied 
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TABLE 2.11. Bacterial Contamination in Pipeline Milking Machines, in Bulk Milk Tanks, 
and on Bulk Tank Outlet Plugs” 

Number of 
Percentage of Frequency Distribution’ (cfum-*) 

Equipment Rinses >1 x lo5 >1 x lo6 >1 x lo7 >I x 10’ >I x 10’ 

Milking machines 702 98.3 91 .0 66.7 26.1 7.4 

Hand (brush) 284 77.7 56.2 26.5 4.9 1.1 
Hand spray 277 80.5 50.2 23.1 4.7 0.7 

Automatic spray 194 56.0 33.7 14.0 2.6 0.0 
Tank outlet plugs“ 755 82.5 67.9 46.7 23.8 8.9 

Tanks, cleaned by 

“Data from Panes et al. (1 979). 
*l x lo‘cfum-’ = 100cfucrn-’ = 1 x 10’cfuftP 
‘Results expressed as cfu per plug. 

twice daily in the CIP process. The remaining equipment used the hot 
cleaning step only once daily followed by a cold cleaning solution step 
during the evening milking. There was no clear evidence that omitting 
one of the hot treatments had any detrimental effect on the equipment- 
rinse SPCs. Panes et al. concluded that it is possible that one daily heat 
treatment could provide an effective prevention of any buildup of 
detectable milk residues and bacterial numbers, when compared to an 
exclusive use of cold cleaning. 

In Ireland, circulation cleaning of large pipeline machines using a 
cold caustic-based detergent without a conventional disinfectant is 
reported to maintain the milk contact surfaces in a clean condition 
for at least a month. In this case, the bacteriological results compared 
favorably with those of conventional circulation cleaning, while demon- 
strating a low incidence of proteolytic GNRs in the microflora (via the 
rinse SPC) and offering a substantial cost savings (Palmer, 1977). 
Palmer suggests that the effectiveness of the cold process protocol 
may be due to the caustic remaining in the system after the cleaning 
solution has been drained from the machine. No water rinse is used 
immediately after the cleaning step in the protocol. With the extended 
contact time, the caustic solution penetrates into joints and crevices, 
and microbes do not grow. Perhaps the influence of an alkaline envi- 
ronment with a pH > 10 contribute to this observed effect. Rinsing the 
machine with cold water is delayed until just before the next milking. 
A monthly heat treatment is recommended to remove residual biofilm 
or milkstone deposits. 

2.5.1.2 Farm Bulk Milk Tanks. Most refrigerated farm tanks have 
smooth, stainless steel surfaces that are cleaned easily. Accessories such 
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as agitators, dipsticks, plugs, or outlet valves and manhole gaskets can 
be problematic. Thus, sanitary conditions of these accessories must be 
maintained and monitored for cleanliness. In the United Kingdom, 
most farm tanks of <4000-liter (1000-gal) capacity are “cold wall” or 
ice bank tanks. Hot solutions cannot be used for cleaning because the 
ice bank would become depleted and the refrigeration capacity would 
be delayed while replacing the lost ice. Also, the ice bank would have 
a cooling effect on the hot cleaning solution. These ice bank tanks nor- 
mally are cleaned by means of mechanical or hand sprays using cold 
iodophor solutions or by manual brushing. In North America and some 
other dairying areas, direct expansion refrigeration systems are used to 
cool the raw milk. Thus, the refrigeration can be turned off during the 
hot cleaning step in the CIP cycle. For cleaning and sanitizing contact 
surfaces, US researchers have demonstrated, via swab samples, SPCs of 
<lo cfu/4 in? when cleaning temperatures above 65°C were used, fol- 
lowed by recirculation of an acidified final rinse with ambient water at 
a pH of 5.5-6.5 for 60-90s. The early work of Kaufmann et al. (1960) 
and Parker et al. (1953) characterize the CIP conditions as applied to 
the CIP process required to achieve a proper sanitary condition for 
milk contact surfaces. This work serves as the basis for the US dairy 
practices and regulations. 

Until about 1970 in the United Kingdom, rinsing and swabbing tanks 
and accessories, whether cleaned manually or mechanically, revealed 
SPCs on average <2.5 x 106cfum-*, with the greatest SPC frequencies 
being <1 x 10Scfum-2. It was observed that mechanical cleaning 
appeared to be more effective than manual cleaning (Druce and 
Thomas, 1972). This observation later was confirmed by Panes et al. 
(1979), although results indicate a deterioration in the bacteriological 
cleanliness of farm tanks as shown by approximately 30% of the tanks 
demonstrating rinse counts of >5 x 10hcfum-2 (Table 2.11). Approxi- 
mately 1 YO of farms surveyed had serious bacteriological quality 
problems. 

One major source for contaminating raw milk stored in farm bulk 
tanks is the outlet plug (Figure 2.6). While this plug may appear to be 
clean, it could be harboring large numbers of bacteria because of the 
design feature associated with the rubber bung attachment to the metal 
shaft. Table 2.11 shows that 9% of plug rinses have SPCs of >1 x 10’cfu 
per plug. A precautionary step to minimize development of this bac- 
terial condition is to immerse the bung in boiling water for 2min and 
conduction-heat the junction of the shaft and the bung at least once a 
month. Recent plug designs that eliminate the crevice now are com- 
mercially available.These outlet plugs are peculiar to UK tanks, but the 
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Stainless 
Steel 
shaft 

Rep# acea bl e rubber b u ng 

Figure 2.6. Sections of a bulk tank outlet plug, showing site of milk residues. [From 
Cousins and McKinnon (1979).] 

alternative, the outlet valve, also is difficult to clean, and milk residues 
tend to accumulate around the tap seating. 

2.5.1.3 Bucket Milking Equipment. Bucket milking machines have 
to be cleaned by hand, usually by brushing in a warm detergent- 
disinfectant solution. The bacterial content can vary just as widely as 
that of pipeline machines. It is important that the milk buckets are free 
of open seams, dents, and rust spots. Milk residues, such as biofilms and 
milkstone, tend to build up because of the difficulty of cleaning buckets 
with these imperfections. The sanitation process can be complicated 
further in the cleaning of teat cup clusters and by not allowing ade- 
quate time to brush them thoroughly. Consequently, poorly cleaned 
contact surfaces and the presence of organic material make chemical 
sanitizing ineffective as reflected in the high rinse SPCs reported by 
Kaufmann et al. (1960). Hot solution flushing of teat cup clusters, wet 
storage (or lye storage), immersion cleaning, and boiling water treat- 
ment are advocated to improve the bacteriological condition of bucket 
milking equipment. 

2.5.1.4 Milk Cans. As with milk-receiving buckets, milk cans with 
open seams, dents, or rust spots can be difficult to clean. If the cans are 
not cleaned effectively or are moist when the lids are placed on them, 
bacterial multiplication can result in high SPCs. This source of conta- 
mination can become even more serious when, in many situations, milk 
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is water-cooled, and bacteria in the milk-filled containers multiply 
rapidly. Milk cans are suspected as being a source for Bacillus cereus 
spores and other types of thermoduric bacteria found in milk. 

2.5.2 Types of Microorganisms on 
Milking Equipment Surfaces 

As might be predicted, the groups and genera of microorganisms found 
on milk contact surfaces are similar to those found in fresh, raw milk 
(Table 2.2). However, to be isolated from equipment rinses, colonies 
must develop on SPC plates and specific types of microorganisms must 
be present in appreciable proportions (>5%). The survival of bacteria 
suggests that there is some protection during the cleaning and disin- 
fecting procedures, and subsequently bacteria are able to proliferate 
during the elapsed time between milkings. Selective methods are 
available to detect the presence of pathogens, thermodurics, or other 
microorganisms of special interest. 

Certain species, notably mastitis pathogens, have not been reported 
as forming any appreciable part of the microflora on milking equip- 
ment, although large numbers of streptococcal and staphylococcal 
mastitis organisms can be present in milk passing through the equip- 
ment. These microbes can survive long enough to be transferred, via 
the liner in a teat cup cluster used to milk a cow having an infected 
quarter, to the noninfected quarters of other cows. These organisms 
also may be transferred to other cows via udder washing cloths and 
milk handlers’ hands. However, they are unlikely to multiply on the 
surfaces of milking equipment between milkings. 

The temperatures of solutions used for cleaning and disinfecting can 
influence the microflora remaining on milk contact surfaces. Pipeline 
milking machines subjected to proper ABW cleaning, in effect, are pas- 
teurized and thus only thermoduric organisms can survive. Application 
of 70°C detergent solutions has a similar effect. In practice, past- 
eurization temperatures are not always achieved, and the heat-resistant 
microbial types such as asporogenous Gram-positive rods (probably 
Microbacterium spp.), micrococci, streptococci, and Bacillus spp. 
usually dominate following hot cleaning treatments. The presence of 
GNRs including coliforms, which are heat labile, is relatively infre- 
quent. If the microflora recovered by rinsing is predominantly heat 
labile, it is evident that parts of the machine have not been heated 
adequately. 

Use of lower temperature solutions (40-50°C) permits the develop- 
ment of a heterogeneous-type microflora. Yet, in many pipeline 
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systems, investigations show that the microflora are restricted with one 
or two of the following groups predominating: micrococci, streptococci, 
GNRs, and asporogenous Gram-positive rods. In any one milking 
machine, the microflora may be consistent, or they could vary from time 
to time. At  present, no explanation can be offered for these observa- 
tions. Druce and Thomas (1972) and Thomas and Thomas (1977a,b,c,d, 
1978a.b) reviewed comprehensively the results of many workers on the 
bacterial content of pipeline milking machines, farm bulk tanks, and 
bucket milking machines, with particular reference to thermoduric, 
psychrotrophic, and coliform organisms. 

Bucket milking machines with teat cup clusters showing a buildup 
of milk residues and milkstone often were found to have high ther- 
moduric bacterial counts. These organisms tend to be less prevalent in 
pipeline milking machines, perhaps because in-place cleaning is more 
effective in keeping milk contact surfaces clean. A study of the ther- 
moduric and psychrotrophic bacterial content of milking equipment 
(Mackenzie, 1973) shows that the incidence of thermoduric organisms 
in pipeline milking machines is slightly lower than that of psychro- 
trophs. None of the thermoduric counts exceeded 1 x 107cfum-’, 
whereas 7.5 % of the systems examined demonstrated psychrotrophic 
counts above that level. 

The SPC of farm bulk tanks is lower than that of milking machines, 
and the thermoduric bacterial content is very low, <1 x 10scfum-2. This 
is because most thermoduric bacteria will not multiply in the cold envi- 
ronment of refrigerated bulk tanks. However, the proportion of GNRs 
and psychrotrops present in the refrigerated bulk tank appears to be 
higher than is found in the milking equipment. 

In the United Kingdom, there is a trend toward an increase in higher 
levels of total bacterial contamination in bulk tanks and tank outlet 
plugs. Mackenzie’s (1973) research indicates that with this increase in 
bacterial numbers, there is also a higher incidence of psychrotrophs 
present in the tanks. 

Based on the comprehensive reviews concerning the significance of 
psychrotrophic microorganisms in raw milk given by Witter (1961), 
Thomas et al. (1971), and Cousin (1982), it may be concluded that the 
sources for these microbes are soil, water, and vegetation. The occur- 
rence of psychrotrophic microorganisms found in raw milk can vary 
depending on the type and number of cells present, the equipment 
cleanliness, the temperature, and the length of storage time prior to 
processing/pasteurization. However, it is fair to assume that where the 
total bacterial content of equipment is low, the content of specific, unde- 
sirable types will be low. The British Standards Institution (BSI, 1975) 
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details cleaning and disinfecting methods for achieving satisfactory bac- 
teriological cleanliness in pipeline milking machines and in bulk tanks. 
In the United States, the adoption of the PMO by each state provides 
the guidelines under which raw milk is collected, handled, stored, and 
picked up at the farm (USDHHS, 1999). 

2.6 THE INFLUENCE OF STORAGE AND TRANSPORT ON 
THE MICROFLORA OF RAW MILK 

After production, milk usually is stored in bulk tanks to await collec- 
tion and subsequent delivery to collection centers or processing plants. 
The raw milk is delivered to the processing facility in metal milk cans 
or insulated fiberglass containers in 100-lb quantities or in insulated 
horizontal tankers in bulk quantities. In most developed countries, 
construction standards for bulk tankers require that the milk contact 
surfaces of the tankers be fabricated from stainless steel with a specific 
polish specification for cleanability. Another requirement is that the 
tankers be insulated sufficiently to maintain over a 24-h period the 
milk's temperature to within 1°C from the temperature at time of 
pickup. 

2.6.1 Can Collection 

In countries with emerging economies, raw milk usually is collected in 
metal cans and transported to collection centers within 1 day after 
milking. Here, the milk is cooled and placed in insulated containers for 
delivery to processing plants. Under these handling and storage condi- 
tions, the raw milk undergoes considerable chemical change due to 
lipase activity and accelerated microbial growth. 

In temperate climates, normally milk is water-cooled to as low a tem- 
perature as the cooling medium permits. The method of cooling and 
the temperature of the available water supply influence the final tem- 
perature. Tn the summer season, it is possible that part of the daily milk 
yield is stored for 14-18 h at 20-25°C. Where ambient temperatures fre- 
quently exceed 25"C, and sometimes 30"C, nonrefrigerated milk often 
is collected twice daily because of the rapidity of bacterial multiplica- 
tion and the consequent high risk of spoilage when milk is held at such 
temperatures for more than about 6 h. On arrival at its destination, the 
canned milk is used immediately, cooled to G"C, and stored for 
no more than 24 h before processing or heat treated and then cooled 
before storage. 
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2.6.2 Bulk Collection 

With bulk collection, milk most commonly is refrigerated immediately 
after production, either (a) by means of an in-line cooler followed by 
storage in an insulated tank or (b) in a tank equipped with a refriger- 
ation system. Collection of the milk, which may be within hours, daily, 
on alternate days, every third day, or, more rarely, at longer intervals, 
is by means of insulated transport tankers, each picking up milk from 
several farms. Thus, there is risk that an undetected contaminate from 
one farm may taint the entire tanker load of milk. Milk haulers 
normally are authorized to refuse to collect milk from farms where the 
milk is tainted, appears to be abnormal, or is above a specified tem- 
perature (e.g., 7°C). Bulk collection schemes include requirements 
concerning the design and performance of farm bulk tanks, the rate 
at which the milk is cooled, the maximum temperature at which it is 
stored, the frequency of collection, and the cleanliness of the transport 
tanker (Hoyle, 1979). 

On arrival at its destination, if not used immediately, farm refriger- 
ated milk is transferred to insulated storage tanks or silos (see Figure 
2.7) where it is stored at 3-5°C until heat treated for processing or man- 
ufacture. In some countries, the time delay before processing may be 
up to 4 days after receipt of the milk. In the Netherlands, where some 
refrigerated milk is collected every third day, such milk, unless used 
immediately, is “thermized”-that is, heated to -63°C for 15 s on arrival 
at the dairy. This process is sufficient to kill most of the psychrotrophs, 
and, after cooling to 5-6”C, the milk then can be stored for 2-3 days 
before use. A study of milk thermilization was published by Griffiths 
et al. (1986). 

2.6.3 Bacterial Multiplication in Stored Milk 

The temperature and duration of storage, the numbers and types of 
bacteria, and, to a lesser extent, the natural inhibitory systems in milk 
all influence the bacterial number increase that occurs in stored milk. 
Because of the wide variation in the initial microflora and the con- 
ditions under which milk is stored, only generalizations can be made 
concerning changes in the microflora occurring during storage and 
transport. 

The storage temperature probably is the most important factor in 
microbial growth. Figure 2.8 illustrates the likely effect of temperature 
on milk of rather poor quality (having an initial SPC of 50,000cfuml~’). 
If milk is to be kept for more than about 12h, it is assumed that 
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Figure 2.7. Thesc insulated storage silos are used to store raw milk prior to process- 
ing. The larger silos hold up to 30,000gal of milk, whereas the smaller ones hold up to 
25,000gal. (Reproduced by courtesy of the Milk Marketing Board, Davidstow.) 
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Figure 2.8. The effect of milk temperature on the increase in bacterial count in raw 
milk having an initial SPC of 50,000cfuml-'. [After Druce and Thomas (1968).] 
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adverse effects will become apparent when the SPC approaches 1 x 
10'cfuml-'. Often, milk delivered in cans is checked upon arrival for 
these effects and, if tainted or if there is evidence of an acidity above 
specified limits, the milk is downgraded or rejected. 

The spoilage organisms that become predominant at 25-30°C are 
mainly streptococci and coliforms, and both types increase the acidity 
of the milk. However, unpleasant tastedodors produced by variations 
in the initial microflora can mask the "clean" acid odor normally asso- 
ciated with a predominant streptococci population. GNRs, other than 
coliforms, and micrococci (including staphylococci) also will multiply 
unless, or until, any developed acidity becomes inhibitory to them. 
Between 15°C and 25"C, GNRs could outnumber streptococci. In 
general, the effects are similar to those at higher temperatures, except 
that the adaptive phase of microbial growth is extended for several 
hours. Many species of GNRs can multiply in milk and not produce 
any noticeable effects even when their numbers reach or exceed 1 x 
1o7cfuml-'. Thus, at lower storage temperatures (e.g., 10°C or less), 
the milk may appear normal for 2-3 days, even though considerable 
bacterial growth has occurred. 

Druce and Thomas (1968) reviewed the effects of preincubation for 
specified storage periods and at specified temperatures on the results 
of bacteriological tests applied to milk samples before and after prein- 
cubation. In general, saprophytic bacteria multiply most readily under 
the commonly used preincubation conditions-that is, 12-22°C for 
16-24 h. Microorganisms representative of the udder microflora have 
an optimum growth temperature of 37°C. This microflora will multiply 
slowly, if at all, during a preincubation period, and an observed increase 
in SPC (e.g., 100-fold) during storage would indicate a bacterial conta- 
mination from sources outside the udder. However, preincubation has 
its drawbacks in this respect because the saprophytic, thermoduric 
coryneforms and micrococci originating from milking equipment sur- 
faces do not multiply in raw milk within 24h at these preincubation 
temperatures. On the other hand, some types of coliforms from within 
the udder can grow rapidly. 

When compared with heavily contaminated milk, there is no doubt 
that milk produced with minimal contamination shows, on storage, 
much smaller increases in bacterial numbers over a wide temperature 
range. The natural inhibitory properties of milk play some part in 
this effect, and bacterial multiplication is delayed even in moderately 
contaminated milk for 2-3 h at 30°C and for longer periods at lower 
temperatures (Figure 2.8). 
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2.6.4 Refrigerated Storage of Raw Milk 

Refrigeration, by delaying bacterial multiplication, can mask the effects 
of unsanitary production conditions. In many dairying regions, bulk col- 
lection of refrigerated milk accounts for most, if not all, of the milk pro- 
duced. Because of this, the numbers and types of initial psychrotrophic 
microflora present in the raw milk and their activities during storage 
have become an increasingly important area of concern. 

Alternate day (AD) collection is the most common practice world- 
wide. Because four successive additions of milk are made to the farm 
bulk storage tank, about a quarter of the milk is 2 days old at collec- 
tion. Studies of AD collection between 1950 and 1970 show no detri- 
mental effect on milk's bacteriological quality up to the point of leaving 
the farm, provided that the milk added to the tank after each milk- 
ing was cooled rapidly to 54°C (Thomas and Druce, 1972). There is 
probably a slight increase in psychrotrophic numbers, but it would be 
insignificant due to a dilution effect resulting from the repeated addi- 
tion of fresh milk. However, storage at 5 7 ° C  of fresh milk with a high 
psychrotrophic count most likely would lead to a marked increase in 
bacterial count at the time of collection. Results of investigations on 
bacteriological quality of A D  collected milk were reviewed by Thomas 
and Druce (1972). 

The initial total microbial count of raw milk is of little value for pre- 
dicting its count after refrigerated storage. Samples from farm bulk 
tanks taken shortly after the addition of a second milking were stored 
at 5"C, and SPCs were determined at daily intervals. The wide range 
of responses is shown in Table 2.12. Some samples showed only small 
changes after 4 days, whereas others, showed three- to eightfold 
increases in  just 2 days. As might be expected, the four samples in 
which bacterial multiplication had been most rapid had similar 
psychrotrophic and SPCs after 3 days. 

TABLE 2.12. SPCs of Milk Stored at 5°C in Individual Farm Bulk Tanks 

Farm Zero Days 

A 5,800, 
B 14.000 
c 14.000 
D 28,000 
E 62,000 
F 170,000 
ci 240.000 

Two days 

3,300 
10,000 
10,000 
83,000 

400,000 
110,000 

1.800,000 

Three days 

7,900 
1 1,000 

7 10,000 
2,800,000 
9,500,000 

110,000 
8,900,000 

Four day\ 

14,000 
70,000 

15,000.000 
18,000,000 
4 1 .OOO,OOO 

130,000 
17.000.000 
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2.6.5 The Effects of Refrigerated Transport 
and Subsequent Storage 

Because farm collection tankers are insulated, the temperature of the 
milk remains relatively unchanged from the temperature of the milk at 
the time of pickup. The majority of the milk collected arrives at its des- 
tination at G"C,  and often there are no facilities for cooling it  to 14°C 
before it  is put into storage silos. When stored at temperatures ranging 
from 5°C to 10°C, samples taken from both transport tankers and 
storage silos show increases in bacterial counts. For milk collected daily, 
the results for stored samples having a mean initial psychrotrophic 
count of 1 x 104cfuml-' are shown in Figure 2.9. At 5"C, Cousins et al. 
(1977) reported counts in excess of 1 x 1O6cfuml-* in 3 days, whereas 
other workers reported greater psychrotrophic increases. SPCs of 
commingled milk from storage silos were -1 x 107cfuml-' after 1 day 
(LaGrange, 1979), but milk in some of the incoming transport tankers 
had SPCs above 1 x 106cfuml-'. For A D  collected milk, Muir et al. 
(1978) recorded counts ranging from lo4 to 5 x 106cfuml-' for milk in 
storage silos held for 24h at the plant. The total psychrotroph and 
coliform counts of samples from transport tanker milk are higher than 

Srorage time. days 

Figure 2.9. Psychrotroph counts (milk, agar, 5°C for 10 days) of transport tanker milk 
showing increases during storage at 5°C (0), 7°C (O) ,  and 10°C (A); means of eight 
samples. 
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counts of milk samples taken from individual farm tanks, but there is 
little difference in the thermoduric counts (Thomas, 1974a). 

It is not clear to what extent contamination from transport tankers 
and associated hoses, pumps, meters, and automatic samplers increase 
the bacterial content of milk. Because of the large volumes of milk 
involved (e.g., 2500gal), any significant increase in count per milliliter 
of milk indicates a heavy contamination of the milk contact surfaces. 
Some increase in the count may occur from the pumping process 
that can disrupt clumps and chains of bacteria. However, there is no 
clear evidence concerning the extent of any such increase. One or two 
heavily contaminated individual farm supplies will, of course, influence 
the bacterial content of a whole transport tanker load. For milk that 
is more than 12h in transit and has a high content of psychrotrophs, 
multiplication of these microbes may occur with milk temperatures 
above 4°C. 

During silo storage, multiplication of psychrotrophs derived from 
bulk handling equipment will contribute to the bacterial content of the 
milk. If fresh milk is added to a storage silo containing milk stored 
for 24 h or longer and the mixed milk is held further, bacterial counts 
are likely to reach undesirable levels more quickly than if the milk 
were put into a clean, empty silo. For this reason, the Grade A regula- 
tions in the linited States mandate that milk-handling facilities clean 
and sanitize milk storage silos immediately after they are emptied 
(USDHHS, 1999). 

Milk inventories should be monitored for bacteriological quality on 
a daily basis. The use of commercially available rapid methods for 
enumerating microflora can help in monitoring microbial activity. A 
balance of raw milk inputs and scheduled product outputs can reduce 
significantly the storage time required for milk inventories. 

2.6.6 Types of Bacteria in Stored Milk 

Generally within 2 to 3 days after transfer from transport tankers 
to storage silos, the microflora of the milk are dominated by psy- 
chrotrophs, whereas the thermoduric microflora have not changed sig- 
nificantly in composition. Spores of psychrotrophic Bacillus spp. can be 
present, but germination of these spores and outgrowth to any signifi- 
cant extent is unlikely. 

The predominant psychrotrophic genera and species will vary but 
are derived from those present initially in the raw milk (Table 2.5). 
Psedonzonas spp. are the most frequently reported psychrotrophs in 
stored milk, with Pseudomonas jhorescens being the most common. 
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However, Law (1979) suggests that this may be due to the ease with 
which this species can be identified tentatively, rather than due to its 
true distribution. 

Pasteurization will destroy psychrotrophic bacteria in the vegetative 
state, but not those in the spore state. Pasteurization does not neces- 
sarily inactivate the products of psychrotrophs’ metabolism or their 
enzymes. An investigation by Schroeder et al. (1982) indicates that 
spoilage in commercially pasteurized milk can be associated mainly 
with GNRs and post-pasteurization contamination. This is in con- 
trast to laboratory pasteurized milk from the same source where the 
Bacillus species were the predominant microflora causing spoilage 
and no postpasteurization contamination took place. Small-scale 
experiments show that heat-resistant bacterial protease enzymes can 
affect adversely the product yield and quality (Cousins, 1978). 

Although, on a manufacturing scale, demonstration of the above 
effects is not clear-cut, dairy industry professionals recognize that the 
presence of psychrotrophic activity in raw milk will impact both flavor 
quality and curd yields. However, good handling practices can help 
to ensure a quality milk supply by preventing bacterial growth and 
microbial contamination. 
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CHAPTER 3 

MICROBIOLOGY OF MARKET MILKS 
KATHRYN J. BOOR and STEVEN C. MURPHY 
Milk Quality Improvement Program, Department of Food Science, 
Cornell University, Ithaca, New York 

3.1 INTRODUCTION 

Historically, market milk has been defined as fluid milk products sold 
for direct human consumption (Eckles et al., 1936). Although the col- 
lection and use of animal milk for human consumption can be traced 
back to some of the earliest of recorded histories, the concept of market 
milk has developed in more recent times. In general, the market milk 
industry has grown in coincidence with the establishment of major 
metropolitan areas, which typically are not amenable to individual 
ownership of cows for personal milk collection. Until the end of the 
nineteenth century, market milk was primarily raw milk, collected from 
the farm, distributed fresh to the consumer, and consumed fresh. In a 
typical pre-1900 US milk distribution system, milk was collected at the 
farm in 5- to 10-gal cans, transported to the plant, commingled in a vat 
or can-fill machine, and then filled into 3-gal cans.This product was then 
distributed by measure into containers left on consumers’ porches 
(Roadhouse and Henderson, 1941). Currently, these practices would be 
considered unacceptable in the United States because of public health 
concerns as well as the perishability of raw milk. The development of 
pasteurization and other heat processes for dairy products has trans- 
formed the market milk industry and dramatically expanded product 
distribution capabilities in the United States and much of the world. 

Pasteurization is a process based on the 1860s experiments of Louis 
Pasteur, who discovered that by heating wine to 50-60°C €or a few 
minutes, microbial spoilage could be prevented or delayed (Hammer, 
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1948). Soon thereafter, the pasteurization concept was introduced to 
the dairy industry, primarily to extend the keeping quality of milk. 
Although milk quality was the primary concern at this time, the asso- 
ciation of disease-causing organisms with raw milk was also becoming 
more apparent. To illustrate, typhoid fever, diphtheria, brucellosis, and 
tuberculosis were among the human diseases that had been recognized 
as being transmitted through raw milk consumption. In 1875 and 1886, 
respectively, scientists in the United States and in Germany began to 
recommend that milk be heated prior to consumption, especially when 
intended for infant feeding. Upon entry into the twentieth century, heat 
treatment of milk was slowly adopted in many segments of the market 
milk industry. However, the extent and duration of heat treatments 
lacked uniformity among processing operations, and the efficacy of 
bacterial destruction for the various treatments was largely undocu- 
mented. To address these recognized gaps, extensive research was 
conducted to determine the heat treatment required to kill Mycohac- 
t e r i u ~ l  tuberculosis, which, at the time, was considered to be the most 
heat-resistant pathogen associated with milk (Hammer, 1948). This 
work led to the widespread recognition of the public health significance 
of thermal milk processing and formed the basis for modern pasteur- 
ization processes (Hammer, 1948). 

In addition to the widespread application of pasteurization, the 
microbiological characteristics of modern market milks, which include 
whole milk, reduced fat milks, nonfat milk, creams, and numerous 
flavored products, have been influenced by evolving processing tech- 
nologies and regulatory interventions. Such factors include increased 
use and efficiencies of mechanical refrigeration, improved processing 
and sanitation procedures, and enforcement of public health regula- 
tions and inspection procedures. This chapter will discuss the types of 
heat treatments used and current regulations for market milks, as well 
as the microbiology of these products from the perspectives of quality, 
shelf life, and safety. 

3.2 CURRENT HEAT TREATMENTS FOR MARKET MILKS 

The scientific basis for the specific conditions used for heat treating 
milk products is derived from the concepts of microbial thermal death 
times in which destruction of the organisms is assumed to be depen- 
dent on a linear, semilogarithmic relationship of temperature to time 
(Jay, 1996).'Ile overall objectives of the heat treatments developed for 
market milks are lo (1) eliminate or reduce the risk of disease associ- 
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ated with pathogens common to raw milk and (2) extend the keeping 
quality of milk by inactivation of potential spoilage organisms and 
degradative enzymes. The specific objectives are to ensure that all 
particles of milk are heated to the desired temperature for the desired 
time and to avoid significantly damaging the flavor or other quality 
characteristics of the milk. Rapid cooling after the heat process is also 
essential to minimize product heat damage and to control the growth 
of microorganisms that may survive the heat process. In general, the 
higher the heat treatment, the greater the efficiency of microbial 
destruction, but also the greater the chance that the quality of the milk 
will be affected. Heat-associated quality defects depend on the inten- 
sity of the heat, the time of exposure, rates of heating and cooling, 
product composition, and “burn-on” of heat exchangers (Bodyfelt et 
al., 1988). Defects include cooked flavors that range from slight with 
mild sulfur notes, which are considered acceptable to most consumers, 
to “scorched” or “caramelized,” which generally are considered un- 
acceptable. Caramel-like flavors are often associated with the Maillard 
browning reaction, which also may contribute off-colors to highly 
heated milks. 

Microbiological characteristics of market milks are influenced by the 
design of the overall milk production and handling systems in addition 
to the temperature and time combinations used to heat the milk. The 
heat treatments and processing designs generally used for market 
milks can be categorized as (1) pasteurization for limited product shelf 
life under refrigerated storage, (2) ultra-pasteurization or ultra-high- 
temperature (UHT) pasteurization for extended product shelf life 
under refrigerated storage, (3) ultra-high temperature for shelf-stable 
products, and (4) in-container sterilization for shelf-stable products. 

3.2.1 Pasteurization 

The public health objective of milk pasteurization is to eliminate all 
non-spore-forming pathogens commonly associated with milk. Pas- 
teurization also effectively destroys a majority of potential spoilage 
organisms and contributes to product keeping quality under required 
refrigeration storage. Pasteurization, as first adopted in the United 
States, was defined in the 1939 Milk Ordinance and Code as “the 
process of heating every particle of milk to at least 143°F (61.7”C) and 
holding at such temperature for at least 30 minutes, or to at least 160°F 
(71.1”C) and holding at such temperature for at least 15 seconds, in 
approved and properly operated equipment” (Public Health Service, 
1940). These heat treatments were referred to, respectively, as the 
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“holding method” or vat/batch pasteurization and the “flash method” 
or high-temperature short-time pasteurization. These strategies were 
considered equivalent for destroying pathogenic microorganisms in 
milk. In 1956, the vat pasteurization temperature was raised to 63°C 
(145°F) to ensure destruction of Coxiella burnetti, the organism asso- 
ciated with Q-fever, which was found to be more heat-resistant than 
Mycobacterium tuberculosis. Processing requirements from various 
nations are listed in Table 3.1. Current pasteurization temperature- 
time combinations that are considered equivalent are defined by 
the United States Food and Drug Administration (FDA) in the 1999 
Grade “A” Pasteurized Milk Ordinance, as shown in Table 3.2. 

TABLE 3.1. Minimum Temperature and Times for Fluid Milk Heat Treatments 

Country HTST Pasteurization Ultra-Pasteurization UHT Processing 

U S  72°C for 15s 138°C for 2 s Not defined’ 
EEC” 71.7”C for 15s Not defined 135°C for 1 s 
Australia/ 72°C for 15s 132°C for 1 s 132°C for 1 s 

New Zealand 

“Public Health Service. LJS Food and Drug Administration (1999). Grrrtle “A” Pmtertrized Milk  
Ordinanw. 1999 revision. Publication No. 229. 
”European Economic Community: 5.  Health Rules-Raw milk. heat-treated milk and milk based 
products. Council Directive 92/46/EEC of June 16.1992. Laying down the health rules for the pro- 
duction and placing on the market of raw milk, hcat-treated milk, and milk bascd products as 
amended h y  Directive EEC No. 9211 18 of March 15. 1993; Commission Decision Y41330iE.C. of 
June 11. 1994: Directive E.C. No. 94171 of December 13,1994. 
‘Australian New Zealand Food Authority. Food Standards Code. Standard H1-Milk and Liquid 
Milk Products. ht tp:/anzfa.gov.au/FoodStandardCod~/c[~de/parth/HI .htm. 
”l’he thermal process and procedures for manufacturing UHT aseptically processed milk and milk 
products must comply with US Food and Drug Administration rcquirements for sterilizing low 
acid loods (Codc of Federal Regulations Title 21, Part 11.3). 

TABLE 3.2. Equivalent Temperature and Time 
Combinations for Milk Pasteurization by US 
Regulations“ 

Temperature Time 

63°C (145°F)h 30min 
72°C (161°F)‘’ 15s 
89°C (191°F) 1.0s 
90°C (194°F) 0.5s 

Temperature Time 

94°C (201 “F) 0.1 s 
96°C (204°F) 0.05 s 

100°C (21 2°F) 0.01 s 

“Public Health Service. IJS Food and Drug Administration 
( 1999). Grritle “A” Pmreririzc~rl Milk Ordinonce. 1999 revision, 
Publication No. 229. 
”If the fat content of the milk is 10% or more or if i t  contains 
added sweeteners, the required minimum temperature must be 
increased by at least 3°C (5°F). 
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The most commonly used method of pasteurization in the United 
States is the high-temperature short-time process of 72°C for a 
minimum of 15 s. This is normally accomplished by indirect heating of 
the milk through a heat-conducting barrier, usually with a plate heat 
exchanger that separates the heating medium from the milk. A typical 
design for a pasteurization system utilizing a plate heat exchanger 
includes (1) a “regeneration” section in which cold raw milk is on the 
opposite side of the plate from, and flowing counter to, the hot pas- 
teurized milk (this strategy is designed to simultaneously pre-warm 
the raw milk prior to its entry into the heating section and cool the 
pasteurized milk), (2) a heating section in which hot water runs on the 
opposite side of the plate from, and flowing counter to, the pre-warmed 
milk to heat the milk to the desired temperature, (3) a holding tube 
designed to maintain the milk at the desired pasteurization tempera- 
ture for the specified period of time, ahd (4) a cooling section in which 
pasteurized milk flows on the opposite side of the plate from, and 
counter to, a cooling medium. Batch or vat pasteurization is most com- 
monly used in small dairies or for processing small batches of specialty 
products. Typical pasteurized fluid milk products currently manufac- 
tured in the United States have expected shelf lives of 10-21 days at 
refrigeration temperatures, depending on product manufacturing and 
distributing conditions. 

3.2.2 Ultra-Pasteurization (Extended Shelf-Life Milk) 

Ultra-pasteurization is a process recognized in North America in which 
milk is “thermally processed at or above 138°C for at least 2s, so as to 
produce a product that has an extended shelf life under refrigerated 
conditions” (Public Health Service, 1999). Mehta (1980) referred to this 
process as ultra-high-temperature (UHT) pasteurization because the 
heating process generally uses the same equipment as UHT sterilized 
milk, which is described in the next section. Indirect heating by plate 
or tube heat exchangers or direct heating by steam injection or infu- 
sion are applicable to ultra-pasteurized milk. This heat treatment is 
designed to kill virtually all microorganisms found in raw milk, includ- 
ing vegetative cells and bacterial endospores. Although the packaged 
product is not considered to be aseptically filled or hermetically sealed, 
ultra-pasteurization is usually coupled with milk handling and pro- 
cessing procedures that are specifically designed to prevent bacterial 
recontamination of the milk. Commercially manufactured ultra- 
pasteurized fluid milk products have been demonstrated to remain free 
of bacterial contaminants for up to 10 weeks of refrigerated storage 
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(Boor and Nakimbugwe, 1998). Ultra-pasteurized products are often 
referred to as “extended shelf life” (ESL) products with shelf lives 
of 30-90 days or more at refrigeration temperatures. ESL may also 
be used to describe conventionally pasteurized products that are 
processed under stringent conditions designed to prevent postpasteur- 
ization contamination with the goal of extending the shelf life or 
keeping quality of these products. 

3.2.3 Ultra-High-Temperature Sterilization 

Ultra-high-temperature (UHT) sterilization is a process that combines 
rapid heating of milk to very high temperatures followed by aseptic 
handling and packaging to produce a shelf-stable, commercially sterile 
product. The goal of UHT sterilization is to achieve a 9-log reduction 
of thermophilic endospores that would naturally occur in raw milk 
(Burton, 1988; Hinrichs and Kessler, 1995). This treatment is consid- 
ered adequate to ensure a 12-log reduction of Clostridirim botulinum 
spores, as required for canning low acid foods (Burton, 1988; Jay, 1996). 

Although heat treatments for UHT milk vary from country to 
country, temperatures of 130-150°C with holding times of 1 s or more 
are prescribed, with holding times of 2-8 s commonly applied. Temper- 
atures of less than 135°C are considered insufficient for sterilization 
(Mehta, 1980). Burton (1988) defined the UHT process as one in which 
the product is heated in continuous flow to a temperature of 135-150°C 
and maintained at that temperature for a length of time sufficient to 
ensure commercial sterility with an acceptable change in the product 
(e.g., flavor, color, and nutrient composition). The product after steril- 
ization is aseptically filled into appropriate sterile containers for non- 
refrigerated distribution and sale. 

In the United States, the thermal process and procedures for manu- 
facturing LJHT aseptically processed milk and milk products must 
comply with the FDA requirements for sterilizing low acid foods (US 
Code of Federal Regulations Title 21, Part 113) and the requirements 
of the Pasteurized Milk Ordinance (PMO; Public Health Service, 1999). 
The products must be hermetically sealed in a container, free of micro- 
organisms capable of reproducing under unrefrigerated conditions 
and free of viable microorganisms of public health significance, includ- 
ing bacterial endospores. Heat treatments at or above those commonly 
used for ultra-pasteurization are generally considered acceptable for 
LJHT processing. 

UHT processing first emerged in the late 1940s, with the develop- 
ment of a tubular indirect heating system (Stork Netherlands) and 
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the Uperization steam-into-milk system (Alpura AG & Sulzer AG, 
Switzerland). The aseptic canning systems that were available at this 
time made the product difficult and expensive to produce. In 1961, the 
development of an aseptic form-fill-seal packaging system (Tetra Pak, 
Sweden) was instrumental in making UHT milk a commercially viable 
product (Burton, 1988). Today, UHT milk is processed either by indi- 
rect heating or by direct heating (Mehta, 1980; Burton, 1988; Bylund, 
1995) coupled with aseptic handling and packaging. Indirect process- 
ing involves a heat-conducting barrier, such as a stainless steel plate 
(plate heat exchanger) or tube (tube heat exchanger) that separates the 
heating medium from the milk. After the required time at the required 
temperature, milk is generally cooled by successive indirect cooling 
heat exchangers. Direct processing of UHT milk involves heating 
milk by mixing it with culinary steam. Direct heating systems for UHT 
milk include steam injection, steam infusion, and falling film designs. 
With steam injection systems, steam is injected directly into the 
milk flow. With steam infusion and falling film systems, the milk 
is sprayed or dropped as a thin film into a vessel of pressurized steam. 
The milk is maintained at the required temperature for the required 
time in the holding area and is then immediately cooled. Cooling is typ- 
ically accomplished in a condenser equipped with a vacuum/expansion 
chamber, which also removes water that was added to the milk through 
the steam. Milk is further cooled, transported to aseptic holding tanks, 
and then packaged in an aseptic filling machine. Milk products are 
typically packaged using form, fill, and seal equipment or aseptic 
bottle fillers. UHT-sterilized milk products are considered shelf-stable, 
with expected shelf lives of 3 months to 1 year with no refrigeration 
required. 

3.2.4 In-Container Sterilization 

Conditions specified for in-container sterilization of milk include tem- 
peratures from 105°C to 120°C for 20-40min (Burton, 1984; Hinrichs 
and Kessler, 1995). With this strategy, milk is prefilled into cans or 
bottles that are hermetically sealed, and then the milk is heated in an 
autoclave or a batch or continuous retort. As with UHT processing, the 
goal of the in-container sterilization process is to hold the product at a 
sufficient temperature for a sufficient length of time to ensure a 9-log 
reduction of thermophilic bacterial endospores (Hinrichs and Kessler, 
1995) or a 12-log reduction of Clostridium hotulinum. In-container ster- 
ilized milk products are less commonly manufactured than UHT prod- 
ucts. The most common application of the process is in the manufacture 
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of milk-based flavored (e.g., coffee) beverages. In general, milk prod- 
ucts processed in this manner are subject to more pronounced defects 
related to cooked flavors and the Maillard browning reaction than are 
products processed by other UHT strategies. In-container sterilized 
milk products have expected shelf lives of a year or more with no refrig- 
eration required. 

3.3 

AND SHELF LIFE 

THE MICROFLORA AND ENZYMATIC ACTIVITY OF 
HEAT-TREATED MARKET MILKS-INFLUENCE ON QUALITY 

Food product shelf life is the length of time that a food can be kept 
under practical storage conditions and still retain acceptable quality 
characteristics. These characteristics include sensory appeal (odor, 
flavor, texture, and physical appearance) and product safety (Muir, 
1996). The initial quality and shelf-life stability of heat-treated market 
milks is dependent on (1) the microbiological and enzymatic quality of 
the raw milk and other ingredients used in manufacturing, (2) the heat 
resistance and activity of intrinsic and microbial enzymes associated 
with the raw milk, (3) the types, initial numbers, and potential growth 
of microorganisms that survive the heat treatment processes, and (4) 
the incidence, types, and growth of microorganisms that recontaminate 
the product after the heat treatment (postpasteurization contamina- 
tion). In general, obvious sensory defects related to microbial growth 
do not occur until bacterial populations exceed 106-107 cfu/ml, although 
the actual defects encountered are dependent on the types and 
activity of the microflora present (Pate1 and Blankenagel, 1972; Muir, 
1 996). 

3.3.1 Pasteurized Market Milks 

3.3.1.1 The Influence of Raw Milk Quality. Raw milk quality will 
influence the quality of the processed products. High-quality raw milk 
is essential for high-quality, long-lasting market milk products. Raw 
milk can deteriorate prior to processing as a consequence of milk pro- 
duction and handling procedures that result in contamination and 
growth of microorganisms that degrade milk components. In many 
countries, raw milk is required to be held under refrigerated conditions 
prior to processing; however, lack of electrification and appropriate 
technology prevents on-farm milk refrigeration in many parts of the 
world. Poor cooling conditions may lead to the rapid growth of 



THE MICROFLORA AND ENZYMATIC ACTIVITY OF HEAT-TREATED MARKET MILKS 99 

mesophilic bacteria such as lactic acid bacteria. When these bacteria 
are present in large numbers (>lo6 cfu/ml), defects associated with 
the presence of lactic acid, other fermentation by-products, and milk 
protein degradation may be detected. Certain strains of Lactococcus 
lactis (formerly Streptococcus lactis var. maltigenes) are responsible 
for a “malty” defect that has been associated with inadequate cooling 
of raw milk. This defect may develop further in products processed from 
raw milk bearing this defect. A number of compounds have been found 
to contribute to the “malty” aroma in addition to 2-methylpropanol and 
3-methylbutanol, which are considered to be the principal components 
of this defect (Bodyfelt et al., 1988). 

Under refrigerated storage, Gram-negative rods capable of repro- 
ducing under refrigeration temperatures (termed psychrotrophic), 
principally Pseudomonas spp., often dominate the microflora of raw 
milk, especially when the milk is held for extended periods prior to pro- 
cessing (Cousin, 1982; Muir, 1996; Shah, 1994). Defects due to excessive 
numbers of psychrotrophic microorganisms in the raw milk also can 
negatively affect the quality of the finished product. Defects are gen- 
erally the result of the action of exo-enzymes, specifically proteinases, 
which destabilize milk proteins to release bitter peptides as well as 
lipases, phospholipases, and esterases that act on milk lipids to yield 
rancid, unclean, and fruity off-flavors. In addition, some bacterial 
strains, particularly Gram-negative psychrotrophs, produce heat-stable 
enzymes that can survive the pasteurization process and continue to 
degrade product quality, even though the original organism may have 
been destroyed by the thermal treatment. Such heat-stable enzymes 
include proteinases that can create bitter compounds, unclean flavor 
components, and gelation of UHT milks (Fairbairn and Law, 1986; 
Mottar, 1989). Heat-stable lipases can contribute to the development 
of rancid and unclean flavor notes (Stead, 1986; Mottar, 1989). Exten- 
sive reviews are available on this subject (Fairbairn and Law, 1986; 
Stead, 1986; Mottar, 1989). 

Raw milk may also bear thermoduric bacteria that survive pasteur- 
ization and other heat treatments (Olson and Mocquat, 1980; Hull 
et al., 1992; Kikuchi et al., 1996). Some of these organisms are capable 
of reproducing under refrigerated conditions (Boor et al., 1998; Ralyea 
et al., 1998), which can lead to bacterial numbers that exceed the 
regulatory limits for the finished products and create product defects, 
thereby shortening product shelf life. Psychrotrophic spore-forming 
bacteria that survive pasteurization are often implicated in milk 
spoilage despite the fact that the numbers of these organisms in the 
raw milk supply are often very low, that is, <l/ml (Boor et al., 1998). 
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Pate1 and Blankenagel (1972) found that batch pasteurized milk 
made from raw milks with bacteria numbers >106cfu/ml had a greater 
tendency to develop defects after 1-2 weeks of storage at 7°C than did 
products manufactured from milk with lower bacterial counts. Bitter- 
ness was the most common defect described.They also found that some 
pasteurized samples made from raw milk with bacterial numbers in 
excess of 108cfu/ml had acceptable flavor after 2 weeks of storage, illus- 
trating the concept that the type of bacteria present and their associ- 
ated enzymatic activities are critical determinants of product stability. 
While it has been suggested that pasteurized milk products should not 
be manufactured from raw milks that exceed 5 x 106cfu/ml at the time 
of processing (Muir, 1996), regulations and industry standards dictate 
lower count raw milk to ensure high product quality (Table 3.3). 

Enzymes inherent to the raw milk can also affect milk quality. 
Although many enzymes, such as lipoprotein lipase and alkaline phos- 
phatase (ALP), are inactivated by pasteurization, others may withstand 
this heat treatment. ALP, which has been shown to be more heat- 
resistant than C. burnetii, is commonly used as an indicator of pasteur- 
ization efficacy for bovine milk. Detection of ALP in pasteurized milk 
suggests either inadequate pasteurization or recontamination with raw 
milk. Some recent work suggests the possibility that enzymes associ- 
ated with high somatic cell counts due to mastitis can survive pasteur- 

TABLE 3.3. Microbial and Somatic Cell Count Standards for Raw Milk for 
Pasteurized Milk Products 

Country Producer Raw Milk Plant Raw Milk 

U S A  100,000 cfuiml 

Canada" 50,000 cfuiml 

E E C  100,000 cfuiinl 

AustraliaiNew Zealand" 150,000 cfuiml 

750,000 SCC 

500,000 SCC 

400,000 SCC 

300,000 cfuiml 

50,000 cfuiml 

300,000cfuiml 

150,000 cfuiml 

"Public Health Service. US Food and Drug Administration ( 1  999). Grade "A" Pasieurizcd Milk 
Ordinarice. 1999 revision. Publication No. 229. 
"Canadian Food Inspcction System, National Dairy Regulation and Code, October 1. 1907. Pro- 
rlirctiori r ir ir l  Processirzg Regulntions, Part 2: Processing. http://cfis.agr.ca/codedairyreg2.htni. 
'European Economic Community. S. Health Rules-Raw milk, heat-treated milk, and milk based 
products. Council Directive 921461EEC of June 16,1992. Laying down the health rules for the pro- 
duction and placing on  thc market of raw milk, heat-treated milk, and milk based products as 
amended hy Dircctivc E E C  No. 921118 of March 1.5, 1993; Commission Decision 04133WE.C. o f  
June 11. 1994; Directive E.C. No. 94171 of December 13,1994. 
"Australian New Zealand Food Authority, Food Standards Code. Standard H1-Milk and Liquid 
Milk Producls. htt~~:/anzf;t.gov.au/F~~odStandardCode/cod~/partb/Hl .htm. 
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ization and cause an increase in bitter and rancid off-flavors in HTST 
pasteurized products stored beyond 14 days (Ma et al., 2000). Stage of 
lactation may also affect the quality of finished product. According to 
Auldist et al. (1996), early lactation milk was more prone to gelation 
than late lactation milk, whereas milk with higher somatic cell counts 
tended to gel first in both categories. This study suggests that age gela- 
tion may be influenced by milk compositional factors and may not be 
always directly linked to proteolysis. 

3.3.1.2 Microflora of Pasteurized Milk. The microflora of pasteur- 
ized milk is primarily bacterial in nature, although contamination with 
yeasts and molds can occur. Bacteria commonly isolated from past- 
eurized milk are usually the same types of bacteria that are found in 
raw milk. Microorganisms found in pasteurized milk originate from 
(1) thermoduric organisms present in the raw milk supply, (2) raw miIk 
contact with contaminated handling and processing equipment, and (3) 
entry after the pasteurization process. Typical total bacterial numbers 
in freshly pasteurized milk are less than 1000cfu/ml. Acceptable limits 
for bacterial numbers in pasteurized milk are listed in Table 3.4. 

The initial microflora of freshly pasteurized milk usually reflects the 
Gram-positive thermoduric microflora present in the raw milk. 
Although the raw milk supply is generally considered to be the princi- 
pal source of thermoduric species (including Bacillus spp.) that are 
present in pasteurized milk, an improperly cleaned dairy plant pro- 
cessing system may also contribute large numbers of these organisms. 
In-plant contamination of milk with these types of organism can occur 
before, during, or after the pasteurization process (Te Giffel et al., 
1997). Thermoduric strains of Bacillus, Microbacteriurn, Micrococcus, 
Enterococcus, Streptococcus, Arthrobacter, Lactobacillus, and Clostri- 
dium have been isolated from processed milk products (Olson and 
Mocquat, 1980; Martin, 1981; Hull et al., 1992; Kikuchi et al., 1996; 
Ralyea et al., 1998). Heat processing characteristics affect the relative 
proportions of bacterial types that survive pasteurization (Cromie et 
al., 1989). Gram-negative bacteria generally do not survive pasteuriza- 
tion (Cousin, 1982), unless total bacterial numbers in the raw milk 
exceed the thermal destruction capability of the pasteurization pro- 
cess (Pate1 and Blankenagel, 1972). The Bacillus species that have 
been most commonly isolated from raw milk are listed in Table 3.5. 
B. licheniformis, B. cereus, B. circulans, and B. subtilis are the species 
that have been most commonly isolated from freshly pasteurized 
products (Hull et al., 1992; Ternstrom et al., 1993; Crielly et al., 
1 994). 
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TABLE 3.4. Microbiological Standards for Pasteurized Milk Products 

Count ry"  Tota l  Bacter ia"  Coliform Bacter ia"  

USA 20,000 

C a n a d a  

EEC 

rn = 10,000 
M = 25,000 
n = 5  
c = 2  

After 5 days a t  6°C 
rn = 50,000 
M = s00,000 

I1 = 5 
c =  1 

Austral ia /  nz = 50,000 
New Z c a l a n d  M = 100,000 

n = 5  
c = l  

10 

m = 1 
M = 10 

I1 = 5 
c = 2  

rrz = 0 
M = 5  
n = 5  
c = l  

nz = 1 
M =  10 
n = S  
c =  1 

"Sources are Same as those for Table 3.3.  
"Total bacteria and coliform bacteria counts given as thc upper limit of cfuiml for the LJnitecl 
States. For Canada. EEC. and AustraliaiNew Zealand. two-tiered limits are givcn, with allowable 
results based on  I I  number of samples as described below: 
II  = number ol' samplc units (subsamples) to Iw cxarnined per lot. 
m = maximum number of bacteria per gram or milliliter o f  product ihai is of no  concern (accept- 
able level of  contamination). 
M = maximum number of bacteria per gram or  milliliter of product. which, if exceeded by any 
one sample unit (subsamples), renders the lot in violation of thc Regulations. 
c = maximum number of sample units (subsamples) per lot that may have a bacterial 
concentration highcr than the value for m hut less than value for M without violation ol the 
regulations. 

TABLE 3.5. Bacillus Species Isolated from Raw and 
Pasteurized Milk 

B. hrevis" 
B. carotarum" 
R. cereus" 
B. cereus var. mycoirles" 
B. circiiluns" 
B. coaguluns 
B. jirmiis" 
B. la teropso rus 

B. Ientiis" 
l3. lichenifornzis 
B. megatariurn 
B. polymyxa" 
B. pumilus" 
B. sphaericus 
B. stearothermophiliis 
B. siihtilis 
B. thuringiensis" 

"Indicates psychrotrophic strains isolated by Griffiths and 
Phillips (1 990). 

Smrces:  Martin (1981), Matta and Punj (19YY). Meer ct al. 
(IYYl), and Griffiths and Phillips (lY90). 
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Not all thermoduric strains of bacteria are capable of reproducing 
in pasteurized milk under conditions of refrigerated storage. Small 
numbers of bacterial contaminants of this nature are unlikely to cause 
product spoilage within a typical fluid milk product shelf life. How- 
ever, psychrotrophic strains of Bacillus, Micrococcus, Enterococcus, 
Corynebacteriurn, Microbacterium, Arthrobacter, and Lactobacillus 
have been identified (Cousin, 1982; Meer et al., 1991). Strains of B. 
cereus (and the closely related B. rnycoides) have been implicated as 
the cause of “sweet-curdling” of milk and “bitty” cream (Overcast and 
Atmaram, 1974; Meer et al., 1991). Other milk defects that have been 
associated with Bacillus include bitter, yeasty, unclean, and rancid off- 
flavors as well as coagulation of the milk proteins. Although commonly 
present in milk, B. cereus, a potential foodborne pathogen, may not 
grow as well at lower refrigeration temperatures ( 4 ° C )  as other Bacil- 
lus spp. such as B. polymyxa and B. circulans (Langeveld and Cuperus, 
1980; Ternstrom et al., 1993). In a comparison of microbial numbers 
present in the same milks held for 3 weeks at 5°C and for 2 weeks at 
7”C, Ternstrom et al. (1993) found that 66% and 86% had bacteria 
counts of >107cfu/ml, respectively. In product held at 5”C, B. polyrnyxa 
was isolated from 17% of the milks that had reached 107cfu/ml, 
whereas B. cereus was not isolated. In product held at 7”C, B. cereus 
was isolated from 18% of the samples, suggesting that the increased 
temperature influenced the relative abilities of the organisms to 
reproduce. 

Psychrotrophic Gram-positive organisms other than Bacillus spp. 
also may be responsible for limiting the shelf life of pasteurized milk. 
Kozlowski et al. (1993) evaluated the dominant microflora of 106 com- 
mercial pasteurized milk samples with total bacterial counts exceeding 
106cfu/ml after 14 days of storage at 61°C. Although the predominant 
organisms were Gram-negative rods, Gram-positive cocci were isolated 
from five of the samples tested. Bacillus strains were not found in this 
study. In approximately 7% of samples tested, Ternstrom et al. (1993) 
found strains of Leuconostoc, Lactobacillus, Enterococcus, and other 
unidentified Gram-positive bacteria at numbers of 107cfu/ml in milks 
stored at 7°C for 2 weeks. 

In general, postpasteurization contamination contributes the major- 
ity of microorganisms that contaminate and spoil pasteurized milk 
(Griffiths et al., 1984); thus, elimination of contamination sources can 
dramatically influence processed product shelf life (Gruetzmacher and 
Bradley, 1999).To illustrate, HTST product shelf life was extended from 
<7 days to >21 days following identification and elimination of a single 
point source of Pseudornonas spp. contamination in a product filling 
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unit (Ralyea et al., 1998). Rapid trouble-shooting of postpasteurization 
contamination sites can be accomplished through application of tools 
such as adenosine triphosphate-bioluminescence hygiene monitoring 
kits (Murphy et al., 1998). 

Postpasteurization contamination occurs when microbes are re- 
introduced into the pasteurized product as a consequence of product 
contact with contaminated processing or packaging equipment or 
workers. Postpasteurization contamination of milk is usually due to 
deficiencies in a plant’s cleaning and sanitation program or to mal- 
functioning equipment. Typical processed milk contamination sources 
include improperly cleaned pasteurizers and filling units (Gruetz- 
macher and Bradley, 1999), plant water, airborne contaminants, and 
dairy personnel who may mishandle equipment components that are 
milk contact surfaces. The presence of milk residues on inadequately 
cleaned milk contact surfaces can support the growth of contaminating 
microorganisms. If not removed or inactivated, these microorgan- 
isms can subsequently contaminate milk during the next processing. 
Biofilms, which consist of microorganisms and cellular by-products that 
are attached to surfaces, have been implicated as persistent sources of 
contamination in dairy processing operations. For example, I? fragi has 
been shown to attach to stainless steel surfaces, even under the dynamic 
conditions of constant milk flow (Stone and Zottola. 1985). Once 
biofilm attachment occurs, equipment surfaces become more difficult 
to clean and sanitize (Frank and Koffi, 1990; Mosteller and Bishop, 
1993). Thus, cleaning and sanitizing programs designed to control 
biofilm formation should help to reduce the likelihood of product con- 
tamination through contact with processing equipment. Specific strate- 
gies for reducing postpasteurization contamination and for extending 
the shelf life of pasteurized milk have been described by Barnard et al. 
( 1992). 

The presence of Gram-negative spoilage organisms, particularly 
Pseudomonas spp,, currently are the primary contributors to the psy- 
chrotrophic spoilage of pasteurized milk (Cousin, 1982; Craven and 
Macauley, 1992; Kozlowski et al., 1993; Ternstriim et al., 1993; Shah, 
1994). Although milk spoilage is most commonly attributed to the pres- 
ence of high numbers of P fiuorescens, strains of I? fragi, I? putida, 
and P rnaltophilia are also common (Wiedmann et al., 2000). Defects 
associated with Pseudomonas growth include fruity, bitter, rancid, and 
unclean off-flavors as well as coagulation of the milk proteins. Other 
psychrotrophic Gram-negative bacteria that grow and cause spoilage 
in pasteurized milk include strains of Alcaligenes, Flavobacterium, 
and Enterobacteriaceae. Psychrotrophic Enterobacteriaceae that have 
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been isolated from milk include Enterobacter cloacae, E. agglornerans, 
E. zakazakii, Citrobacter freundii, Klebsiella oxytoca, and Hafnia alvei 
(Wessels et al., 1989; Kozlowski et al., 1993). 

Because Gram-negative coliform bacteria do not survive past- 
eurization treatments, the presence of these organisms in pasteurized 
products is used by the dairy industry as an indication of the possi- 
bility of postpasteurization contamination. Coliforms are defined as 
aerobic and facultatively anaerobic, Gram-negative, non-spore-forming 
rods that are able to ferment lactose with the production of acid and 
gas at 32°C or 35°C within 48 hours (Christen et al., 1993). Coliform 
bacteria isolated from milk and dairy products include species of 
Escherichia, Enterobacter, and Klebsiella and selected strains of other 
fermentative bacteria. Currently, in the United States, the legal limit for 
coliforms in milk is 10 per ml (Public Health Service, 1999). The 
absence of coliforms does not guarantee the absence of other bac- 
terial contaminants that might cause deterioration of the milk, nor does 
the presence of coliforms guarantee that other spoilage organisms are 
present. 

Numbers of psychrotrophic contaminants occurring in freshly pas- 
teurized milk can be very low, perhaps below detection limits by con- 
ventional enumeration strategies-that is, <10cfu/ml (Douglas et al., 
2000). However, the ability of these organisms to reproduce at refrig- 
eration temperatures can allow them to flourish during storage. Cousin 
(1982) describes generation times for some psychrotrophic milk con- 
taminants of less than 6 h at temperatures less that 7°C (45°F). Given 
these kinetics, if one bacterium were to reliably double every 6 h, bac- 
terial numbers could exceed 10 million after 7 days. Thus, even low- 
levels of postpasteurization contamination can dramatically influence 
product shelf-life. 

A summary of the shelf life characteristics of samples collected over 
a 2-year period from 25 dairy processors is presented in Table 3.6. After 
14 days of refrigeration storage, 23% of the samples had bacterial 
numbers exceeding 106cfu/ml after only 7 days of refrigeration storage, 
suggesting a significant level of postpasteurization contamination 
among many of the manufacturers’ products. However, 26% of the 
HTST pasteurized milk samples tested had <20,000 cfu/ml, which, in 
general, was due to the absence of Gram-negative psychrotrophic post- 
processing contaminants in these samples. These data demonstrate the 
potential for extending fluid milk shelf life beyond 14 days for HTST 
fluid milk products. The shelf life actually attained by a product 
depends on a number of variables. Some of these factors include (1) 
the types and initial numbers of psychrotrophs present in the processed 
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TABLE 3.6. Percent of Pasteurized Milk Samples Meeting Shelf-Life Criteria 
During 14-Day Storage at 6.1"C 

~~ 

Test Criteria" Initial Day 7 Day 10 Day 14 

Total count S20.000 99 60 43 26 
Total count 510' 100 77 51 41 
Coliform count $10 98 85 79 79 
Acceptable flavor' 99 96 82 62 

"From Boor and Bandler (1998) and Boor and Bandler (1999). n = 371. Products included homog- 
enized full-fat. reduced fat (2% BF), lowfat (1% BF). and nonfat milk lrom four samplings at 
each of 25 processing plants. 
"Test criteria: <20,000 based on the US regulatory limit: 210' due to likelihood of detection of 
sensory defects a t  and above this limit: 510 coliform based on the U S  regulatory limit. 
'Flavor acceptability determined by six to eight trained panelists following guidelines as described 
bv Bodylelt ct al. (198X). 

product, (2) the extent of microbial injury due to heat or exposure 
to sanitizing chemicals and repair time necessary prior to bacterial 
reproduction, (3) the length of the lag phase before bacterial growth 
commences, and (4) bacterial generation times at refrigeration tem- 
peratures, because different holding temperatures will influence 
microbial ecology (Ternstrom et al., 1993). As processors succeed in 
preventing postpasteurization contamination by Gram-negative bac- 
teria that are present in the processing environment, product shelf 
life will be influenced primarily by the psychrotrophic nature of the 
residual thermoduric microflora (Ralyea et al., 1998). 

3.3.2 Ultra-pasteurized Milk 

3.3.2.1 Influence of Raw Milk Quality. The primary objective of 
ultra-pasteurization processing is the elimination by heating of virtu- 
ally all microorganisms present in raw milk. The heating process may 
not inactivate heat-stable enzymes, however, and these enzymes can 
contribute to product deterioration during storage. Sources of heat- 
stable enzymes in raw milk include Gram-negative psychrotrophic 
organisms (Adams et al., 1975; Adams and Brawley. 1981: Fairbairn and 
Law, 1986; Stead, 1986) and indigenous enzyme systems, including plas- 
minogen and plasmin (Manji et al., l986).T0 date, the influence of heat- 
stable enzymes on ultra-pasterized (UP) milk quality has not been well 
documented: however, refrigerated storage of these products may help 
reduce enzymatic degradation of the products during product shelf 
life. For example, in one study of commercial UP milks held at 7"C, 
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stable acid degree values throughout 10 weeks of storage suggested 
limited product lipolysis. An increase in tyrosine values in the same 
products suggested some proteolysis; however, no detectable sensory 
defects were observed within the 10-week storage period (Boor and 
Nakimbugwe, 1998). In general, the optimal activities of the majority 
of heat-stable enzymes that have been studied are above refrigeration 
temperatures, generally ranging from 30°C to 45"C, with reduced or 
limited activities below 7°C (Mottar, 1989). 

3.3.2.2 Microflora of UP Milks. Microbial numbers in UP milk 
products are controlled by (1) microbial destruction from ultra- 
pasteurization heat treatment, (2) sterilization of milk contact surfaces, 
and (3) application of disinfection strategies to UP milk packaging 
materials. In general, UP milk packaging equipment is enclosed to 
protect the product from environmental contamination. The air within 
the filling equipment is usually treated by high-efficiency particulate air 
(HEPA) filtration to reduce the presence of airborne contaminants. 
Immediately prior to filling, packaging materials are typically disin- 
fected with hydrogen peroxide, heat, ultraviolet light, or a combination 
thereof. Effective application of these combined strategies can render 
the milk product virtually free from microbial recontamination 
(Henyon, 1999). Prevention of product contamination by potential 
spoilage microorganisms can allow refrigerated product shelf life of 
30-90 days and more. However, any deficiencies in the sanitation 
process could allow postprocessing contamination, which could result 
in product spoilage similar to that seen in conventionally pasteurized 
milk. 

Although UP milk packaging material is disinfected, it is not neces- 
sarily sterile; thus residual microflora associated with packaging mate- 
rials may be a limiting factor in UP product shelf life. Paperboard used 
for liquid packaging may bear various species of fungi such as Penicil- 
lium (Narciso and Parish, 1997). Bacteria that have been isolated from 
paperboard include aerobic spore-forming bacteria such as species of 
Bacillus and Paenibacillus (Pirttijavi et al., 1996). Product exposure to 
unlaminated paperboard edges may allow milk to wick into the mate- 
rial, which may promote growth of organisms that may be present in 
the paperboard (Sammons et al., 2000). Although uncommon, mold 
growth has been reported in packaged UP milks, especially when 
storage has been extended beyond 45 days. Gable-top paperboard 
packaging materials used for UP milks may be treated with gamma 
irradiation to eliminate microbial contamination. 
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3.3.3 UHT Sterilized Milk 

3.3.3.1 Influence of Raw Milk Quality. UHT milk is heat-processed 
and packaged to render the product commercially sterile. The objec- 
tive of UHT processing as defined by the European Economic 
Community (EEC) Health Rules is to destroy all spoilage organisms 
and their spores. Burton (1988) gives the following example to calcu- 
late the theoretical spoilage rate of a UHT product. If milk contains 
100 spores per milliliter and is heat-treated at a temperature and 
time that results in a sterilization efficiency of 8 for that organism 
(lo8 reduced to 1) and 10,000 liters are processed, the number of 
surviving spores would be 10,000 x 1000 x 100/108 = 10. If this milk was 
packaged in 1-liter containers, then 1/1000 packages could contain a 
surviving spore and, thus, have an increased likelihood of bacterial 
spoilage. Burton (1988) recommends heating raw milk to 100°C for 
30min to obtain an estimate of heat-resistant spores that might survive 
UHT processing. In one study, the mean number of mesophilic aerobic 
spores detected after heating raw milk from various sources to 80°C 
for 12min was less than l00cfu/ml, suggesting that numbers of heat- 
resistant organisms in the raw milk supply may be quite low (Boor 
et al., 1998). 

As with pasteurized and UP milks, raw milk defects due to exten- 
sive bacterial growth can negatively affect packaged LJHT milk quality. 
Milk casein exposed to microbial proteinases can become unstable 
upon exposure to heat, which may result in product coagulation 
during UHT processing (Mottar, 1989). Heat instability of this 
nature has been linked to the presence of raw milk mixed flora of 
7 x 106cfu/ml as well as to 107 to 1o8cfu/ml of specific strains of 
Pseudomonas. 

Heat-stable enzymes that can survive UHT heat processing and 
negatively affect processed product quality are produced by a number 
of Gram-negative bacteria that are common in raw milk, including 
strains of Pseudornonas, Acinetobacter, Achromobacter, Aerornonas, 
FZavobacterium, and Serratia (Mottar, 1989). Enzymes that affect UHT 
milk quality include extracellular proteinases and lipases. To minimize 
the risk of processed product defects associated with heat stable micro- 
bial enzymes, Burton (1988) suggests maintaining raw milk bacterial 
numbers below 5 x 1 O5 cfu/ml prior to processing. 

Heat-stable proteinases of microbial origin have been implicated in 
the development of bitter peptides and in the acceleration of age gela- 
tion in UHT milk. These proteinases have been found to be most active 
against K-casein and p-casein, with minor activity against a-casein and 
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little or no activity against the whey proteins (Adams et al., 1976; Law 
et al., 1977, Lopez-Fandino et al., 1993). The development of bitterness 
has been shown to correlate with the protease activity (Adams et al., 
1976) and the extent of proteolysis in UHT milks (Collins et al., 1993). 
The proteolytic activity against K-casein has been likened to chymosin 
coagulation of milk and is thought to be responsible, in part, for age 
gelation of UHT milks. Age gelation is characterized by the formation 
of a soft curd and loss of fluidity (Manji et al., 1986). 

Adams et al. (1975) identified multiple Pseudomonas isolates 
capable of producing proteinases that retain >70% activity after a heat 
treatment of 149°C for 4s. The optimal activities of these Pseudomonas 
proteinases are reported at temperatures ranging from 30°C to 45°C 
(Fairbairn and Law, 1986; Mottar, 1989), with significant reductions in 
activity at refrigeration temperatures. In UHT milks processed from 
21 batches of naturally contaminated raw milk, proteolysis was most 
extensive when the milk was held at 30°C in comparison to products 
stored at other temperatures ranging from 2°C to 50°C (Kocak and 
Zadow, 198.5). Proteolysis was negligible in milks held at or below 10°C. 
Preprocessing bacterial numbers in this milk ranged from 9.1 x lo4 
to 7.2 x 107cfu/ml. In this study, no correlation was found between 
numbers of microorganisms, extent of proteolysis, or age gelation. In 
another study, onset of UHT milk gelation was measured in products 
made from raw milk in which a heat-resistant proteinase-producing 
strain, Pseudomonas fluorexens AR11, was grown to various concen- 
trations (Law et al., 1977). Gelation occurred after 10-14 days or 8-10 
weeks at 20°C when raw milk bacterial numbers had been 5 x lo7 or 
8 x 106cfu/ml, respectively. Although age gelation has been associated 
with heat-stable proteolytic enzymes, the extent of milk proteolysis at 
the onset of gelation can vary considerably, suggesting that proteolytic 
activity may not be a direct predictor of gelation (Kocak and Zadow, 
1985; Manji et al., 1986). Variability in the onset of age gelation has 
been hypothesized to result from variations in (1) the specific microflora 
of the raw milk, (2) the specificity, activity, and heat resistance of 
both microbial and endogenous milk enzymes, and (3) the rate of 
composition- and temperature-dependent physiochemical reactions 
(Kocak and Zadow, 1985). 

Heat-stable lipases also have been shown to influence the quality of 
UHT milk, although to a lesser extent than proteinases (Adams and 
Brawley, 1981; Stead, 1986; Mottar, 1989). Choi and Jeon (1993) found 
that levels of short-chain fatty acids associated with rancid flavors in 
milk increased at during UHT product storage at 35°C but not during 
storage at 25°C. 
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3.3.3.2 Microflora of UHT Milk. Microbial control strategies for 
UHT milks are similar to those described for ultra-pasteurization pro- 
cessing, except that the products are aseptically packaged in sterilized 
packaging materials in a sterile environment to yield commercially 
sterile products. Product spoilage due to postprocessing contamination 
is prevented by adherence to and documentation of scientifically estab- 
lished processing parameters with properly operated equipment and 
reliably sealed containers (Dunkley and Stevenson, 1987). If the steril- 
ity of the system is compromised at any point during processing, the 
process must be shut down and the equipment cleaned and resterilized 
before processing is resumed. 

3.4 PATHOGENIC MICROORGANISMS ASSOCIATED WITH 
HEAT-TREATED MARKET MILKS 

3.4.1 Pasteurized Milk: Pathogenic Agents not Destroyed 
by Pasteurization 

Currently, the most common method for destroying pathogenic organ- 
isms and for reducing or eliminating spoilage organisms in US dairy 
products is through pasteurization by the HTST method. These thermal 
treatments are designed to destroy the most heat-resistant of the non- 
spore-forming pathogens, specifically, Coxiella burnetii. Some microbes 
can survive pasteurization (Hammer et al., 1995). Spore-forming 
bacteria, including those of the Bacillus and Clostridium genera (e.g., 
Bacillus cereus, Clostridium botulinum, Clostridium perfringens), are 
among the heat-resistant pathogens that occasionally can be isolated 
from pasteurized milk. Some studies also suggest the possibility that 
Mycobacteriunz paratuberculosis, a bacterium that causes Johne’s 
disease in cattle and that has been hypothetically linked to Crohn’s 
disease in humans, may also survive pasteurization (Mechor, 1997). For 
example, in one study designed to examine commercially pasteurized 
milk for the presence of M. paratuberculosis. Millar et al. (1996) found 
that at least 15 of 312 milk samples collected at retail stores contained 
viable M. paratuberculosis. These results do not necessarily prove that 
M.  paratuberculosis survives commercial pasteurization procedures, but 
could also suggest the possibility of postpasteurization contamination 
with this organism. 

Mycobacterium paratuberculosis is the causative agent of Johne’s 
disease in dairy cows. This transmissible disease, which currently affects 
approximately 33% of US dairy herds (Collins, 1997), dramatically 
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reduces milk production, reproductive performance, and animal con- 
dition (Stabel, 1997) and thus has a significant negative economic 
impact on the dairy industry. This organism, which is excreted in feces 
and milk, is reportedly not as easily inactivated by pasteurization and 
thermal treatments as other bacteria infecting humans and animals 
(Sung and Collins, 1998). Determination of definitive thermal destruc- 
tion characteristics of M. paratuberculosis does not represent a trivial 
undertaking because culturing techniques for this organism are labor- 
intensive and very slow, taking up to 16 weeks to produce visible 
colonies on appropriate microbiological media (Collins, 1997). 

The association between M. paratuberculosis and human Crohn’s 
disease is highly controversial. In 1984, Chiodini et al. (1986) reported 
the first isolation of M. paratuberculosis from a Crohn’s patient. These 
isolates were subsequently shown to be genetically identical to bovine 
M. paratuberculosis strains and were shown to be able to cause Johne’s 
disease by oral inoculation in goats (Van Kruiningen et al., 1986; 
Collins, 1997). Since then, a variety of studies have been conducted to 
determine whether there is a correlation between the presence of M. 
paratuberculosis or other Mycobacteriurn species and human Crohn’s 
disease (reviewed by Chiodini, 1989). These studies used culturing 
techniques to isolate Mycobacterium species from Crohn’s patients or 
DNA-based approaches to screen for the presence of mycobacterial 
DNA in tissues obtained from Crohn’s patients. Many studies have 
shown that a variety of Mycobacterium species, including M. paratu- 
berculosis, can be isolated from patients with Crohn’s disease. For 
example, Chiodini et al. (as cited in Chiodini, 1989) isolated M. paratu- 
berculosis from 4 of 26 Crohn’s patients but from none of 26 control 
samples. Additionally, Sanderson et al. (1992) found that 65% of the 
intestinal samples from Crohn’s disease patients ( n  = 40) tested posi- 
tive for the presence of M. paratuberculosis DNA by PCR as compared 
to 10% of the samples from controls (no inflammatory bowel disease 
or ulcerative colitis; n = 63). Fidler et al. (1994) reported that 4 of 31 
Crohn’s disease tissues, but none of 30 control and ulcerative colitis- 
derived samples, were positive for M .  paratuberculosis DNA by PCR. 
Additional studies also found a higher incidence of M. paratuberculo- 
sis DNA in tissue from Crohn’s patients as compared to control 
samples (e.g., Dell’Isola et al., 1994). However, other studies did not 
find any evidence for the presence of mycobacterial DNA in tissues 
from Crohn’s disease patients using PCR (Wu et al., 1991; Rowbotham 
et al., 1995; Frank and Cook, 1996). In summary, although some studies 
have described an association between the presence of M. paratuber- 
culosis and Crohn’s disease, the role of Mycobacteriurn species and 
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M. parutuherculosis in the etiology of this human disease remains 
unestablished. However, to enable consumer assurance of the micro- 
bial safety of their pasteurized dairy products, determination of thermal 
destruction characteristics of M .  paratuberculosis is a very high prior- 
ity for the dairy industry. 

Conventional thermal treatments for milk products will not inacti- 
vate the causative agent of bovine spongiform encephalitis (BSE), also 
known as mad cow disease.The agent responsible for this disease, which 
is not a microbe but rather an infectious protein, shows little loss of 
infectivity, even after prolonged exposure to temperatures up to 176°F 
(SOOC) (Asher et al., 1986). Fortunately, no evidence exists linking 
transmission of this disease to consumption of milk from cows with 
BSE. For example, mice injected with milk from BSE-infected cattle 
did not develop this disease, nor have epidemiological analyses sug- 
gested transmission of BSE to calves via milk (Hillerton, 1997). 

3.4.2 Pasteurized Milk: Postpasteurization Contamination 

Although some pathogens can survive pasteurization, as described 
above, the presence of most pathogenic microbes (e.g., Safrnonelfu spp. 
or L. rnonocytogenes) in processed dairy products implies either failure 
of the pasteurization process or postpasteurization contamination. In 
fact, the largest single salmonellosis outbreak in 17s history-over 
23,000 culture-confirmed cases from March to April 1985-resulted 
from consumption of Salmonella-contaminated whole and 2% milk 
that had been produced by a suburban Chicago processor (Lecos, 
1986). Other outbreaks linked to fluid milk products are listed in Table 
3.7. The importance of protecting processed products from bacterial 
recontamination is further illustrated by the demonstration that the 
pathogen Escherichia coli 0157:H7 can persist for at least 35 days as a 
postpasteurization contaminant in refrigerated buttermilk with a pH of 
4.1 (Dineen et al., 1998). 

Multiple routes exist for the entry of contaminating microbes 
into the dairy processing environment. For example, microbes, includ- 
ing the pathogenic organisms listed in Table 3.8, can be introduced into 
a dairy processing environment along with the raw milk. Other possi- 
ble sources include contaminated workers, packaging materials, and 
distribution equipment (forklifts, pallets, etc.). The abundance of nutri- 
ents and moisture in a processing plant can facilitate the survival and 
growth of many of these contaminants. Listeria innocua, Listeria mono- 
cytogenes, and Yersinia enterocolitica are commonly isolated from dairy 
processing plant locations that involve “wet traffic” including the floors 
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TABLE 3.7. Examples of Food-Borne Outbreaks Associated with 
Market Milk Products 

Organism Year Implicated Food Extent, Location 

Yersin ia 

Yersinia 

Yersinia 

enterocolitica 

enterocolitica 

enterocolitica 

Listeria 
monocytogenes 

Campylobacter 
jejuni 

Staphylococcus 
aureus 
enterotoxin 

Listeria 
monocytogenes 

Staphylococcus 
aureus 
enterotoxin 

1976 

1981 

1982 (two outbreaks) 

1983 

1984 

1985 

1994 

2000 

Chocolate milk 

Reconstituted 

Pasteurized milk 
nonfat dry milk 

Pasteurized milk 

Certified raw milk 

Chocolate milk 

Chocolate milk 

Pasteurized milk 

~ 

220 children, New 
York, USA 

239 young adults, 
New York, USA 

>472 people; 
Connecticut, 
Tennessee, 
Arkansas, 
Mississippi, USA 

49 illnesses, 14 
deaths; 
Massachusetts, 
USA 

12 cases; California, 
USA 

860 children; 
Kentucky, USA 

45 people; Illinois, 
USA 

>14,000 people, 
Osaka, Japan 

of coolers, freezers, and processing rooms; cases and case washers; floor 
mats and foot baths; and beds of paper fillers (Donnelly, 1990).The pos- 
sible presence of human pathogenic microorganisms in the dairy pro- 
cessing environment highlights the need to protect processed product 
from recontamination. 

3.5 INFLUENCE OF ADDED INGREDIENTS 

Although unflavored products comprise the largest fraction of fluid 
milk products currently sold in the United States (93%), with flavored 
milk products constituting only about 6% of total volume,flavored milk 
sales have shown substantial growth since 1995, with a nearly 8% 
increase in volume in 1998 and an additional 7% increase in 1999 (Milk 
Industry Foundation, 1999). Thus, timely attention to improvements in 
flavored milk quality and shelf life could provide a growth opportunity 
for the US fluid milk industry. 
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TABLE 3.8. Microbial Pathogens Isolated from Raw Milk 

Bacterial pathogens Rickettsia 

Escherichia coli Coxiella hurnetii 
Salmonella spp. 
Shigellu spp. 
Yersinia rnterocoliticu 
Campylohacter jejutzi 
Aerornonus hydrophila 
Vihrio cholera 
Pseudornonus aeruginosa 
Rrucellu SQQ. 

Rucil1u.s cereus 

Viral 

Enterovirus, including polioviruses. 
Rotaviruses, and Coxsackie virus 

Hepatitis viruses 

Protozoa 

Entumoeba histolytica 
b'acilliis anthracis Giurdia larnhlia 
Closrridiiini perfringeris 
Clostridiuni botulinunz 
Sraphylococciis aurciis 
Streptococcus agulactiae 
Streptococcus pyogenes 
Streptococciis zooepidemicus 
Listeriu nionocytogencs 
Corynehacterium spp. 
Mycohucteriurn hovis 
Mycohacteriurn triherciilosis 
Mycohacteriurn paratuberculosis 

Toxop lami  u gon dii 
Cryptosporidiiun parvurn 

To evaluate the microbiology of flavored milk products, Douglas 
et al. (2000) measured total bacterial counts and psychrotrophic plate 
counts in matched flavored (chocolate) and unflavored fluid milk 
samples at 1, 7, 10, and 14 days postprocessing. Bacterial numbers 
within 24h of processing were not significantly different in the unfla- 
vored and in the chocolate milk samples ( P  > 0.001). Total bacterial 
numbers and psychrotrophic plate counts were less than 1000 cfu/ml 
and 10 cfu/ml, respectively, for all products. However, both total bacte- 
rial numbers and psychrotrophic plate counts were higher in chocolate 
milk samples than in unflavored milk samples after 14 days of storage 
at 6°C ( P  < 0.001) in products collected from all four processing plants 
(Douglas et al., 2000). 

This study sought to identify the source(s) of the bacterial contami- 
nants in the flavored products. Bacteria present in the cocoa formula- 
tions were below the detection limits of the analytical procedures 
(<lOcfu/g) for products manufactured in all four plants, suggesting that 
these cocoa powders did not serve as major sources of contamination 
for these particular products. With one exception, isolation and identi- 
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fication of bacteria present in the various products showed that the 
profiles of the predominant organisms were the same for flavored and 
unflavored products processed in the same plants, suggesting that the 
spoilage organisms were not unique to either set of products. The 
predominant organisms present in 73% of the samples examined 
were identified as Bacillus spp. (Douglas et al., 2000). These organisms 
were found to be present in raw and in processed milk samples and 
were capable of surviving lab pasteurization procedures. These findings 
are consistent with previous observations of the widespread presence 
in the raw milk supply (albeit in low numbers) of heat-resistant spore- 
forming psychrotrophic bacteria that are capable of increasing in 
number when held at 7°C for 10 days (Boor et al., 1998). 

To further investigate the effects of chocolate milk components on 
bacterial numbers in processed products, total bacterial numbers were 
monitored in experimentally prepared and aseptically collected unfla- 
vored milk, milk with chocolate powder and sucrose (chocolate milk), 
milk with sucrose only, and milk containing chocolate powder only on 
the initial day and after storage at 6°C on days 7, 14, and 21 post- 
processing. At  days 14 and 21, total bacterial numbers were higher 
(P < 0.001) in both chocolate milk and in milk with chocolate powder 
only than in either milk with sucrose or in unflavored milk (Douglas et 
al., 2000), suggesting that the chocolate powder stimulates increases in 
bacterial ngmbers among the residual bacteria surviving HTST pas- 
teurization. From these studies, it appears that extension of flavored 
(chocolate) milk shelf life and improved milk quality will require 
removal of bacterial spores from raw milk (e.g., through microfiltration 
strategies, such as those described below) or by application of process- 
ing conditions that utilize increased time or temperature treatments 
relative to those used for unflavored milk products or through a com- 
bination of these strategies. 

The influence of chocolate milk ingredients on the growth of Liste- 
ria monocytogenes has also been examined (Rosenow and Marth, 
1987a,b, Pearson and Marth, 1990). In a comparison of final microbial 
numbers in skim, whole and chocolate milk incubated at 4°C 8"C, 13°C 
21"C, and 35"C, Listeria monocytogenes reached nearly 10-fold higher 
final numbers in chocolate milk than in the white milk at all tempera- 
tures (Rosenow and Marth, 1987a). Further investigation of the influ- 
ence of the major ingredients of chocolate milk suggested that the 
combination of cocoa, sucrose, and carrageenan provided the greatest 
enhancement of growth at 13°C while cocoa and sucrose alone showed 
a marginal influence (Rosenow and Marth, 1987b). When similar 
studies were done at an incubation temperature of 30"C, three factors 
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were found to increase numbers of Listeria monocytogenes: the addi- 
tion of cocoa, the addition of sucrose, and agitation (Pearson and 
Marth, 1990). 

Fortification of skim milk with nonfat dried milk has also been shown 
to stimulate the growth of some psychrotrophic bacteria (Jeong and 
Frank, 1988), but this effect appeared to be a minor contributor to dif- 
ferences in bacterial numbers. 

3.6 
HEAT FOR MARKET MILKS 

POTENTIAL APPLICATIONS OF ALTERNATIVES TO 

3.6.1 Microfiltration 

US consumers accustomed to flavors associated with HTST pasteur- 
ized milk products may report as objectionable the presence of the 
distinct cooked flavors in high-temperature processed milks such as 
UHT and ultra-pasteurized products (Hill, 1988). Microfiltration may 
provide an alternative approach for the production of dairy products 
with extended shelf lives (Olesen and Jensen, 1989; Eckner and Zottola, 
1991; Madec et al., 1992). Microfiltration (MF) is the passage of product 
under relatively low pressure (approximately 1 bar) through a semi- 
permeable membrane with pore sizes ranging from 0.2pm to Spm 
(Olesen and Jensen, 1989). Bacause bacteria generally range from 1 pm 
to 3pm in size, under some operating parameters, MF should be able 
to completely remove bacteria from the fluid permeate. MF might 
provide a lower temperature option, and thus a less pronounced 
cooked flavor, than UHT processing for production of extended shelf- 
life dairy products. 

Very little published work exists on microfiltration for milk process- 
ing; and among the existing reports, the results are sometimes contra- 
dictory. Olesen and Jensen (1989) found that the initial content of 
Bacillus cereus spores in milk had a significant effect on the content 
of spores in the microfiltered milk, but that concentration ratio and 
circulation pressure had no effects under the conditions studied. 
Varying operating temperature between 30°C and 50°C did not appear 
to affect bacterial retention in one study (Eckner and Zottola, 1991); 
however, increasing microfiltration temperatures from 35°C to 50°C 
was reported to significantly increase Salmonella, but not Listeria, 
retention in another (Madec et al., 1992). Eckner and Zottola (1991) 
concluded that different membranes with the same molecular weight 
cutoff have different bacterial retention characteristics, but that 
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bacterial morphology did not affect the ability of the organism to pass 
through the membrane. In contrast, Madec et al. (1992) reported that 
Listeria and Salmonella had differing retention characteristics, but that 
these characteristics were not influenced by initial contamination 
numbers, suggesting that bacterial size and shape may play a role in the 
passage of a particular organism through a membrane. This report also 
found retention of Listeria cells to be much lower when cells were inoc- 
ulated into milk that had been previously microfiltered. In summary, 
because generalizations have yet to be established for this process, 
microfiltration operating parameters must be optimized within each 
processing establishment to meet the specific goals of a given manu- 
facturing operation. 

3.6.2 Carbon Dioxide Addition 

The application of carbon dioxide as a bacteriostatic agent in foods and 
in modified atmosphere packaging has been reviewed by Daniels et al. 
(1985). C02  has been explored as a shelf-life extender for milk and 
dairy products (Hotchkiss et al., 1999). In milks inoculated with 
psychrotrophic Pseudomonas and Enterobacter spp., the presence of 
carbon dioxide was found to result in lower relative bacterial numbers 
at given postprocessing time points as a consequence of increasing the 
bacterial lag phase and reducing the rate of bacterial growth in milk 
stored at 6.1"C. Packaging contributed to these effects. C02-treated 
milks packaged in high barrier pouches exhibited the greatest inhibi- 
tion in bacterial growth. The addition of C 0 2  at 8.7mM and 21.5mM 
in products packaged in these pouches extended the time needed for 
bacterial numbers to reach 106cfu/ml from 6.4 days (control) to 9.7 and 
13.4 days, respectively. However, both levels of C 0 2  were detectable by 
a trained sensory panel; thus, this strategy is unlikely to be a successful 
postpasteurization treatment for controlling bacterial numbers in 
processed milk. 

3.7 SUMMARY 

The fluid milk processing strategies that are currently most commonly 
and most successfully applied worldwide to preserve product quality 
and ensure public health involve the application of heat to destroy 
microbes that are present in raw milk along with hygienic practices to 
reduce or eliminate postprocessing reentry of microbes into the prod- 
ucts. The time and temperature conditions of the thermal processing 
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treatments, along with the efficacy of the sanitary measures for pre- 
vention of product recontamination, dramatically affect product shelf 
life. Some emerging new nonthermal technologies that show promise 
for the fluid milk industry include high-pressure processing (Garcia- 
Risco et al., 1998; Balci and Wilbey, 1999; Datta and Deeth, 1999) and 
pulsed electric field processing (Reina et al., 1998; Jeyamkondan et al., 
1999). The objectives of these and other emerging strategies are to 
provide the bacterial destruction capabilities equivalent to those attain- 
able by thermal processing while simultaneously yielding products with 
quality characteristics that are appealing to consumers. 
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CHAPTER 4 

MICROBIOLOGY OF CREAM 
AND BUTTER 
R. ANDREW WILBEY 
School of Food Biosciences, The University of Reading, Reading, England 

Cream is effectively a selective milk concentrate containing an elevated 
level of milk fat globules dispersed in a continuous phase of skim milk. 
As such, it provides both a valued range of products and the raw mate- 
rial for butter production. 

Historically, cream has been regarded as a luxury food, and produc- 
tion has risen slowly despite concerns over excessive fat intake in the 
national diet. Unlike milk, cream tends to be treated as an indulgence 
food and is consumed more at weekends and holiday periods, which 
puts additional pressure on the manufacturer in terms of shelf life. 
Butter production is not linked directly to consumption, and UK pro- 
duction data reflects more the surplus milk fat than immediate demand 
or the competitive position in the market of home produced against 
imported butters. Production data is summarized in Figure 4.1; the dis- 
continuity in the data is due to changes in the methods of collation of 
the data, particularly in making allowance for surplus milk fat from 
production of reduced-fat milks. 

Within the European Union (EU), the United Kingdom has a relatively 
low proportion of its milk going into butter, as illustrated in Table 4.1. 

4.1 CREAM 

In the United Kingdom, cream is defined as ". . . that part of milk rich 
in fat which has been separated by skimming or otherwise.. ." (UK 
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Figure 4.1. Utilization of milk for the production of cream 0 and butter D in the 
United Kingdom during the years (April to March) 1975 to 1997. Solid symbols (0, 
m) indicate allowance for cream production from low-fat milk processing. (After MMB, 
1980, 1985, 1990, 1992,1994; NDC, 1996, 1997,1998,) 

Regulations, 1995a, 1996). Creams have been defined in terms of the 
heat treatment that they have been subjected to and in terms of their 
fat content. Minimum fat contents for UK creams are listed in Table 
4.2. Unless qualified by the name of the species, cream is assumed to 
be prepared from cow’s milk. 

Definitions for heat treatments of creams are as follows: 
Untreated cream that “cream that has not been treated by heat or 

in any manner likely to affect its nature and qualities and has been 
derived from milk which has not been so treated.” “Pasteurised cream” 
shall be either (a) heated to a temperature not less than 63°C and 
retained at that temperature for not less than 30min, (b) heated to a 
temperature not less than 72°C and retained at that temperature for 
not less than 15 s, or (c) heated to any other temperature for such other 
period of time as has equivalent effect for the elimination of vegeta- 
tive pathogenic organisms in the cream. Such pasteurized creams must 
be cooled as soon as practicable after pasteurization and show a neg- 
ative reaction to the phosphatase test (UK Regulations, 1995a). 



TABLE 4.1. Butter Production in 1998 in Terms of Weight and Percent Conversion 
of Milk Fat 

Country 
Milk Production Butter Conversion 

(kT) (kT) (To)  

Austria 
Belgium 
Denmark 
Finland 
France 
Germany 
Greece 
Irish Republic 
Italy 
Luxembourg 
Netherlands 
Portugal 
Spain 
Sweden 
United Kingdom 
European Union total 
Australia 
New Zealand 
United States 

3,256 
3,418 
4,664 
2,447 

24,793 
28,500 

755 
5,210 

10,821 
264 

10,995 
133 1 
5,980 
3,331 

14,635 
120,905 

9,731 
1 1,288 
71,375 

39 
109 
49 
50 

464 
428 

3 
141 
98 
3 

149 
19 
31 
53 

137 
1,773 

161 
376 
522 

24 
64 
21 
41 
37 
30 
8 

54 
18 
23 
27 
21 
10 
32 
19 
29 
33 
67 
15 

"Including anhydrous milk fat. 

Source: NDC (2000). 

TABLE 4.2. Fat Standards for Creams 

United Kingdom 

Half cream (including sterilized) 
Cream or single cream 
Sterilized cream 
Whipping or whipped cream 
Double cream 
Clotted cream 

Australia 

Cream 

New Zealand 

Cream 

212 
218 
223 
235 
248 
255 

235 

240 

United States 

Half and half 210.5,<18 
Cream 218 
Light cream 218,130 
Light whipping cream 230-36 
Heavy cream 236 

Snurcrc: UK Regulations (1996), Australia (19Y3)% S. Carolina 
(1 999). 
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Clotted cream means “cream which has been produced and sepa- 
rated by the scalding, cooling, and skimming of milk or cream” (UK 
Regulations, 1996). 

Sterilised cream means “cream which has been subjected to a process 
of sterilisation by heat treatment in the container in which it is to be 
supplied to the consumer” (UK Regulations, 1996). The heat treatment 
shall be to not less than 108°C and retained at that temperature for 
not less than 45min: or to such a temperature and time that has an 
equivalent effect for the elimination of pathogenic organisms (UK 
Regulations, 199%). 

Ultra-high-temperature (UHT) cream means “cream which has been 
subjected in continuous flow to an appropriate heat treatment and has 
been packaged aseptically”. The heat treatment shall be to not less than 
140°C and the cream retained at that temperature for not less than 2 s; 
or the heat treatment shall be to such a temperature and time that has 
an equivalent effect for the elimination of pathogenic organisms. For 
both sterilized and UHT creams there is a further requirement that, 
after incubation at 30°C for 15 days, the cream should have a plate count 
I 100 per milliliter and that the product should be organoleptically 
normal (Regulations, 1995).  

There is a general requirement that “on removal from the process- 
ing establishment, milk-based products shall not contain pathogenic 
organisms and toxins from pathogenic organisms in such quantity as 
to affect the health of the ultimate consumer.” Specific standards are 
set for Listeria monocytogenes and Salmonella spp. ‘These regulations 
gave effect to Council Directive 92/46/EEC, which applies throughout 
the EU. 

Certain additives are permitted in some types of cream, but, with the 
exception of nisin, these primarily affect the physical rather than the 
microbiological stability (UK Regulations, 199Sb). 

4.1.1 

Cream production is essentially a dairy operation, but cream may still 
be produced on farms and sold direct to the public, just as untreated 
milk is sold. Hygiene is very variable, and high counts of bacteria, 
yeasts, and molds may be found in 2 or 3 days, so the shelf life is cor- 
respondingly short. 

A simple farmhouse pasteurization (heating to 65°C and holding 
for 3Omin) will reduce the bacterial count to about 1% or less of the 
original, but unless followed by rapid cooling to 5”C, it will have little 

Fresh Cream Produced on the Farm 
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ultimate effect on keeping quality. The treatment may be repeated the 
following day with advantage, provided that the cream is hygienically 
cooled immediately after heating. 

Common taints found in farm-produced cream include sour, rancid, 
cheesy, stale, bitter, putrid, and yeasty; a slight, ill-defined taint may be 
described as stale or unclean. These problems are always associated 
with high microbial counts, with a predominant organism (such as 
Pseudomonas, Micrococcus, or yeast) being responsible for the domi- 
nant taint. Ropiness or sliminess may be caused by some coliforms 
or lactococci. In bad cases of spoilage, gas may be formed, usually 
by lactose-fermenting yeasts; and mold growth (e.g., Geotrichum can- 
didum) may be visible on the surface of the cream. Souring by lactic 
acid bacteria may repress putrefactive organisms, but their activity will 
stimulate yeasts and molds. Sweet curdling may be caused by prote- 
olytic enzymes produced by aerobic spore-formers, which can also be 
responsible for bitterness. 

However, as with other types of dairy processing, such as cheese- 
making, the gap in technological proficiency between farms and dairies 
has been steadily diminishing, except in scale of operation. Hence, the 
microbiological quality of farm-produced cream should not differ sig- 
nificantly from that retailed by a creamery. 

4.1.2 Manufacture on an Industrial Scale 

Apart from cultured or soured cream, the entire process of manufac- 
turing, packaging, and distributing cream is, from the microbiological 
viewpoint, a matter of preventing contamination and keeping the 
growth of the few organisms that are present to a minimum. 

The overall system includes the following stages: 

1. Production of milk on the farm 
2. Transport to the dairy 
3. Storage in the dairy 
4. Separation and standardization of cream 
5.  Homogenization 
6. Heat treatments of the cream 
7. Cooling and storage after heat treatment 
8. Packaging 
9. Further cooling, storage, and distribution of cartoned cream 

10. Sale-possibly a multistage operation 
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Thus, cream processing technology is more complex than for milk and 
there are more opportunities for problems to arise. Different processes 
may require changes in the sequence of operations, some of the most 
commonly used are outlined in Figure 4.2. 

To produce the best possible cream, each of the above stages must 
be carried out as efficiently as possible; particularly important are 
adequate heat treatment, storage, and distribution at 5°C or lower, 
with excellent hygiene throughout. The old saying that the strength 
of a chain is the strength of the weakest link is particularly applicable 
to cream. The most important aspects are contamination after 
heat treatment, and the product temperature during storage and 
distribution. 

4.1.3 The Collection and Storage of Raw Milk 

The hygienic production of milk is of the greatest importance for 
cream, because although most vegetative cells are easily killed by heat 
treatment, spores are not; types such as B. cereus can be a cause of 
spoilage [as well as failure in the methylene blue (MB) test]. If the 

Cold Raw Milk 

c 1 
1 Prehedt Separation Separation 

I 

I 

Hornogenization 1 T e n i z a t i o n  L 
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4 
1 Honiogenlzdtion 

t r’ 
Pasteurization Cooling 

/’ 

I 
/ 

c 1 
Cooling 

/’ 
/’ 

c Y’ 

Packaging 

+ 
Further Cooling & Distribution 

Figure 4.2. Alternative sequences of operations to produce cream. 
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spore count of the milk is high (over 100ml-'), it may be worthwhile 
reducing this by high-speed centrifugal methods because, as aerobic 
spore-formers tend to form chains, these are more easily removed than 
single cells. 

Bulk collection of milk in Britain became universal in 1979, so that 
all milk should arrive at distributors' and manufacturers' premises at 
15°C. The bacteriological quality of ex-farm milk in England and Wales 
improved with the introduction in 1982 of a quality payment scheme, 
where a bonus was paid if the average monthly total bacterial count 
was less than 20,OOOcfu m1-I. Subsequent changes in quality payments 
resulted in further improvements in raw milk quality. However, it is 
common practice for milk to be stored in creameries at 5°C for up to 
48 h and sometimes longer. The change from churn to bulk milk col- 
lection has resulted in a change in the microflora of raw milk, with an 
increase in the level of psychrotrophs. There is normally no problem 
with good-quality milk, although psychrotrophs can grow very slowly 
at below 5°C. Psychrotrophs do not usually ferment lactose to lactic 
acid, but high levels may result in production of proteases and lipases. 
Thus cold-stored milk does not sour but can develop taints; and 
although the organisms, typically Pseudomonas spp., are killed by 
pasteurization, their enzymes can survive heat treatment and will con- 
tinue to produce changes in the pasteurized or even UHT-treated 
product. 

4.1.4 Separation and Standardization 

Cream was traditionally made by separating milk in a mechanical cen- 
trifugal separator at a temperature between 40°C and 50°C. This is an 
ideal temperature for bacterial growth, so higher temperatures (e.g., 
63°C) may be used which may also reduce fat loss into the skim and 
denature the lipoprotein lipase. These higher temperatures may be 
associated with more viscous creams. Some separators are designed 
specifically to run with cold milk (-5°C) to produce creams with up to 
40% fat content. Separation also helps to purify both the skimmed milk 
and cream by removing dirt, somatic or body cells, and any other 
foreign matter in the form of slime that is removed mechanically from 
the separator. Some bacteria, especially clumps of large organisms, 
including spore-formers, are also removed in this slime. The times 
between preheating, separation, homogenization (if performed), stan- 
dardization, and heat treatment should be as short as possible. For a 
discussion of separation see Towler (1994). 
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4.1.5 Microbiological Problems of Standardisation 

Ideally the milk should be separated to give a cream of the desired 
fat content, but in practice this is rarely possible. For small-scale pro- 
ducers the normal method is to separate at a slightly higher fat content 
and then standardize with milk or separated milk. This procedure con- 
stitutes a microbiological hazard where warm raw cream is held at 
about the separation temperature (e.g., 40°C) during the standardiza- 
tion. Furthermore, the cream may be contaminated by inadequately 
disinfected process plant, or the skim milk may not be of good quality. 

With rationalization in the dairy industry leading to larger milk pro- 
cessing plants, it is common to find in-line standardizing systems imme- 
diately after separation so that this risk is minimized. 

In practice it is a question of balancing the disadvantages of the 
various methods; but irrespective of the method adopted, it is always 
preferable to heat treat the final standardized cream and cool and 
package it immediately. As far as practicable, milk and cream should 
be held, during processing, at about 5°C or above 60°C. It is expensive 
to cool warm milk or cream to 5"C, but in hot weather, failure to do so 
may be disastrous. 

4.1.6 Homogenization 

Homogenization is the operation of reducing the size of fat globules so 
that separation due to gravity will be minimized; for further details see 
Wilbey (1992). Half cream (or coffee cream) and single cream are nor- 
mally homogenized to increase viscosity, and this treatment may have 
deleterious effects. 

1. Homogenization necessitates an extra treatment and thus adds 
to the risk of contamination of the cream. It may also involve 
holding the cream warm for a short time, and always results in 
breaking up clumps of bacteria. These three factors are usually 
held to be responsible for any fall in keeping quality which may 
occur. Homogenization should, therefore, take place immediately 
before the final stage of heat treatment. 

2. The splitting of the fat globules modifies the fat globule mem- 
brane and greatly increases the surface area of the fat, thus favor- 
ing the action of any lipase that may be present. 

3. Homogenizers operate at high pressure and, particularly with 
older machines, may have seals that are not easily cleaned and 
disinfected. 
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There was a general belief in the dairy trade that homogenized milk 
(and perhaps cream) did not keep as well as the unhomogenized 
products. If true, this may be because of the extra contamination, the 
splitting of bacterial clumps, or the oxidized flavor and other lipolytic 
taints promoted by homogenization. 

4.1.7 Heat Treatment 

Some form of heat treatment has been used for cream for many years, 
and cream behaves similarly to milk in all respects microbiologically. 
Heat penetration is slightly slower, but the chief difference in micro- 
biological considerations is caused by the special demands of retail 
distribution and keeping quality. 

In the early years of the twentieth century, a crude form of batch or 
holder pasteurization was practiced. Since 1940 the high-temperature 
short-time (HTST) continuous-flow method, with or without a holding 
section, has been widely used. The rapid increase in the popularity of 
semi-skimmed milk over the last 20 years, to take 50% of the liquid 
milk market (i.e., 25% of UK milk production) by 2000, has produced 
large quantities of cream as a by-product of milk standardization. 
Fluctuations in the quantity of cream produced as the separation and 
standardization provide the different standardized milks make it diffi- 
cult to run an HTST process efficiently, so high-temperature holding 
has come back into mainstream processing. 

Whatever the heat treatment method, the treatment should be suffi- 
ciently severe to denature the native alkaline phosphatase (ALP) in the 
cream. Destruction of ALP is achieved at temperature and time combi- 
nations in excess of those required for the destruction of those vegeta- 
tive pathogens normally associated with milk products. Because this 
enzyme is largely associated with the fat globule membrane, the activity 
in untreated cream is higher than in milk. In addition, a special problem 
arises in applying the ALP test to pasteurized cream because reactiva- 
tion of ALP may take place on storage (Wright and Tramer, 1953,1954, 
1956; Peeseboom, 1969,1970; Kleyn and Ho, 1977; Serebrennikova et al., 
1978;Fox and Morrissey,1981). (Any sample that shows evidence of taint 
or souring should not be tested.) If more than 10pg of p-nitrophenol 
are liberated from the buffered substrate (disodiump-nitrophenyl phos- 
phate in a sodium carbonate-bicarbonate buffer) at 37 * 0.5"C for 120- 
min, then the test must be repeated as follows: 

Ten grams of the cream are added to each of two test tubes and speci- 
fied quantities of magnesium chloride (4Ogl-') solution added to one 
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tube according to the fat content of the cream. After mixing, both tubes 
are incubated at 37 k 0.5”C for 60min with occasional inversion. Two 
grams of the liquids are then removed and tested for phosphatase. If the 
color of the sample treated with magnesium chloride is more intense 
than that of the control, the filtrate is diluted 1 in 4 with the buffer solu- 
tion and again compared with that of the control. If the color is equal to 
or more intense than that of the undiluted control, it is concluded that 
reactivation has taken place and the original positive result is declared 
void. 

Magnesium ions appear to be essential for activity of the reactivated 
phosphatase but not for the native phosphatase. It has been demon- 
strated with butter (McKellar et al., 1988) that chelation of the mag- 
nesium in the test solution by incorporation of EDTA can avoid 
interference by reactivated phosphatase. These methods may be carried 
out more rapidly and sensitively using fluorimetric techniques (IDF, 
1999b). 

The heat treatment used for pasteurization of cream has typically been 
more severe than the statutory minimum, being established by experi- 
mentation with that processing plant to meet the following criteria: 

1. Destruction of all pathogens. 
2. Achievement of desired shelf life by reduction in spoilage 

microflora. 
3. Avoidance of “cooked taints” that result from the production of 

volatile sulfur compounds when milk and cream are heated above 
80°C; these usually disappear in 1 or 2 days. 

4. Destruction of milk enzymes-particularly lipases, which may 
cause rancidity. 

The normal HTST method used for cream should achieve all these 
objectives, provided that hygiene and subsequent refrigeration are 
adequate. 

The heat treatment forms the critical control step in the manufac- 
turing process. Optimizing the heat treatment is useless unless the 
cream is cooled and packed under hygienic conditions, with the cool 
chain being maintained throughout the shelf life. With poor cooling, the 
surviving bacteria, particularly the spores and postpasteurization con- 
taminants, will grow and produce taints and physical defects. 

4.1.7.1 Holder Pasteurization. This method, involving heating 
cream to at least 63°C (typically about 65°C) for 30min, was regarded 
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as obsolete as far as ordinary dairies are concerned, but has advantages 
for farms and very small dairies processing up to 200 liters a day. Equip- 
ment and control are very simple, and heating and cooling in the 
same vessel eliminates one cause of contamination. However, because 
cooling is inevitably slower, all sources of contamination, particularly 
when filling into cartons, become potentially more dangerous. 

With cream production becoming a by-product of liquid milk stan- 
dardization, a form of holder pasteurization has been used as a deaer- 
ation treatment, holding the freshly separated cream for -30min in a 
top-filled tank. This technique will not guarantee adequate heat treat- 
ment but will contribute to the overall destruction of the raw milk 
microflora. Typically, this system would operate with a pair of tanks on 
a 4.5- to 5.5-h cycle, with the cleaning ensuring that there would be no 
buildup of thermophilic organisms. The heat treatment would then be 
completed using an HTST process. 

4.1.7.2 The High-Temperature Short-Time Method. The HTST 
method is now universal for cream in virtually all dairies. Its main 
advantages are in compactness, thermodynamic efficiency, speed of 
operation, total enclosure, and overall cost. It can give a cream of very 
good keeping quality, provided that it is properly operated. The entire 
sequence of operations-reception of raw milk, warming to separa- 
tion temperature, homogenization (if done), pasteurization, cooling, 
storage, and filling-can be carried out in one continuous process in an 
entirely enclosed system, with obvious advantages. The equipment used 
for the cream should be designed to treat the cream as gently as is 
practicable. 

Minimum temperature-time conditions for pasteurization of cream 
were approved at the 64th Annual Sessions of the International Dairy 
Federation (IDF) in 1980. Examples of these temperature-time com- 
binations are: 

1. 18% cream, 75°C for 15s 
2. 35% fat or more, 80°C for 15s 

These are more severe than the minimum heat treatment permitted in 
the EU, which is 72°C for 15 s or an equivalent temperature-time com- 
bination of equivalent lethality to vegetative pathogens in the cream. 
In the United States, a minimum of 74.4"C for 15 s is recommended for 
dairy products with more than 10% fat. 

The holding time is must be the minimum residence time for that 
type of cream in the holding tube of that heat exchanger. Changing the 
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viscosity of the cream-for example, by changing the fat content or 
homogenization conditions-may bring about a change in the resi- 
dence time. The presence of interconnecting pipe work will usually 
increase the total minimum residence time to 18-20s. The average 
holding time, estimated by dividing the volume of the holding tube by 
the flow rate, will always be greater than the minimum holding time 
that governs the bacteriological safety of the plant. (The average 
holding time is more relevant to the extent of the chemical reactions 
taking place during the heat treatment.) The relationship between the 
average and minimum residence times depends on the flow pattern 
within the holding tube; with turbulent flow the minimum residence 
time may be up to 0.83 of the average residence time, whereas under 
streamline flow conditions the minimum residence time drops to only 
half the average time. This has a significant effect on the potential for 
survival of pathogenic organisms. The lethality of the heat treatment 
process will be a function not only of the holding conditions but also 
of the whole temperature-time profile of the process. Typical HTST 
holding conditions will be 75-85°C for 15-20s. 

When the temperature of pasteurization is raised or the holding time 
is increased, there is not a simple relationship between the survival of 
microorganisms and the heat treatment. This is because the cream gen- 
erally contains a mixed microflora of differing thermolability. Eibel and 
Kessler (1 984) reported a stepped destruction of microorganisms when 
monitored on a total count basis. The first step took place at 57-63°C 
with the extensive destruction of heat-sensitive, mainly gram-negative, 
organisms. Between 63°C and 68°C the further destruction of Gram- 
negative organisms was largely masked by the death of the more 
heat-labile lactococci and by the more heat-resistant organisms which 
in turn were destroyed over the range 68-100°C. There appeared to be 
little benefit in increasing the holding time beyond 20s. Mesophilic 
spores were not destroyed until temperatures in excess of 100°C were 
used. 

The use of higher temperatures may not result in an increased shelf 
life. The germination of spores is a complex subject, but one of the most 
important factors is the stimulus given to germination by heat. In the 
present context, because of the requirement for a long shelf life, the 
possible protective effect of fat on bacteria, and the slower heat trans- 
fer in cream, it is usual to heat cream appreciably above the statutory 
minimum, either by flash heating or with a holding period. However, 
this higher heat treatment may, in fact, have an adverse effect on 
keeping quality because this more drastic exposure may increase the 
germination rate of spores which survive. Effects on spore germination 
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may be exacerbated by destruction of the natural biostatic systems in 
the original milk. 

This anomalous effect is well illustrated by the results of Brown et 
al. (1980). Little difference was found between heat-treated creams 
held for up to 9 days at 7°C; but after this, appreciably higher counts 
were found when temperatures of 76.5"C, 79.0"C, and 81.5"C (with 
a holding time of 15s) were used rather than 74°C. Similarly with a 
holding time of l s ,  a temperature of 80°C gave lower counts after 6 
days storage than 82.5"C, 85.0"C, 87.5"C, and 90°C. Shelf-life tests on 
these creams confirmed these results; the lowest temperatures give 
values of 20 days, and 87.5"C for 1s give values of only 9 days. Eibel 
and Kessler (1984) concluded that lowering the storage temperature 
was more effective for increasing shelf life than was raising the pas- 
teurizing temperature. 

Concern has been expressed that some pathogens, particularly 
Listevia monocytogenes, may survive the minimum pasteurization con- 
ditions. The concern with L. rnonocytogenes is increased by its ability 
to grow at chill chain temperatures. Rosenow and Marth (1987) 
reported generation times in whipping cream (33-36% milk fat) of 
29-46 h for different strains at 4°C with a maximum population on the 
order of 107 cells per milliliter achieved in 30 days. D values at 68.9"C 
for the strain Scott A were given by Bradshaw et al. (1987) as 6 s  in raw 
38% milk fat cream, increasing to 7.8s in inoculated "sterile" cream. 2 
values of 63°C and 7.1 "C, respectively, were calculated. 

4.1.7.3 "ln-bottle" Pasteurization. It was established many years 
ago that if milk was pasteurized in the bottle, an excellent keeping 
quality could be obtained because subsequent contamination became 
impossible. Unfortunately, the cost of the process rendered it uneco- 
nomic. However, a higher profit margin is obtainable with cream, and 
some dairies have utilized this principle to obtain creams with very low 
levels of survivors. Thus the milk would be pasteurized and separated, 
and the bottled cream would be heated to 65°C or higher for 30min. 

4.1.7.4 Clotted Creams. This is the most popular holiday type of 
cream in the United Kingdom; it is made in Devon and Cornwall and 
often sent away. In the traditional or farmhouse method, milk (from 
Channel Island or South Devon breeds) was put into pans, 30cm in 
diameter and 20cm deep, and held 12h for the cream to rise. The pan 
was then put in a steamer until a layer of solidified cream formed round 
the edge. After cooling, the cream was ladled off with a perforated 
dipper and packed as layers in the containers. 
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The traditional method has been superseded by large-scale cream- 
ery methods, principally: 

1. The float process closely resembles the traditional process, in that 
it involves heating double cream over a layer of skim or whole 
milk in a large, shallow, jacketed tray till a crust is formed. The 
tray is then cooled overnight to set the cream before it is removed. 

2. The scald process where a thin layer of high-fat cream, 54-59% 
milk fat, is heated in a tray to 77-85°C to form a crust before 
cooling. 

These processes were reported in more detail by Wilbey and Young 
(1989). 

The more severe heat treatment that clotted cream receives results 
in a different microflora, in which aerobic spore-formers of the Bncil- 
Zus subtilis type are usually prominent. In the United Kingdom, nisin 
may be added to cream for clotting to control spore germination. In 
some processes, draughts may result in marginal heat treatment of 
the surface layer. However, the major microbial problems are more 
likely to be associated with the slow cooling in open trays and in the 
handling of the cooled cream. Poor air quality andlor poor process 
hygiene can lead to mould spoilage, coliforms, and other postprocess 
contaminants. 

4.1.7.5 The Ultra-High-Temperature (UHT) Process. Cream that 
has been subjected to this treatment is known as “ultra-heat-treated 
cream” and must have been heated to at least 140°C for at least 2s, or 
an equivalent temperature/time in order to render the cream free of 
both viable microorganisms and their spores (UK Regulations, 1995a). 
It must be immediately put into a sterile container with aseptic pre- 
cautions. There are three important advantages of this process over the 
traditional heat treatments. 

1. The cream is sterilised, i.e. all forms of life are destroyed. 
2. The process is very rapid. 
3. The treatment induces very little cooked flavour in the cream. 

The method has obvious advantages where a long keeping quality is 
required because, microbiologically, the cream will keep indefinitely 
without refrigeration. Shelf-life is limited by biochemical considera- 
tions. Calcium-casein interactions will destabilize the emulsion, and 
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proteases surviving the heat treatment will bring about gelation. The 
original slightly sulfurous flavor soon passes off, and the remaining 
cooked flavor is usually augmented ultimately by a stale, “cardboardy” 
or oxidized flavor. These independent effects limit the shelf life to 3-6 
months according to circumstances. 

The UHT method has been used extensively for retail cream, espe- 
cially for small units in the catering industry. Single or half cream is 
generally used, packed in very small cartons. The UHT method be- 
comes progressively more difficult to control as the fat content of the 
cream rises. UHT processing of cream has been reviewed recently, 
including methods for avoiding recontamination of UHT-treated prod- 
ucts (IDF, 1996; Lewis and Heppell, 2000). Hydrogen peroxide, ethanol, 
and ethylene oxide are used commercially to sterilize the paper and 
plastics used in aseptic cartoning. 

The ATAD friction process provides an alternative method for the 
rapid sterilization of cream and other liquids. In this process, the liquid 
is preheated to 70°C and then heated at 140°C for 0 . 5 4 ~ ~  and it can be 
applied successfully to 12% and 33% fat creams (Alais et al., 1978). 

4.1.7.6 Tyndallizafion. In the early days of bacteriology, consider- 
able trouble was experienced through the inability of the available 
processes to kill spores in a medium. Tyndall in 1877 suggested that if 
a medium was heated at 100°C for 30min on three successive days, first 
the vegetative cells would be killed, and then the spores would germi- 
nate and the new vegetative cells would be killed on the second and 
third days. The idea has been resurrected from time to time for foods 
that would be affected organoleptically by autoclaving. The method 
fails if the medium does not permit the spores to germinate, and it is 
unreliable for anaerobic and thermophilic aerobic spores. Various 
forms of the method have been suggested, a recent one by Pien (1977) 
is based on double HTST pasteurization. The main reason for the 
failure of all these methods is the unpredictability of the germination 
of spores (Franklin, 1969; Jayne-Williams and Franklin, 1960). 

Brown et al. (1979) investigated a double pasteurization treatment 
separated by periods of aerobic and anaerobic incubation at 30°C. 
None of the treatments had any effect on the spore load or the storage 
life of the creams. The organoleptic spores were not influenced by the 
different types of treatment. 

A method formerly used for making “long-life” cream was to heat 
the cream in bottles for 30min at 105°C on the first, second, and fourth 
days, leaving the bottles at room temperature for the third day. This 
period allowed surviving spores to germinate, and it allowed the cells 
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to be killed on the fourth day. The method was reported to give a very 
long keeping quality, but serum began to separate after a month. 

4.1.7.7 Sterilized (or Canned) Cream and Half Cream. Sterilized 
cream must contain not less than 23% fat, and sterilized half cream not 
less than 12%; but otherwise, and from the microbiological point of 
view, they are identical. 

After standardization, the cream is heated to homogenizing tem- 
perature, usually about 65°C. After homogenization at about 17 MPa, 
the cream is filled into cans at a temperature of 30-50°C. As filling is a 
well-recognized source of contamination, some makers fill at 75-8OoC, 
though viscosity may be affected. Sterilization of the containers must 
be at not less than 108°C for a minimum of 45min or a tempera- 
ture-time combination of equivalent lethality. Konietzko and Reuter 
(1980), working with spores of B. stearothermophilus, found a linear 
thermal death curve in the range 130-145°C; but for homogenized 25% 
fat cream, the best temperature-time combination for sterilization is 
15min at 121 "C or 10min at 122°C (Dhamangaonkar and Brave, 1978). 

The sterilization process may use a batch rotary retort or the con- 
tinuous method; the temperature-time conditions vary according to 
size of the can (Smith, 1989). Continuous systems are being increas- 
ingly used for large-scale production. In the three-stage cooker, the 
cans are transferred by a conveyor-valve system through a preheating, 
sterilizing, and cooling process of the type long used for evaporated 
milk. The trend is now toward the hydrostatic system in which the 
pressure required to give the necessary temperature is maintained by 
columns of water at the entrance and the exit of the equipment. 
Cans are heated at 116-121°C for 30min; but if a UHT treatment 
is applied first to the cream, then a lower temperature and shorter 
time could be used to overcome the postprocessing and container 
contaminants. 

Cooling must be carried out as soon as possible after the steriliza- 
tion, typically using hyperchlorinated water to minimize the risk of 
postprocess contamination should a seam leak. 

The microbiological problems of sterilized cream are somewhat dif- 
ferent from those of pasteurized cream. The cream is theoretically 
sterile, but problems similar to those of evaporated and sterilized milk 
can occur. If the cream becomes contaminated with very heat-resistant 
spores of B. subtilis, these can germinate and produce a bitter taint and 
thinning of the cream by the production of lipolytic and proteolytic 
enzymes. This fault is usually associated with poor-quality raw milk high 
in spores and/or dirty equipment. Such spores can sometimes survive 



CREAM 139 

heating at 120°C for 40min (Nichols, 1939). Improvement in the 
hygienic production and handling of the raw milk is essential in these 
circumstances, though as an interim measure it may be necessary to 
raise the sterilization temperature. 

Sterilized cream must satisfy a colony count test in the same manner 
as for UHT cream (UK Regulations, 199%). The test is deemed to be 
satisfied if the number of colonies is found to be less than 100cfu/ml 
after incubation. 

If any microbiological defect does arise, then the causative organism 
should be identified, because this information can provide an impor- 
tant clue to the source of infection. Thus, if a non-spore-forming organ- 
ism is responsible for spoilage in a sterilized product, this indicates 
contamination after sterilization; in a canned product, this indicates a 
defective can or a “leaker.” In the latter case, bacteria can then enter 
the cream from the cooling water, or elsewhere, and cause various 
faults. For example, common water-borne organisms, such as Proteus, 
can cause bitterness and thinning, coliforms can form gas, and lacto- 
cocci give rise to acid curdling. It is important to remember that ster- 
ilized cream is just as good a medium for microbiological growth as raw 
milk or cream, if it becomes contaminated. 

Careful control is essential at all stages in the manufacture of canned 
foods. Ordinary microbiological control methods are of little use 
because one surviving spore in a can may germinate weeks or months 
after manufacture and thus produce a defect. A few cans from each 
batch should be subjected to accelerated storage tests by incubation at 
37°C and 55°C for at least 7 days. Growth can often be detected by 
external inspection (swelling of cans or shaking them), as well as by 
internal examination of others. Retention of the whole batch at 
ambient factory temperature for a month followed by inspection before 
dispatch is a wise precaution. 

In order to obtain a satisfactory sterilization in the manufacture of 
canned cream, the heating process must be evaluated by a suitable 
method (Hersom and Hulland, 1980). Using heat penetration data, 
Board and Steel (1978) have compared sterilizing values (F,) obtained 
using an automated version of Gillespy’s method with those obtained 
by the general method. The former usually gave lower F, values, but 
the differences were not significant. 

4.1.8 Packaging of Cream 

The packaging of any perishable food is technically demanding, 
because the greatest efficiency in processing is invalidated if the 
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product is unhygienically filled into unclean containers. At one time, 
retail cream was filled into bottles or jars and sold like milk, but cartons 
are now used almost universally for pasteurized cream. In the modern 
dairy, the carton is the last item coming under control in the sequence 
of operations. 

Cartons, whether of paper or plastics, are virtually always of good 
hygienic quality because of their method of manufacture, provided that 
they are stored in a clean atmosphere. The manufacturer normally 
packs the cartons into polyethylene bags within cardboard boxes. This 
will protect the cartons from environmental contamination, but the 
outer box can become contaminated. Hence it is necessary to separate 
the cartons from the outer box under hygienic conditions before they 
are brought into the cream packing area. Where ultraclean or aseptic 
packaging is to be practiced, the low level of microbial contaminants 
should be eliminated. For instance, this may be by fumigation or y- 
irradiation of the packaging for ultraclean systems, or by hydrogen per- 
oxide and heat in the case of aseptic packaging systems. It is critical that 
recontamination of the packaging and the filling system be avoided. 

Semi-bulk containers, typically bag-in-box systems holding 5-10 
liters, are commonly used for small bakery and catering outlets. Blow- 
molded 2- to 5-liter polyethylene bottles may also be used. As with 
cartons, these are virtually sterile from their method of manufacture. 
Bacteriologically, all that is required is to store them under clean con- 
ditions and avoid contamination in handling, filling, and sealing. 

Intermediate quantities of 25-50 liters may be distributed in alu- 
minium or plastic cans or churns.These must be cleaned and disinfected 
adequately and will normally be used with a polyethylene liner. 

Bulk quantities of cream (e.g., 250-1000 liters), may be transported 
in stainless containers, whereas larger quantities may be pumped direct 
into road tankers. In either case, the cleaning and disinfection will 
employ CIP systems, as with the other equipment in the dairy. 

4.1.9 Cooling of Heat-Treated Creams 

From the microbiological viewpoint, all creams should be cooled as 
quickly as possible within a closed system to 5°C or less. However, for 
many retail creams the shear forces associated with such cooling would 
lead to an unacceptably thin cream and to the risk of damage to the 
milk fat globules. An old “trick of the trade” known as “rebodying” was 
to cool the cream quickly to 30°C or less and then to continue the 
cooling slowly down to 5°C. This procedure can give a cream of much 
higher viscosity. The thickest creams would be packed warm and cooled 
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in the container. The microbial quality will be at risk from growth of 
survivors of the heat treatment and from postpasteurisation contami- 
nants; hence such procedures should be used with caution and with the 
greatest emphasis on good hygiene. 

Where cream is packed warm, then the packaging and handling 
systems should be set up to maximize the cooling rates-for example, 
by using containers no greater than 500-ml capacity and trays with air 
vents. Blast cooling should be used, but the air temperature should not 
cause the cream to freeze (the freezing point is the same as for milk, 
approximately -0.52"C). 

4.1 -1 0 Whipped Cream 

Whipped cream often requires the addition of stabilizers to minimize 
serum loss. Sugar may also be added. Small-scale bakers may add sta- 
bilizer mixes, usually including some sugar, to the cream during whip- 
ping. Thus the microbiological quality of that stabilizer will be critical 
in governing the quality of the final product. Stabilized creams for 
large-scale whipped cream manufacture should be prepared by pas- 
teurizing the stabilized cream. Whipping cream should be held at or 
below 5°C for 24 h before use to give the best whipping properties. 

The whipping process will introduce an equal volume of air to the 
mix. Carrying out this operation on a small scale with a planetary mixer 
will expose the cream to environmental contamination. Larger-scale 
operations using continuous aerators in a closed system can avoid such 
environmental contamination; the oil-free compressed air or nitrogen 
supplied must be passed through a high-efficiency filter before use. 

Whipped cream, unless whipped using nitrogen, will provide a highly 
aerobic medium for microbial growth, and spoilage can be expected to 
occur more rapidly than for liquid cream. Addition of sugar will not 
reduce the water activity (a,,,) sufficiently to inhibit growth. Storage 
should be below 5"C, because low temperatures also inhibit serum 
separation and collapse of the foam. 

4.1.11 Frozen Cream 

Freezing is arguably the least objectionable method for preserving per- 
ishable foods. Organisms cannot grow, and nutritional value is main- 
tained virtually unaltered. Textural and flavor problems may occur, 
depending on the method of freezing and type of product. 

Cream for freezing should first be pasteurized at 275°C for 15s, and 
then it should be cooled to 1°C as quickly as possible before freezing. 
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Freezing may be carried out within containers, on a band as a sheet 
or as pellets, or by direct contact with liquid nitrogen. Bulk storage of 
frozen blocks of cream in polyethylene bags may be used for surplus 
cream for later conversion into butter or anhydrous milk fat.The cream 
should be frozen as quickly as possible and stored at -18 to -26"C, the 
lower the better. A keeping quality of 2-18 months with an average of 
about 6 months can be expected. The shelf life of the cream will be 
limited by physical and chemical constraints, the main problem being 
destabilization of the emulsion. 

Freezing cannot be used to reduce bacterial numbers, although a few 
organisms may be killed mechanically by the formation of ice crystals 
and some may die during storage (e.g., coliforms). Normally pasteur- 
ized cream would be used, and the microbiology would be the same as 
for the nonfrozen product. 

4.1 .I2 Cream-Based Desserts 

There is no legal definition of dairy desserts in the United Kingdom, 
though a convenient description would be a dessert product where milk 
ingredients make up at least 40% of the dry matter. Most products are 
sweetened, though they may contain fermented ingredients. (Ice cream 
forms a major sector of the cream-based desserts market and is covered 
separately in Chapter 6.) Cream-based desserts may be single products 
or multicomponent. Typical examples of single-component products 
can be found in the puddings produced by heat treating blends of skim 
milk, cream, sugar, and jelling agents, such as starches, carrageenan, 
locust bean gum, and/or gelatin, to give a range of gelled and semisolid 
products. Typical heat treatment temperatures are well in excess of 
minimum pasteurization, particularly when native starches have to be 
cooked, so that the main microbiological problems are likely to arise 
from thermoduric organisms, especially spore-formers, and from 
postpasteurization contaminants. The hot filling of carrageenan-based 
desserts to get a set product (e.g., creme caramels) can reduce the risk 
of postpasteurization contamination. Where permitted, the addition of 
nisin to creme caramel can increase the shelf life at 7°C (Anonymous, 
1985). 

The inclusion of sugars in the mix widens the range of contaminants 
that can grow in cream-based desserts, for instance, a wider range of 
yeasts and molds can be supported. 

Incorporation of fruit conserves will lower the pH and can favor 
yeasts and molds over most bacterial contaminants. Suggested internal 
standards for dairy desserts are given in Table 4.3. 



TABLE 4.3. Example of Internal Standards for Dairy Desserts (cfdg) 

Target Acceptable Doubtful Reiect 

Total viable <1,000 1,000-5,000 5,000-20,000 >20,000 
count 

Coliforms <Sin I of 5 x l g  
Yeasts <lo 10-50 50-100 >lo0 
Molds <lo 10-50 50-100 >lo0 

absent in 5 x 1g <5 i n 2  of 5 x l g  <S in 3 of 5 x l g  

Multicomponent desserts will provide microbiological problems 
characteristic of both the individual components and of the blends gen- 
erated from their mixing. Should problems be suspected, then supple- 
mentary examination of the individual components is needed. 

4.1 .I 3 Hygienic Control in Cream Processing 

The keeping quality or shelf life of cream, as with all perishable heat- 
treated foods, is largely determined by the extent of post-heat- 
treatment contamination. The control of the cleaning and disinfection 
of the equipment (sometimes referred to as “sanitizing,” though this 
term is not recommended by the IDF) is thus second to none in its 
importance in the operation of any dairy. Control can be considered in 
two parts: the methods of cleaning and disinfection (Romney, 1990) and 
the laboratory examination of the disinfected plant to check for “steril- 
ity.” True microbiological sterility of the process plant is only necessary 
for a UHT plant. 

“Good manufacturing practice” is a term used to embrace all oper- 
ations in the dairy, including hygiene, whereas “quality control” refers 
to laboratory and ancillary tests. Good manufacturing practice may also 
be considered to embrace the quality control aspects (IFST, 1998). 
These operations assure the manufacturer and the customer of a satis- 
factory product and may be referred to as quality assurance. Ideally, 
this should extend from the production of milk on the farm to the deliv- 
ery to the customer; it is this concept which underlies the E U  Milk 
Hygiene Directive (EEC, 1992). 

Essentially, hygienic preparation of cream means the prevention of 
contamination of the cream at all stages. The greatest hazard is usually 
from dirty equipment. All items that come into contact with the cream 
in any way at any stage must be cleaned by removing all soil, and any 
residual organisms should be killed by heat or by chemical disinfec- 
tants such as chlorine compounds. The requirements are exactly the 
same as for milk. Once good process hygiene has been established, 
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storage temperature is the second most critical factor. In the United 
Kingdom, cream comes within the general requirement to hold perish- 
able foods below 8°C (UK Regulations 1995c), but. in practice, 
temperatures below 5°C would be needed to maximize the shelf life of 
pasteurized creams. 

It is essential that the plant environment be maintained in a satis- 
factory state in order to minimize postprocess contamination. This 
should include noncontact plant surfaces, as well as air and water 
quality. 

4.1.73.7 In-line Testing of Cream Equipment and Product. The 
modern trend toward ever-larger processing units has resulted in 
complex computer-controlled systems. The cleaning and disinfection 
of the equipment is carried out by a cleaning-in-place (CIP) system 
involving typically a water rinse, circulation of hot caustic-based deter- 
gent solution [e.g., containing NaOH (5gl-') at 70"C], a rinse, then dis- 
infection by hot water or cold hypochlorite treatment and a final rinse. 
With a properly planned and operated system using equipment in good 
condition, there are normally no microbiological problems. However, 
if there is a defect anywhere, product faults can arise and these can 
sometimes be very elusive. Problems occurred with early automated 
systems because failures of valves and other plant items were not being 
recognized; this was overcome by incorporating feedback signals into 
the control system. Planned maintenance of the plant is an essential 
component in maintaining quality because, for instance, worn seals can 
readily become sources of contamination. 

If there is an equipment or operational problem, then keeping 
quality can fall drastically and, even if taints do not develop, the cream 
may fail rapid screening tests such as the methylene blue test. Follow- 
up tests may reveal a high count and sometimes the presence of 
coliforms. 

The first step is then to check all the operations from the initial treat- 
ment of the raw milk onwards and to examine the condition of all items 
in the processing line. If no apparent fault can be found, the next pro- 
cedure is to take samples at various points in the processing line during 
a typical run and examine them by a suitable microbiological test, a 
method commonly described as in-line testing. It is essential that the 
sampling be above reproach. A satisfactory way is to take the samples 
by hypodermic needle through an Astell seal using the usual precau- 
tions. When a severe heat treatment is used (e.g., 85-90°C with 1 5 s  
holding), the surviving colony count is, or should be, very low-for 
example, about 1 Ocfuml-'. However, because normally only 0.1 ml is 
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TABLE 4.4. Some Typical Results Obtained by 
Taking In-Line Samples of Cream During a Series of 
Processing Runs" 

Counts (MPN per milliliter) 

Sampling Point No. 1 No.2  No.3 

Exit from pasteurizer 4 3 <3 
Entry to storage tank 7 4 11 
Exit from storage tank 9 7 93 
Entry to filler 39 9 120 
Exit from filler 43 120 150 
Filled carton 64 120 210 

"Sources of infection are shown by marked differences in 
counts. For example, in test No. 1 the pipework was clearly 
responsible for contamination, in No. 2 the filler, and in No. 3 
the storage tank. All samples must be tested under the same 
conditions. 

plated, a reliable count cannot be obtained by this method unless 
contamination is severe, and hence an alternative approach such as 
the most probable number (MPN) plate counts or preincubation of 
samples should be used. 

The resulting counts are recorded against each sampling point, and 
this operation should be repeated twice before any conclusions are 
drawn. Some typical results are given in Table 4.4. 

4.1 .I 4 Keeping Quality or Shelf Life 

The keeping quality (KQ) of retail cream is more critical than that 
of milk because although cream usually receives a more severe heat 
treatment than does milk, the distribution system and pattern of con- 
sumption is different. Thus, while milk is usually pasteurized one day, 
delivered the next, and consumed a day or two later, cream has to be 
separated, standardized, cartoned, and distributed, often through a 
retail dairy organization, and then sold through supermarkets or shops. 
Temperature control may not be complete during this procedure, and 
because cream sales tend to be concentrated at weekends and on 
special occasions, and the carton may be opened and used more than 
once over a period of days, the KQ requirements are severe. 

4.7.74.7 Causes of Poor Keeping Quality in Cream. The follow- 
ing are the main factors responsible for a short shelf life in retail 
cream: 
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1. Poor-quality raw milk, particularly with high spore and thermod- 

2. Poor hygiene in separation 
3. Wrong choice of temperature for heat treatment 
4. Poor hygiene in processing 
5. Poor hygiene in packaging 
6. Too high a temperature for storage and distribution 

uric counts 

Of these factors, the quality of the raw milk, hygienic handling, and 
proper control of the temperature of the end product are, perhaps, the 
more important. 

4.1.14.2 Raw Milk Qualify. Bacteria found in milk may be placed in 
three groups from the point of view of keeping quality in cream: 

1. Thermolabile types that are killed by ordinary pasteurization 
(72°C with 15-s holding)-for example, Pseudomonas spp., 
lactococci, and coliforms 

2. Thermoduric types that do not form spores but survive ordinary 
pasteurization-for example, Enterococcus faecalis and Micro- 
COCCllS spp. 

3. Aerobic spore-forming bacteria-for example, B. cereus 

High levels of thermolabile organisms can give rise to taints in the milk 
which are carried over into the cream. High levels of Pseudomonas spp. 
are also undesirable in milk to be separated for UHT creams, since 
lipases and proteases produced by these organisms are extremely heat- 
resistant and will cause spoilage of the product during storage. The 
presence of Pseudomonas or coliforms indicate postpasteurization con- 
tamination in a cream that has been adequately heat-treated. Griffiths 
et al. (1984) suggested a rapid detection method for postpasteurization 
contamination of cream by Gram-negative psychrotrophs. 

With control of postpasteurization contamination, then thc hcat- 
resistant groups are of the greatest importance for cream. Brown and 
Prentice (1982) reported Bacillus species as the main psychrotrophic 
spore-formers in pasteurized single cream stored at 7°C. 

It was shown in the 1960s that an initially good (i.e., low count) cream 
will last for 6 days at 5°C but develops a high count (though no col- 
iforms) and fails the methylene blue (MB) test after 2 days at 15°C. An 
initially poor (high count) cream becomes sour. coliform contamina- 
tion becomes evident, and the product fails the MB test after 6 days at 
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TABLE 4.5. Comparison of Microbial Growth in Good and Poor Cream Held at 
5°C and 15°C 

Held at 5°C Held at 15°C 

Total Count MB" Total Count MB" 
Age (Days) at 30°C Coliforms" (h) at 30°C Coliforms" (h) 

Good Creum 

0 1,900 _ _ -  >4.5 1,900 - - - >4.5 
1 2,100 4.5 12,000 - - - 1 
2 3,200 _ _ _  4.5 >1,600,000 - - - 0 
3 2,900 
4 2,100 
6 2,500 

_ _ _  

4.5 
4.5 
4.5 

_ _ -  
_ _ _  
_ _ _  

(still acceptable) 

Poor Cream 

1 20,000 _ _ -  >4.5 24,000 + + + 1 
2 20,000 + - -  4.5 >1,600,000 + + + 0 
3 25,000 + + - 4.5 (unclean odor and taste) 
4 67,000 + + + 4.5 
6 560,000 + + +  0 

(sour) 

"Coliforms: The three results indicate presence or absence in 1,0.1, and 0.01 g. 
"MB stands for methvlene blue test (PHLS, 1971). 

5°C; or it develops an unclean odor and taste and coli, and it fails the 
MB test after 2 days at 15°C (Davis, 1969) (Table 4.5). 

Pasteurized creams would be expected to last longer than 5 days, and 
microbiological standards are set correspondingly tighter. 

The bacterial population ( P )  of cream, after holding for a known 
time at a specified temperature, may be estimated by using the formula 

P = initial number x 2N 

where 

Age in hours 
Generation time in hours 

N =  

Because the generation time in cream for any one organism is roughly 
constant for a considerable time at a low temperature, this emphasizes 
the importance of obtaining a low count cream at the end of process- 
ing/filling-that is, at the start of the shelf life of the cream. 

4.7.74.3 The Effect of Temperature. From the microbiological 
point of view, cream is a remarkably standard product, in that the pH 
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value, water activity, and nutrient content are virtually constant. It 
follows, therefore, that for a given degree of microbial contamination, 
the shelf life is entirely a question of temperature. The rate of growth 
of all microorganisms is controlled mainly by temperature, and each 
organism has a range over which growth occurs and an optimum. 
As far as bacterial contaminants of cream are concerned, the psy- 
chrotrophs may grow in the range 0-45"C, mesophiles grow in the 
range 10-45"C, and thermophiles grow in the range 35-63°C. These are 
not rigidly defined limits but serve as a guide, and there are also a large 
number of organisms that cannot be so readily classified. With cream 
and other refrigerated perishable foods, the problem is to minimise the 
rate of growth of the psychrotrophs. The generation times are inversely 
related to the storage temperature (up to the optimum growth tem- 
perature), and they vary from several hours to about 15min. For the 
psychrotrophic bacteria, there are two ranges of importance: 0-4°C and 
5-10°C. While the rate of growth is very slow up to 4"C, it increases 
progressively from 5°C to 10°C and particularly above 6°C. This obser- 
vation is important in that reported temperatures in the dairy industry 
are not always accurate, so that although refrigeration temperatures 
during the night may not exceed 4"C, during working hours they can 
easily reach 7°C or even higher (Airey, 1978; Jackson, 1978; Muir et al., 
1978). 

It is also relevant that, although modern instrumentation is very 
efficient, temperatures should alwnys be checked with a thermometer 
that has been calibrated against a standard thermometer kept in the 
laboratory. The accuracy of portable electronic thermometers may 
deteriorate as their batteries discharge. 

4.1.14.4 Microbiological Problems in the Distribution of Cream. 
Cream presents more problems than milk because of the methods of 
distribution and the requirements for a longer keeping quality. Sales 
may be erratic depending on the weather, holiday seasons, local 
activities, and many other factors. Broadly speaking, cream sales and 
desserts (such as cream cakes) peak at Christmas. There is a lesser peak 
at Easter and other public holidays. Any increase in consumption of 
foods traditionally associated with cream will increase the demand, so 
there is a period of increased sales during the soft fruit season (in the 
United Kingdom usually during June and July). Strawberries and cream 
is one of the most popular desserts, and this accounts for a considerable 
consumption of cream. Unfortunately, this increased demand often 
results in problems in methods of distribution, reduced control, and 
longer storage (to cover erratic consumption); and, because these 
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adverse factors may occur during periods of warm weather, microbio- 
logical problems are enhanced and keeping quality may be seriously 
affected. There seems to have been a belief that cream keeps better 
than milk, other things being equal, but this is very doubtful. Bacteria 
may be more static in cream because of the greater viscosity, which inci- 
dentally results in larger clumps and therefore lower colony counts, 
though this effect would not restrain metabolic activities, such as 
souring, or affect the results of the MB test. 

All but sterilized and UHT creams must be dispatched from the 
manufacturing dairies by chilled distribution vehicles. Larger retailers 
may be supplied direct, either to their shops or to central distribution 
depots for subsequent delivery. Smaller retailers may be supplied via 
wholesalers. Once cream has been dispatched by the manufacturer, he 
has no further control over the way it is handled; and the longer the 
distribution chain, the greater the potential for the cream to be mis- 
handled before it finally reaches the customer. Some suggested and 
statutory standards are included in Table 4.6. Even in the best of cir- 
cumstances, the chill chain will be broken when the consumer pur- 
chases the cream and transports it home at ambient. 

In terms of shelf life, the crucial temperatures are 5°C and 13°C. 
Below 5"C, growth is so slow that an adequate shelf life is usually 

TABLE 4.6. Some Suggested Microbiological Standards for Cream at the Point of Sale to 
the Consumer 

Colony Counts per Gram 

Satisfactory Doubtful Unsatisfactory 

Total Colony Count 
SDT (1975) <10,000 10,000- I00,000 >100,000 
Davis (1969) <10,000 10,000-100,000 >100,000 
Jackson (1978) <50,000 50,000-250,000 >250,000 
EEC (1992) <50,000 52 @ 50,000-100,000 >2 @ 50,000-100,000 

(5 x 1-ml samples) 
New Zealand <50,000 >50,000 

MB Test 
Jackson (1978) 2 .54 h 52h 

Coliform Bacteria 
SDT (1975) <I0 10-1 00 >lo0 
Davis (1969) <10 10-100 >100 
Jackson (1978) Absent in 0.1 g Present in 0.1 g Present in 0.01 g 
EEC (1992) Absent in 5 x 1ml <5 in 2 of 5 x 1ml >5 per ml 
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assured, other factors being satisfactory. The nearer the temperature 
is to O"C, the better, but such refrigeration is costly. Between 5°C and 
13°C the bacteria grow at an increasing rate, and deterioration of 
quality accelerates; though 8°C is the upper limit permitted in distrib- 
ution and storage, the temperature will exceed this after purchase as 
the product is being taken home. Above 13"C, bacterial growth rapidly 
produces souring or other taints, or at least a failure in the total count, 
coliform, or MB tests. Refrigeration is the only legally permitted 
method for controlling the shelf life of cartoned cream during distrib- 
ution and storage. 

The above considerations do not apply to sterilized or UHT-treated 
creams. However, if the former is contaminated through a leaking 
seam, temperature will affect it; also, those enzymes that survive 
UHT treatment will cause changes that proceed faster at higher 
temperatures. 

4.1.15 Taints in Cream 

Taints in cream may be absorbed as chemical entities, or they may 
develop as the result of the growth and metabolism of microorganisms. 

Because the milk fat in cream is emulsified, it has an enormous 
surface area (>0.3 m2ml-' in unhomogenized cream alone) and readily 
absorbs odors from the atmosphere. It is therefore of the greatest 
importance that cream should not be stored where any odoriferous 
material, such as disinfectants, paint, varnish, scents, or "strong- 
smelling" foods, are stored. The taint is usually so characteristic that it 
is unmistakable and the tainted cream will be inedible. An absorbed 
odor is readily distinguished from a microbiological taint because the 
former passes-off on standing open to the atmosphere, whereas the 
latter steadily increases in intensity. 

Another type of chemical taint can be caused by cows eating certain 
plants, such as garlic or decayed fruits (e.g., apples). Oxidized taints 
can occur in cream of very good microbiological quality held at low 
temperatures. Ultraviolet light plus minute concentrations of copper 
can promote oxidation of milk fat, rendering cream so unpleasant as to 
be inedible in a few hours. The higher the bacterial count, the slower 
the development of oxidized taint, because bacteria consume oxygen 
and thereby lower the Eh of the cream. 

Occasionally an absorbed type of taint can be imitated by the growth 
of certain organisms. Thus yeasts can produce fruity flavors (sometimes 
quite specific), and some bacteria can produce taints resembling apples 
and other fruits. 
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The origin of a taint in cream may be difficult to elucidate, but some 
fundamental causes of taints are as follows: 

1. Abnormalities in the milk inside the udder due to mastitis, late 
lactation, method of feeding, or weeds in the pasture. 

2. Failure to cool the milk immediately after milking, thereby per- 
mitting lipase and other enzymes to act on the milk; aeration and 
agitation may accelerate the chemical changes involved. 

3. High count milk and/or cream (lack of hygiene in production). 
4. Use of stale milk. 
5. Dirty separators and other equipment (this gives a characteristic 

dirty taint). 
6. Failure to cool the cream. 
7. High temperature of holding during distribution and sale. 
8. Cream stale when sold. 

Asking the following simple questions may be helpful. 

1. Was the taint in the original milk? 
2. How old was the milk when separated? 
3. Was the taint in the cream after separation? 
4. What time elapsed between pasteurisation and sale? 
5.  At what temperature was the cream held? 
6. What was the bacterial count at the time of sale? 

A critical survey of the answers to these questions will usually afford 
some clue as to the nature of the problem. If the taint has developed 
only after pasteurization, it may be due to dirty equipment, thermod- 
uric bacteria, and/or holding at too high a temperature. If present in 
the cream immediately after separating, it may be due to enzyme action 
in the raw milk, or it may be inherent in the milk itself. 

A more sophisticated approach is to test the milk, raw cream, and 
pasteurized cream at the point of sale for the following: 

1. Thermoduric bacteria 
2. Lipolytic bacteria using tributyrin agar (5  days at 22°C) 
3. Caseinolytic bacteria using caseinate agar (5  days at 22°C) 

Usually, 1 and 3 give similar results. If large numbers are found, the 
taint may be of bacterial origin, but, if not it, may be due to lipase or 
oxidase action. 
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The coliform and MB tests are usually of little use for this purpose, 
although a high coliform count suggests dirty equipment. Bitterness 
and other taints in cream may be caused by contaminated water infect- 
ing the milk or cream with Proteus, Pseudomonas, Achrornobacter, 
or other proteolytic and lipolytic organisms able to grow at low 
temperatures. 

In general, all bacteriological tests for faults in cream should be made 
at 22”C, and never at above 30°C. In all quality control work for milk 
and cream, odor and taste tests should always be made immediately 
after processing, and at a time corresponding to sale. The product 
should be adjusted to 20°C for this purpose. 

4.1.15.1 Bitterness. A bitter taste can be developed in cream by a 
number of microorganisms. It usually results from proteolysis giving 
rise to hydrophobic peptides. Partial glycerides resulting from lipolysis 
may also be responsible. In addition to Proteus and other Gram- 
negative rods, some yeasts and molds can produce bitterness, although 
associated growth may be necessary. For example, souring by a lactic 
organism, such as Lactococcus Zactis, may be necessary to allow 
Rhodotoritla mucilaginosa to produce a bitter flavor. 

4.1.16 Microorganisms Causing Defects in Cream 

All milk and products made from it, such as cream, become contami- 
nated by microorganisms from the udder, or from the cow, or during 
the milking process. The “original” flora in this sense consists mainly 
of lactococci, streptococci, micrococci, corynebacteria, and aerobic 
and anaerobic spore-forming bacteria (Crossley, 1948; Davis, 1971; 
Tekinsen and Rothwell, 1974). Thus, if cream is sold raw, all these organ- 
isms will generally be present as well as cow-derived pathogens. From 
the time the milk is put through the various stages necessary for the 
production of cream, a variety of organisms accumulate until the final 
heat-treatment destroys most of them. Staphylococci and lactobacilli, 
Gram-negative rods from watery environments (many of them psy- 
chrotrophic), are usually prominent, but the proportions depend not 
only on the level of hygiene but also on the temperature of the cream. 
The last two types and B. cereus are favored by failure to cool the cream 
rapidly to 5°C or under. 

4.1.16.1 Types of Organisms Found in Cream. In their investi- 
gation of changes in the microflora in retail creams held at 5°C for 5 
days, Tekinsen and Rothwell (1974) found that initial counts were low 
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and that the proportion of psychrotrophs were small. After storage, 
the psychrotrophic count (at 5°C) varied from about lo2 to over 
107cfuml-', and the mesophilic count (at 30°C) various from about 10' 
to 10*cfuml-'. In fresh cream, the predominating organisms at 5°C 
were Pseudomonas, Alcaligenes, Acinetobacter, Aeromonas, and Achro- 
mobacter, and at 30"C, they were Corynebacterium, Bacillus, Micro- 
coccus, Lactobacillus, and Staphylococcus. The distribution of types 
varied greatly with the source of the cream. After holding for 5 days at 
5"C, nonfluorescent Pseudomonas tended to become the predominant 
type and Corynebacterium and Micrococcus were reduced in number, 
although there were still differences between samples. 

Similar results were reported by Phillips et al. (1981a,b), with post- 
heat-treatment contamination by Gram-negative organisms being the 
major factor in limiting the shelf life. If this contamination were elim- 
inated, then survival of bacterial spores would then be a limiting factor; 
increasing the storage temperature from 6" to 10°C halved the shelf 
life of the cream. The mean shelf-life of the samples varied from 5 to 23 
days (a considerable difference). At the end of shelf life, Pseudomonas 
spp., and especially the nonfluorescent types, were very definitely the 
predominant flora. 

In their study of the bacteriological condition of retail cream in 
Worcestershire, Colenso et al. (1966) found that 223 out of 540 samples 
failed the MB test, and only 181 were satisfactory. Counts were fantas- 
tically high, with 70 samples having counts of 2-50 x 10'g-l and 137 
having counts of over 10'g-'; large numbers of coliforms and Bacillus 
spp. were recorded. However, Barrow et al. (1966) reported that cream 
could have a count of 5 x 107g-' without the flavor being affected. 

4.1.16.2 Identification of Bacteria Causing Taints in Cream. It 
is not necessary to identify organisms causing taints in cream with 
academic precision. A broad typing sufficient to identify the genus and 
probable species is quite adequate to indicate the source (e.g., dirty 
equipment) or the reason for development of the taint (e.g., storage at 
too high a temperature) and the method that should be adopted to 
eliminate the contamination. 

4.1.16.3 Psychrotrophic Organisms. All perishable foods have to 
be held at low temperatures, usually not above 5"C, and this treatment 
constitutes a form of selective enrichment. Psychrotrophic organisms 
are defined as those capable of growing at low temperatures, although 
they may in some cases have a high maximum temperature-for exam- 
ples, 50°C and an optimum in the range 30-40°C (Harrigan, 1998). 
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While a temperature of about 30°C is generally suitable for making 
total counts on dairy products, an examination of long shelf-life prod- 
ucts (e.g., keeping for 7-14 days at 5°C) should include counts made at 
20-22°C as well as at 30°C in order to check the numbers of organisms 
capable of growing at lower temperatures. The correlation between 
counts at 5-10°C and those at 22°C is usually high. 

The term “pseudomonads” is sometimes used to embrace all 
Gram-negative, non-spore-forming, oxidase-positive rods that com- 
monly contaminate dairy products from dirty water. They do not 
sour cream but produce a variety of taints when the count approaches 
1 cfu m I- I .  

A count of oxidase-positive bacteria can be made by flooding the 
plate with a reagent that develops a color under oxidase reaction, such 
as freshly prepared 1 YO tetramethyl-p-phenylenediamine hydrochlo- 
ride, which turns successively pink, purple, and finally black. A parallel 
flooding of another plate with 1 %  hydrogen peroxide solution will 
identify catalase-positive colonies by a continuous evolution of tiny 
bubbles of oxygen. 

The pseudomonads may be broadly distinguished from the Enter- 
obacteriaceae by being oxidase- and catalase-positive and by not fer- 
menting lactose. Most Enterobacteriaceae ferment lactose and are 
catalase-positive but oxidase-negative. 

4.7.76.4 Pseudomonas. This genus consists of Gram-negative non- 
spore-forming rods that attack proteins and fats strongly, but have little 
or no effect on sugars. They require air for growth and often produce 
greenish pigments and various taints. They are associated with watery 
environments and can grow at low temperatures, but are easily killed 
by pasteurization. The most common in dairy products is Pseudonzonas 
jhorescens, which attacks fat and produces rancidity. F! jragi develops 
an apple-like ester taint before rancidity is detected by taste, and F! 
pcitrefaciens produces a putrid odor. f? nigrifaciens can give a blackish 
discoloration on the surface of dairy products. 

In general the genus is harmless, but F! aeruginosa can grow at 42”C, 
is very resistant to antibacterial chemicals (antibiotics and quaternary 
ammonium compounds), and is now recognized as an opportunist 
pathogen. 

4.7.76.5 Yeasts. Yeasts are not commonly the cause of defects in 
dairy products, because (with a few exceptions such as Kluyveronzyces 
lcictis which may be selected by consistently poor hygiene practices) 
they do not ferment lactose and grow comparatively slowly. However, 
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if organisms (such as lactococci) that are capable of hydrolyzing lactose 
are present, or if sugar is added (in whipped cream, for example), then 
yeasts can grow rapidly and produce a characteristic yeasty or fruity 
flavor and obvious gas. Torula cremoris or Candida pseudotropicalis and 
Torulopsis sphaerica have been responsible for outbreaks of this defect 
in cream. 

4.1.16.6 Anaerobic Spores. The presence of bacterial spores in 
milk is of considerable importance for certain dairy products, particu- 
larly those that are sterilized by retorting or UHT processes. Destruc- 
tion of anaerobic spores is essential in sterilized and UHT products, 
because cream is a low acid product. Thus all creams and similar long- 
shelf-life products should be subjected to a “botulinum cook”-that is, 
a heat treatment in excess of 121.1”C for 3min or equivalent. Assum- 
ing a 2 value of 10°C, this treatment should give a 12-decimal reduc- 
tion in the probability of Clostridium botulinum surviving the heat 
treatment (IFST, 1998). 

4.1.16.7 Aerobic Spores. Aerobic spores can be a serious source 
of trouble and may be classified into groups according to their heat 
resistance. 

The spores of B. cereus are only moderately heat-resistant, but can 
easily survive pasteurization and somewhat higher temperatures. 
This and other Bacillus species can grow at low temperatures (Cox, 
1975), although a temperature of 5°C will retard their growth 
for some days (Davis, 1969,1971). B. cereus is of particular importance 
for cream, because it can not only induce sweet curdling (or “bitty 
cream” in milk) and proteolytic spoilage in cream, but can also 
reduce methylene blue and thereby lead to failure in the official PHLS 
test. 

Other species, such as B. Licheniforrrzis and B. coagulaizs, can also 
become prominent in cream (Cox, 1975; Tatzel, 1994). Bacillus 
subtilis and its variants is also important in terms of producing spores 
that are markedly heat-resistant, and they may be responsible for 
bitterness and thinning in sterilized creams. More recently, B. P U W Z ~ L L ~ S  
has been recognized as a potential contaminant carried over from 
the raw milk (Lewis, 1999), and B. sporothermodurans has been 
recovered from UHT cream (Herman et al., 2000). B. sporothermodu- 
rans is far more heat-resistant than B. stearothermophilus under 
UHT conditions, with Dido values of 3.4-7.9s compared to 0.9s for the 
latter with z values of 23.1-14.2”C and <lO°C, respectively (Klijn et al., 
2000). 
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The survival of spores is also a significant factor with clotted cream. 
There are two reasons for this. The process kills all vegetative cells and 
thus leaves a clear field for the growth of the spores, plus the heating 
gives a shock to the spores which stimulates germination (Davies, 
1975). 

4.1.1 7 Microbiological Associations 

Organisms seldom occur in pure culture in nature, and the importance 
of interconnecting activities or associated action is not always appreci- 
ated. An organism may exert a powerful influence on the shelf life 
by releasing a source of energy (e.g., by hydrolyzing lactose) for 
another organism to utilize, or by creating favorable or unfavorable 
conditions (acidic or anaerobic conditions). For example, souring of 
milk by Luc. Zactis may inhibit growth of Bacillus spp. and other types 
sensitive to acid (Harman and Nelson, 1955). 

4.1.18 Food Poisoning from Cream 

Untreated cream poses similar risks to untreated milk, possibly in- 
creased by the additional handling in its preparation. Untreated cream 
was implicated in an outbreak of E. coli 0157 phage type 2 food poi- 
soning in the United Kingdom (Anonymous, 1998). 

Heat-treated cream may differ from milk for two reasons: 

1. Cream is normally more severely heat-treated than retail milk. 
2. Cream is expected to have a longer shelf-life than retail milk. 

Thus, in practice, while there is less probability of food-poisoning 
organisms from milk passing into cream, any which do pass into cream 
have more chance of proliferating and thereby causing trouble. Any 
contamination after heat treatment may be more serious for this reason, 
although if the cream is held below 5"C, the chance of food poisoning 
organisms growing is considerably reduced. 

The most common cause of deterioration of cream is water- 
borne contamination, the most common source of Pseudomonns; 
and if the water is contaminated with sewage, Salmonella and other 
fecal types may be present. Salmonella spp. have been found in cream 
and chocolate cakes (Serra et al., 1989), and in the past this was the 
usual cause of food poisoning from cream, but such incidents are now 
rare. 
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Jensen (1990) reported holding temperatures of 69.1-72.5"C to give 
a 1-s decimal reduction time for different strains of L. rnonocytogenes 
when using a plate heat exchanger, indicating a low probability of sur- 
vivors. The generation times for L. rnonocytogenes strains varied from 
22.2-28.817 at 4°C to 8.6-14.4h at 7°C. 

EU standards (EEC, 1992) for pasteurized cream include: 

L. rnonocytogenes Absence in 1 g  
Salmonella spp. Absence in 25g where n = 5 ,  c = 0 

Other species are covered by the general requirement that the prod- 
ucts should not contain pathogenic microorganisms in such quantity as 
to affect the health of the ultimate consumer. 

4.2 BUTTER 

Cream is the primary ingredient for butter, and its microbiology will 
have a major influence on the butter made from it. However, butter is 
a water-in-oil emulsion with at least 80% fat, so the microflora will be 
primarily concentrated within the dispersed aqueous phase and subject 
to both steric and compositional limitations, varying with the butter- 
making method used. 

4.2.1 Butter Making 

Butter making is essentially the controlled destabilization of the oil-in- 
water emulsion of cream, selective concentration of the lipid compo- 
nents by removal of the aqueous buttermilk fraction, and subsequent 
formation of a stable water-in-oil emulsion. The products may be divided 
into sweet cream and cultured cream butters, while the processes 
employed may be divided between: 

1. Traditional batch churning 
2. Continuous churning, often referred to as the Fritz process 
3. High-fat processes 

In both the traditional and continuous churning processes, the pas- 
teurization of the cream is in effect the critical control point, with all 
steps thereafter potentially leading to contamination of the final 
product. With the high-fat processes there is less potential for contam- 
ination. An outline of the various processes is given in Figure 4.3. 
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Figure 4.3. Alternative sequenccs of operations to produce butter.  
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The microbiological considerations in preparing cream for butter 
making are similar to those for other forms of cream-in particular, the 
risks of sour milk introducing off-flavors and high psychrotroph counts, 
which, in turn, lead to the presence of heat-resistant lipases. However, 
butter may be used as a sink product for surplus and downgraded milk 
or cream, and microbial quality problems may be expected in these 
circumstances. 

4.2.2 Traditional Batch Churning 

4.2.2.7 Original Farmhouse Methods. Up to the late nineteenth 
century, cream was separated by standing raw milk in bowls overnight 
and then decanting off the top cream layer. Extensive growth of the 
endogeneous microflora was normal, with lactic acid bacteria predom- 
inating. The cream was not heat-treated but transferred to a wooden 
churn, and the emulsion was broken by manual churning or beating. 
Washing the butter grains with unchlorinated, often unfiltered water 
would remove much of the milk solids-not-fat (MSNF), thereby reduc- 
ing the substrate available to support microbial growth but introduc- 
ing additional water-borne organisms. The addition of salt and/or storage 
in brine was needed as a preservative. 

Similar microbiological problems may still be found where very 
simple production methods are being used. 

4.2.2.2 €ar/y Creamery Production. The introduction of mechan- 
ical separators led to centralization of separation in “creameries,” with 
butter making then being scaled up and mechanized. Further progress 
was made at the beginning of the twentieth century with the introduc- 
tion of cream pasteurization. Hygiene was also improved considerably, 
although until the middle of the twentieth century the majority of 
churns were still made of wood, with consequent problems in cleaning 
and disinfection. Wooden churns were replaced by stainless steel churns 
(and some aluminum churns initially), permitting more rigorous clean- 
ing methods to be applied. 

Reduction of the natural souring microflora from the cream gave 
a much blander product and gave rise to a division in manufacturing 
methods. The United Kingdom followed New Zealand practice in 
churning the sweet cream, then adding salt to the butter grains and 
working the mass to form a salted butter. Other European countries 
tended to add a starter culture to sour the cream to regain the tradi- 
tional flavor before butter making. 
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4.2.2.3 Current Practice. Cream for traditional batch butter 
making is normally separated at 35% fat but may be up to 40% fat, 
using temperatures of 50-63°C for separation. The cream is then 
pasteurized at 74-80°C for 15s and cooled to 5-8°C using a plate 
heat exchanger, the treatment being sufficient to eliminate vegetative 
pathogens and virtually all lactic acid bacteria and other contaminants. 
The cooled cream contains a mixture of crystalline, supercooled, and 
liquid fats and should be held cold for at least 4 h, preferably overnight, 
to allow further crystallization of the milk fat to take place. Most of this 
additional crystallization takes place within the first two hours and is 
accompanied by the release of latent heat of crystallization. The energy 
release brings about a rise in the cream temperature, typically about 
2"C, which must be compensated for by either greater initial cooling or 
by cooling the cream in the aging tank. Cream aging tanks are typically 
5000- to 10,000-liter capacity, equipped with a slow-moving stirrer and 
chilled water jacket. Such tanks, like the pasteurizer, will be cleaned- 
in-place and have minimal effect on the cream microflora. 

Following aging. the cream at -8°C will be pumped over to the 
churn, with no more than half filling it. (The churn will previously have 
been disinfected-for example, by either hypochlorite or peracetic acid 
treatment.) Rotation of the churn introduces air into the cream, creat- 
ing an unstable coarse aeration which, in conjunction with the mechan- 
ical impacts between globules, leads to damage of some of the fat 
globules, release of free fat, and agglomeration of both the damaged 
and undamaged milk fat globules to form butter grains. 'The tempera- 
ture of the mass also rises to 212°C. The microflora of the cream will 
be divided between the free serum (known as buttermilk) and the 
butter grains, with most being retained within the buttermilk. 

Buttermilk is drained off from the butter grains and pumped away. 
Chilled, preferably pasteurized, water is then added to the butter grains, 
and the churn is rotated slowly for a short time to ensure adequate 
mixing. Pasteurization or an equivalent process will minimize contam- 
ination from the water, because mains water normally contains psy- 
chrotrophic organisms, which, while they should not be a public health 
problem, do pose a spoilage risk. The wash water is then drained off, 
removing approximately 90% of the MSNF and hence providing a less 
attractive medium for microbial growth. The cooling of the butter 
grains also aids subsequent handling. 

Salt may then be added to the drained butter grains. In the United 
Kingdom up to 2% finely milled salt is normally added for salted butter, 
though in Wales there is also a market for extra salted butter with >3% 
salt. The salt dissolves in the residual serum, a maximum of 16% mois- 



BUTTER 161 

ture being permitted in butter virtually worldwide. Though some mois- 
ture droplets already dispersed in the fatty matrix may not become 
salted, most of the serum becomes salted, with a 2% addition being 
equivalent to >11 YO in the serum phase. This is equivalent to an a,, of 
0.94 and is sufficient to inhibit the growth of many bacteria. 

Restarting the churn causes the mass of butter grains to tumble, 
consolidating the butter grains into a continuous phase of liquid fat 
containing dispersed phases of damaged and undamaged fat globules, 
milk fat crystals, and serum. The shear forces generated in the tumbling 
action break up the pools of serum into progressively finer droplets, 
the ideal state being when the droplets have been reduced to 110pm 
(Richards, 1982). At a mean particle size of lOpm, there would be over 
38 million droplets per milliliter of butter so that even with a poor 
cream containing 10,00Ocfu/ml less than 0.1% of the droplets should 
contain any organisms, the growth of which would be inhibited by the 
relative lack of nutrients and space. 

Once the butter has been worked sufficiently, it is dropped from the 
churn into a butter trolley. Smaller-scale production may use simple 
wheeled trolleys from which the butter is dug using stainless or plastic 
shovels, whereas larger-scale operations have an auger and butter pump 
built into the trolley to minimize the handling. 

Packaging is either into consumer packs, typically 250-g parchment 
or foil laminate, or into 25-kg polyethylene-lined cardboard boxes for 
storage. 

4.2.3 Continuous Butter Making 

Prototype continuous butter makers were evolved in the 1930s, but it 
was not until the 1950s that the methods had been developed suffi- 
ciently for the traditional batch techniques to be displaced. The great 
advantage of these continuous methods was the possibility of improv- 
ing the hygienic aspects of production while reducing labor costs. 

4.2.3.1 Fritz-Type Processes. The Fritz process was developed in 
Germany in the 1930s as a method for rapidly destabilizing small quan- 
tities of cream to produce a high-moisture butter, thus giving an hourly 
output similar to the larger batch churns. Subsequent development of 
the process by a number of manufacturers led to this technique becom- 
ing the most popular butter making method in Western Europe. These 
processes are described in more detail by Wilbey (1994). 

In most modern production lines, the aged cream is fed to the butter 
maker via a preheater, using a small temperature differential between 
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the cream and the warm water. The cream, now at the optimum for 
destabilizing the einulsion (about 12"C), is fed into the first cylindrical 
chamber where a beater rotating at -1000rpm beats and aerates the 
thin layer of cream to break the emulsion and promote aggregation of 
surviving and damaged fat globules. The mixture of aggregates and 
serum from the cream drops down a chute into a second cylindrical 
chamber that rotates slowly at up to 35rpm. The rolling action of the 
particles in the first part of this cylinder promotes further aggregation 
of the butter grains with some recovery of fat from the serum. The 
second part of the cylinder is perforated so that the serum, now referred 
to as buttermilk, can drain away while the butter grains increase further 
in size and consolidate. A significant proportion of the microflora in the 
cream will be lost in the buttermilk. Early designs of butter makers and 
those used for poor-quality cream may introduce a chilled wash water 
at this stage, as with batch butter making. Some butter makers cool and 
recycle buttermilk within this stage to cool the butter grains. 

Butter grains fall from the second cylinder into the first working 
stage, where a pair of contra-rotating augers consolidate the butter 
grains and squeeze out some of the buttermilk. The compacted butter 
grains are transported up a slight incline through a series of orifice 
plates and cutter blades, similar to a mincing machine. 'I'he effect of this 
action is to consolidate the butter grains into a continuous lipid phase 
of liquid milk fat in which are distributed the moisture droplets, milk 
fat crystals, and fat globules. Ideally these moisture droplets should 
have a diameter 110pm; but because this is difficult to achieve in a 
single working stage, most butter makers now have a second stage 
worker, linked to the first worker unit by a vacuum chamber that is 
used to standardize the air content in the butter. 

As described above, the butter maker would only be able to produce 
unsalted butter. However, salt may be introduced by dosing at the first 
orifice plates in the first working section. Dry salt is difficult to handle, 
so either a saturated brine (26% salt) for slightly salted butter or a 50% 
suspension for salted butter is used. The higher shear forces employed 
in the working sections should give a finer dispersion of moisture in the 
butter, thus giving superior keeping qualities to that from the tradi- 
tional batch butter makers. 

4.2.3.2 High Fat Processes. Several different processes based on 
reseparation before reversal of the emulsion had evolved and found 
niches in the world market for butter making. These are essentially hot 
cream processes that do not require cream to be aged but employed 
reseparation of the cream at temperatures varying from 52°C to 90°C 
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to achieve the desired 80% minimum milk fat content (McDowall, 
1953). Successful commercial exploitation of the processes required 
efficient scraped surface heat exchangers in which the cooling, crystal- 
lization, and formation of the water-in-oil emulsion took place. Salted 
butters could be produced by blending salt with the high-fat cream 
before cooling, but ripened cream butters were less easily produced by 
his technique. 

Most recently, the Ammix process was developed in New Zealand 
for continuous butter production. In this process, part of the cream 
is reseparated, the emulsion is broken, and a third stage separation 
is applied to produce an anhydrous milk fat that is then mixed with 
the remainder of the cream and possibly salt to give a mixture with 
>80% fat, <l6% moisture. This mixture is then cooled and worked by 
passage through scraped surface heat exchangers and worker units to 
produce the desired plastic product that would pass directly from the 
cooler exit to the filler for packing into either retail or bulk packs for 
storage. 

Production plant for the high-fat process should always be cleaned 
in place. With a closed system and a shorter product pathway down- 
stream of the heat treatment, the risks of recontamination are less than 
those for the Fritz-type processes. Adequate working of the butter in 
the scraped surface units should ensure that moisture droplet sizes are 
kept below ZOym so that the product should be stable in microbiolog- 
ical terms. 

4.2.3.3 Recombined Butters. Recombined butters may be pro- 
duced by the recombination of the fatty and nonfat components of 
butter, selected for their long shelf life so that the recombined butter 
may be produced in areas with insufficient milk supply to meet their 
dairy product demands. Anhydrous milk fat, through its extremely low 
moisture content (<0.1 Yo), will not support microbial growth and, pro- 
viding that it is correctly packaged and stored, has its shelf life limited 
by the development of oxidative rancidity. Milk powder, typically skim 
milk powder (SMP), will carry a microbial load of thermoduric organ- 
isms and spores but will also be stable, provided that the moisture 
content remains below 4%. To make up the aqueous phase, SMP is dis- 
persed in potable water and salt is added (if desired). Flavorings may 
also be added. The lipid phase is primarily milk fat, but emulsifiers may 
be added where the product is intended for baking or frying. The emul- 
sion may be created either by a batch blending or by in-line dosing and 
mixing systems. Though the ingredients should be free of pathogens, it 
is desirable that either the individual phases or preferably the emul- 
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sion be heat treated. Heat treatment may use plate, tubular, or scraped 
surface heat exchangers but all cooling below -40°C must use scraped 
surface heat exchangers as the viscosity rises quickly once the milk 
fat begins to crystallise. As with the high fat butter making processes, 
the high shear forces during cooling promote the production of a fine, 
plastic emulsion. 

4.2.4 Ripened Butters 

Improved hygiene by the end of the nineteenth century and heat treat- 
ment of the cream removed much of the natural microflora associated 
with the cream ripening. It was then necessary to produce the ripened 
creams by adding a starter culture to the heat treated cream.The starter 
cultures were originally extracted from souring milks and cream, 
selected on the basis of their lactic acid or flavor production. 

4.2.4.1 Cream Fermentation. Strains of Lac. lactis subspp. lactis and 
cremoris were selected for their rapid production of lactic acid by fer- 
mentation of lactose. Lac. lactis subsp. l a d s  biovariarit diacetylactis is 
a much weaker producer of lactic acid but carries the plasmid for 
metabolism of citrate, yielding a number of metabolites including 
diacetyl, which is a major contributor to the flavor of soured creams 
and butters as well as having some biostatic properties. The fourth 
organism normally present is Leuconostoc mesenteroides subsp. cre- 
nzoris, which, in addition to its ability to metabolize citrate, can reduce 
acetaldehyde to ethanol, thus avoiding the green flavor note that is 
associated with yoghurt. Hugenholtz and Starrenburg (1992) looked at 
eight strains of Leuconostoc, finding that while citrate lyase and alpha- 
acetolactate synthetase were induced by citrate, the citrate appeared to 
be converted to D-lactate. These lactic acid bacteria are mesophiles and 
are normally grown at 20-30°C. 

Cream for ripened butter production is frequently subjected to a rel- 
atively severe heat treatment-for example, 90-95°C for 15s or flash 
treatment at >lOO"C. This should be sufficient to remove thermoduric 
enterococci, lactobacilli, and micrococci, and the additional protein 
denaturation will release sulfhydryl compounds, thus reducing the Eh 
in the cream and providing a better medium for starter growth. Fer- 
mentation at 20°C will take 12-20hs, depending upon the activity of 
the starter culture and the desired acidity. Flavor development is con- 
trolled by pH, not just in terms of the amount of lactic acid produced 
but by the control that pH exerts on the biosynthesis of diacetyl. Above 
pH 5.4, the enzyme acetolactate synthetase is inhibited, thus inhibiting 
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production of acetolactate, a precursor to diacetyl (Cogan and Hill, 
1993). Below that threshold, citrate is converted to acetoin, which may 
then be oxidized to diacetyl. 

The final acidity of creams for the manufacture of ripened butters 
may vary from pH 5.3 for mild ripened butters to pH 4.5 for the more 
strongly flavored varieties, which are more common in Scandinavia. The 
lower pH products will normally contain higher levels of diacetyl and 
lactic acid. The final pH is achieved by cooling the fermenting cream 
to 110"C, at which point metabolism will virtually stop. This cooling 
may be achieved by batch cooling using a chilled water jacket while 
stirring slowly, or particularly for larger quantities, by pumping from 
the fermentation tank through a plate heat exchanger to a holding tank. 
In either case, cooling must start before the target pH is reached 
because fermentation will continue in the uncooled cream. 

Traces of short-chain fatty acids may contribute to the flavors of 
butters, the contribution being highly dependent on concentration for 
the particular fatty acids. Excessive levels can lead to cheesy and rancid 
off-notes. The starter microfloras are weakly lipolytic and thus unlikely 
to be a cause of such off-flavors. 

Ripened creams may be churned to butter using either the tradi- 
tional batch churning or Fritz type of process. The combination of a low 
pH and a microflora rich in lactococci is usually sufficient, as with salted 
butter, to inhibit growth of microbial contaminants within a correctly 
produced fine emulsion. 

4.2.4.2 N1ZO Process. Though the use of ripening of cream pro- 
duces a butter that is preferred by a large proportion of European 
consumers, the process creates approximately equal quantities of lactic 
buttermilk. This lactic buttermilk is difficult to heat treat and process 
into products for which there is consumer demand; thus, much of the 
lactic buttermilk has to go for animal feed, which gives a minimal 
return. 

One way to get around this economic problem was invented at the 
Netherlands Institute voor Zuivelondazoek (NIZO), where the starter 
culture and lactic acid were added to the butter grains made from sweet 
cream using a Fritz-type continuous butter maker (Veringa et al., 1976). 
The Lac. lactis subspecies, including the diacetylactis biovariant, were 
grown up and the cultured medium aerated to oxidize acetoin to 
diacetyl, raising the diacetyl level to -40 ppm. The Leu. mesenteroides 
culture was grown separately. Addition of these cultures could provide 
the characteristic microflora to the butter, but there was not sufficient 
acidity from this source to reduce the pH to below 5.3. Additional lactic 
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acid was provided by blending the Lactococcus culture with a “culture 
concentrate,” prepared by fermenting whey with Lactobacillus helveti- 
cus and then recovering the dilute lactic acid by ultrafiltration and 
evaporating to 11% acid. Total addition rates corresponded to 2% 
starter culture and 0.7% concentrate. 

Other inventions have sought to simplify the process further-for 
instance, by using lactic acid, cultures, and a flavor distillate prepared 
off-site (Wiles, 1978). 

4.2.5 Reworking 

Worldwide, most butter production is based on the surplus milk fat that 
accumulates during seasonal peak milk production, whereas consumer 
demand is more constant.The majority of butter is thus packed as “bulk 
butter” into 25-kg card boxes lined with polyethylene (which has 
largely replaced parchment). This butter will be stored frozen (-10°C 
to -27°C) until required and will be microbiologically stable. Indeed, 
the total colony counts will tend to decline with time, along with 
coliforms (Jensen et al., 1983). 

For consumer sales, this frozen bulk butter must first be thawed out, 
chopped up, and reworked to return it, albeit temporarily, to a plastic 
state and packed into retail portions, typically 250g. The thawing 
process can take up to a week in a cool room for large quantities of 
butter, providing an opportunity for any yeast, mold, or bacterial con- 
taminants on the surface to grow. Both floor space, time, and the poten- 
tial for deterioration can be reduced by deboxing and then using a 
microwave tunnel attemperation system. The 25-kg blocks are then 
stripped of their polyethylene covering and comminuted to flakes using 
a shiver. These flakes must then be converted into a plastic mass by 
reworking. 

Smaller reworking facilities may still use batch sigma or “Z” 
blenders, so named after the shape of the mixing arms. These are essen- 
tially open mixing vessels, and the blended butter will be either dug out 
by hand or tipped into an open auger system. Hand cleaning is the 
norm, and there is plenty of scope for recontamination. 

Most butter reworking plants now use continuous reworkers linked 
directly to the shiver.These are similar to the working units on the con- 
tinuous butter makers and work in exactly the same way. Continuous 
reworking systems are essentially closed systems and can be installed 
with CIP so that cleaning and disinfection may be closely controlled. 
Contamination of the butter during reworking is much less of an 
problem than with the open batch units. 
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TABLE 4.7. European Union Milk Fat Standards for 
Spreadable Fats 

Sales Description 

Butter 
Three-quarter-fat butter 
Half-fat butter 
Dairy spread X % 

Reduced-fat butter 
Low-fat or light butter 

YO Milk Fat 

280 190 
260 162 
239 <41 
<39% or 
>41 <60 
>62 <XO 
>41 <62 
<4 1 

Additional water and/or salt may be added during the reworking to 
optimise their levels. Any water added must be at least of potable 
quality. 

4.2.6 Reduced-Fat Butters 

Compositional standards for reduced-fat butters and similar products 
are covered by EU regulations, summarized in Table 4.7 (EC, 1994; UK 
Regulations, 1995d). 

Reducing the fat content of butters and similar fat spreads will result 
in an increase in the moisture content. In the case of salted products, 
the salt content cannot be increased so that the level of salt in the 
aqueous phase will decrease pro rata with the moisture increase. The 
consequent increase in a, will make the product more susceptible to 
spoilage. Substitution of milk fat by vegetable fats will have no direct 
effect on microbiological stability, but may alter the pattern of free fatty 
acids liberated by any lipolytic activity. 

The increased moisture content increases the dependence upon a 
fine particle size distribution for microbial stability. However, fine 
emulsions tend to destabilize more slowly on the palate and give poorer 
sensory properties. In some low-fat products a biphasic dispersion may 
be formed (Charteris et al., 1992), which, while giving satisfactory 
sensory properties, may be less stable in microbiological terms. Reduc- 
tion in pH and/or the inclusion of potassium sorbate may inhibit 
spoilage (Charteris, 1995). 

Production methods for reduced- and low-fat spread products rely 
mainly on scraped surface technology (Wilbey, 1994). The aqueous 
phase may contain milk solids, salt, flavoring, stabilizers, preservatives, 
and other permitted additives. In most cases the ingredients will have 
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been pasteurized. ‘ h e  lipid phase may contain vegetable fats (in the 
case of blends), emulsifiers, color, vitamins, and flavor. The emulsion 
may be formed in a batch process or by continuous blending. If the 
aqueous phase or emulsion are at temperatures of 20-60°C, then 
there is potential for growth of thermoduric survivors such as 
Enterococcus spp., B. cereus, andlor thermophilic contaminants. Milk 
proteins will provide a source of amino acids to support microbial 
growth (Bullock and Kenny, 1969), whereas lactose will encourage the 
growth of lactic acid bacteria; this lactic acid may help to inhibit many 
bacterial species. 

Either the individual phases or, preferably, the emulsion should be 
heat-treated. Cooling of the emulsion within the scraped surface heat 
exchangers should avoid recontamination, with the remaining risk 
being at the packaging stage. Thus the main threats to product quality 
will come from failures in the CIP of the plant and from contamina- 
tion during the filling operation. 

In the final product, gelling agents such as milk proteins and stabi- 
lizers will reduce the diffusion rates of nutrients, thus inhibiting micro- 
bial growth (Robins et al., 1994). Gelation has an additional benefit in 
minimizing coalescence of the dispersed moisture droplets. 

4.2.7 Microbiological Associations 

In well-made salted butter the surviving microflora will be tolerant of 
low temperature and relatively high salt concentrations, allowing 
micrococci to predominate (Shehata et al., 1978). Environmental 
contaminants are likely to be inhibited and may slowly die out if the 
moisture is finely dispersed. 

Where the storage environment has a high humidity, particularly if 
a permeable packaging such as vegetable parchment is used, then psy- 
chrotrophic molds may grow on the surface of the butter. Mold species 
associated with fungal spoilage of butter include Cladosporium, 
Alternnria, Aspergillus, Mucor, Rhizopus, Penicillium, and Geotrichium, 
especially G. cnndidum (Jay, 1996). The color of the discoloration may 
be a good clue to the type of spoilage, but a black discoloration may 
be attributable to Cladosporiunz spp., yeasts such as Torula spp., or 
19 nigrifaciens. 

Mold growth on butter may be inhibited by the addition of potas- 
sium sorbate, with an additional benefit being the inhibition of 
coliforms (Kaul et al., 1979). However, most authorities regard the 
combination of good process hygiene and correct storage as the 
preferred method of avoiding mold and coliform contamination. 
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Unsalted sweet cream butter is the most susceptible to microbial 
contaminants because there is only the fine dispersion of the aqueous 
phase to inhibit growth. In ripened butters the lactic acid bacteria and 
reduced pH will inhibit many contaminants, including Pseudomonas 
spp., but will allow yeasts to grow if free moisture is available. 

As with all fresh products. contamination of wash water with lipoly- 
tic psychrotrophs will present a risk to product quality. P putrefaciens, 
Pfluorescens, I? mephitica, and I? fragi have all been associated with 
defects in butter. Surface growth of I? putrefaciens has been associated 
with surface taint resulting from release of free fatty acids, particularly 
isovaleric acid. Pfluorescens and f? fragi are also associated with lipoly- 
tic rancidity while a skunklike odor may be caused by P mephitica (Jay, 
1996). The organisms may be eliminated from the water supply by 
hyperchlorination to 220 ppm available chlorine without causing taints 
in the butter. 

Poor quality may also be associated with the presence of coliforms, 
an indicator of poor hygiene and potential risk of food poisoning. 

4.2.8 Food Poisoning from Butter 

Historically, butter has not been regarded as a high-risk product. 
However, the presence of a potentially pathogenic genus gives an indi- 
cation of a postprocess contamination problem, and there is a risk that 
any pathogenic contaminants could be transferred to a more amenable 
substrate and hence reach numbers that may cause problems for the 
consumer of that food. 

E U  regulations (EEC, 1992) require L. monocytogenes to be absent 
in 1 g butter, Salmonella spp. to be absent in 25 g (n  = 5, c = O), and col- 
iforms in butter made from pasteurized cream to be <lo5 
(rn = lo', n = 5 ,  c = 2). As with other foods, there is the overall caveat 
that pathogenic microorganisms and their toxins must not be present 
in quantities such as to affect the health of consumers. 

Sims et al. (1969) contaminated salted and unsalted sweet cream 
butters with S. typhimurium var. Copenhagen. Salmonella counts 
declined over a 10-week period when the butter was held 14.5"C, 
particularly 5-18"C. At 25"C, counts increased approximately a 
thousandfold in the first 5 weeks before declining to a similar level 
to the original inoculum by the tenth week. The salt did not have a 
protective effect. 

One cluster of listeriosis cases in the United States has been 
attributed to butter contaminated by L. monocytogenes, and there have 
been at least four recalls of butter contaminated with this organism. 
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Experimental manufacture of salted butter deliberately made from 
cream containing high numbers of L. moizocytogenes indicated that the 
majority of the organisms were lost in the buttermilk but that at 1.2% 
salt there was an increase of 1.9-2.7 orders of magnitude at 4-6°C and 
t3"C storage, respectively, while survivors in deep frozen butter 
dropped by less than one order (Ryser, 1999). 

Butter was also implicated in an outbreak of listeriosis in a hospital 
in Finland in 1998-1999 in which 25 patients were affected and 6 died. 
The outbreak strain was found in both the packaged butter and the 
manufacturing dairy (Lyytikainen et al., 2000). 

These reports emphasize the need for good hygiene practices in 
avoiding postpasteurization contamination. 

REFERENCES 

Airey, F. K. (1978) J. Soc. Dairy Technol., 31. 148. 
Alais, C., Lorient, D., and Humbert, G. (1978) Ann. Nutr. Aliment., 32,511. 
Anonymous. (1985) Dairy Znd. Znt. 50(6), 41. 
Australia (1993) Dairy Industry Regulation 199.3 Section 5. State of 

Barrow, G. I., Milier, D. C., and Johnson, D. L. (1966) Lancet, 2,802. 
Blankenagel, G. (1976) J. Milk Food Technol., 39,301. 
Board, P. W., and Steel, R. J. (1978) Food Technol. AuAt., 30, 169. 
Bradshaw, J. G., Peeler, J. T., Corwin. J. J., Hunt, J. M., and Twedt, R. M. (1987) 

Brown, J. V., Wiles, R., and Prentice, G. A. (1979) J. Soc. Dairy Technol., 32, 

Brown. J. V., Wiles, R., and Prentice, G. A. (1980) J. Soc. Dairy Technol., 33, 

Brown, J. V., and Prentice, G. A. (1982) X X I  International Dairy Congress Vol. 

Bullock, D. H., and Kenny, A. R. (1969) J. Dairy Sci., 52,625-628. 
Burton, H. (1988) Ultra-High-Temperature Processing of Milk and Milk Prod- 

ucts, Elsevier Applied Science, London. 
Cassedi, M. A., de Matos, R. E., Harrison, S. T., and Gaze, J. E. (1998) Heat 

resistance of Listeria monocytogenes in dairy products as affected by the 
growth medium. J. Appl. Microhiol., 84(2), 234-239. 

Charteris, W. (1995) J. Soc. Dairy Technol.. 48(3), 87-96. 
Charteris, W., Kennedy P., Heapes M., and Rerille W. (1992) Farm & Food 2( l),  

Queensland. 

.I. Food Prot., 50, 543. 

109. 

78. 

1,  book 2, Mir Publishers, Moscow. 

18-19. 



REFERENCES 171 

Cogan,T. N., and Hill, C. (1993) Cheese starter cultures. In Cheese: chemistry, 
physics and microbiology Vol 1. Ed Fox P. F., Chapman & Hall, London. 

Colenso, R., Court, G., and Henderson, R. J. (1966) Monthly Bull. Min. Health 
Public Health Lab. Service, 25,153. 

Cox, W. A.  (1975) J. Soc. Dairy Technol., 28,59. 
Crossley, E.  L. (1948) J. Dairy Rex ,  15,261. 
Davies, F. L.(1975) J. Soc. Dairy Technol., 28(2), 69-78. 
Davis, J. G. (1969) Dairy Industries, 34,555. 
Davis, J. G. (1971) Dairy Ind., 36,267. 
Dhamangaonkar, A. D., and Brave, 0. (1978) X X t h  Ini. Dairy Congr., E, 

846. 
E C  (1994) Council Regulation ( E C )  No. 2291/94 o f5  December 1994 laying 

down standards for spreadable fats. Council of the European Communities, 
Brussels. 

EEC (1992) Council Directive 92/46/EEC of 16 July I992 laying down the 
health rules for the production of raw milk, heat treated milk and milk-based 
products. Council of the European Communities, Brussels. 

Eibel H., and Kessler H. G. (1984) Milschwissenschaft, 39(11), 648-651. 
Felmingham, D. M., and Juffs, H. S. (1977) Aust. J. Dairy Technol., 32, 158. 
Fox, P. F., and Morrissey, P. A. (1981) In Enzymes and Food Processing, Applied 

Franklin, J. G. (1969) J.  Soc. Dairy Technol., 22,100. 
Griffiths, M. W., Phillips, J. D., and Muir, D. D. (1984) J. Soc. Dairy Technof., 

Harmon, L. G., and Nelson, F. E. (1955) J. Dairy Sci., 38,1189. 
Harrigan, W. F. (1996) Laboratory Methods in Food Microbiology, 3rd ed. 

Academic Press, London. 
Herman, L., Heyndrickx, M., Vaerewijck, M., and Klijn, N. (2000) Bulletin 

of the International Dairy Federation No  357/2000, International Dairy 
Federation, Brussels, pp. 9-13. 

Hersom,A. C., and Hulland, E. D. (1980) Canned Foods, Churchill Livingstone, 
Edinburgh. 

Holt J. G. (editor-in-chief) (1 984-1989) Bergey’s Manual of Systematic 
Bacieriology, Williams & Wilkins, Baltimore. 

Hugenholtz, J., and Starrenburg, M. J. C. (1992) Applied Microbiology and 
Biotechnology 38(1), 17-22. 

Hughes, D. (1979) J. Appl. Bacieriol., 46,125. 
IDF (1996) Bulletin 315: U H T  Cream, International Dairy Federation, 

IDF (1999a) Bulletin 339: The World Dairy Situation 1999, International Dairy 

Science, London, p. 213. 

37(1), 22-26. 

Brussels. 

Federation, Brussels. 



172 MICROBIOLOGY OF CREAM AND BUTTER 

IDF (1999b)lnternational Standard 15SA: 1999-Milk and milk-based drinks: 
Determination o f  alkaline phosphatase activity using a Auorimetric 
method. International Dairy Federation, Brussels. 

IFST (1982) Guidelines for the Handling of Chilled Foods, Institite of Food 
Science and Technology, London. 

IFST (1 998) Food arid Drink Manufacture-Good Manufacturing Practice, 4th 
ed. Institute of Food Science and Technology, London. 

Jackson. A. C. (1 978) J. Soc. Dairy Technol., 31,80. 
Jay, J. M. (1996) Modern Fuod Microbiology, 5th ed., Chapman & Hall, New 

Jayne-Williams, D. J., and Franklin, J. G. (1960) Dairy Sci. Absrr., 22,215-221. 
Jensen, H. (1990) ForsGgrapport-Statens Mejerifor s@g No 47 52pp. Cited in 

Jensen, H., Danmark, H., and Mogensen, G. (1983) Milschwissenschaft. 38(8), 

Kaul, A., Singh, J., and Kuila, R. K. (1979) J. Fond Prot., 42(8), 656-657. 
Kleyn. D. H., and Ho, C. L. (1977) J.  Assoc. Of@ Agric. Chenz., 60, 1389. 
Klijn, N., Wagendorp,A., Huemer, I., Langeveld, L., and de Jong, P. (2000) Bul- 

letin o f the  International Dairy Federation N o  357/2000, International Dairy 
Federation, Brussels, pp. 19-20. 

York. 

Dairy Science Abstracts 53(10), no 7027. 

482-484. 

Konietzko, M., and Reuter, H. (1980) Milchwissenschaft, 35,274. 
Lewis, M. J. (1999) Int. 1. Dairy Technol. 52(4), 121-125. 
Lewis, M. J., and Heppell, N. (2000) Continuo~is Thermal Processing of Foods, 

Aspen, Gaithersburg. 
Lyytikainen, 0.. Autio, T., Maijala, R., Ruutu, P., Honkanen-Buzalski, T., 

Miettenen, M, Hatakka, M., Mikkola, J., Anttila, V. J., Johansson, T.. 
Rantala. L.. Aalto, T., Korkeala, H., and Siitonen, A. (2000) J. Infectious 
Diseases 181(5), 1838-1841. 

McDowall, F. H. (1953) The Buttermaker's Manual Vols 1 & 2. New Zealand 
lrniversity Press, Wellington. 

McKellar, R. C., Cholette, H., and Emmons, D. B. (1988) Can. Inst. Food Sci. 
Technol. J. .  21(1), 97-101. 

MMB (1 980) Dairy Facts and Figures 1980, Milk Marketing Board of England 
and Wales, Thames Ditton. 

MMB (1 985) Diriry Frzcts and Figures 1985, Milk Marketing Board of England 
and Wales, Thames Ditton. 

MMB (1 990) Dairy Facts and Figures 1990, Milk Marketing Board of England 
and Wales, Thames Ditton. 

MMB (1992) Dairy Facts and Figures 1992, Milk Marketing Board of England 
and Wales, Thames Ditton. 

MMB (1 994) Dairy Fucts and Figures 1994, Milk Marketing Board of England 
and Wales. Thames Ditton. 



REFERENCES 173 

Muir, D. D., Kelly, M. E., and Phillips, J. D. (1978) J. Soc. Dairy Technol., 31, 

NDC (1996) Dairy Facts and Figures 1996, National Dairy Council, 

NDC (1997) Dairy Facts and Figures 1997, National Dairy Council, 

NDC (1998) Dairy Facts and Figures 1998, National Dairy Council, 

NDC (2000) Dairy Facts and Figures 1999, National Dairy Council, London. 
Nichols, A. A. (1939) 1. Dairy Res., 10,231. 
Peeseboom, J. W. C. (1969) Milchwissenschaft, 24,266. 
Peeseboom, J. W. C. (1970) Erhakriingsindustrie, 72,299. 
Phillips, J. D., Griffiths, M. W., and Muir, D. D. (1981a) J. Soc. Dairy Technol., 

Phillips, J. D., Griffiths, M. W., and Muir, D. D. (1981b) J. Soc. Dairy Technol., 

PHLS (1971) J.  Hyg. Camb., 69,155. 
Pien, J. (1977) Technique Lait., 904/905,7. 
Richards, E. (1982) J. Soc. Dairy Technol., 35(4) 149-153. 
Robins et al. (1994) 
Romney, A. J. D. (ed.) (1990) CZP: Cleaning in Place, 2nd ed., Society of Dairy 

Rosenow, E. M., and Marth, E. H. (1987) J.  Food Prot., 50(6), 452-459. 
Rothwell, J. (1969) J. Soc. Dairy Technol., 22,26. 
Ryan, J. J., and Gough, R. H. (1982) Food Prot., 45(3), 279. 
Ryser (1999) 
SDT (1975) 
Serebrennikova, V. A., Patratii, A. P., Rashkina, N. A., and Kravtsova, A. M. 

Serra M. de S., Ferrer-Escobar, M. D., Pericas-Bosch, E., DeSimom-Serra, M., 

Shehata, A. E., Mogdoub, M. N. I., El-Samagry, Y. A. A,, and Hassan, A. A. 

Sims et al. (1969) 
Smith, G. (1989) Sterilised Cream. In Cream Processing Manual 2nd edn, Ed 

Carolina, S. (1999) South Carolina Code of Regulations Chapter 61, in State 

Tatzel (1994) 
Tekinsen, 0. C., and Rothwell, J. (1974) J. Soc. Dairy Technol., 27,57. 

203. 

London. 

London. 

London. 

34(3), 109-113. 

34(3), 113-118. 

Technology, Huntingdon. 

(1978) Molochnaya Promyshlennost, No. 10, p. 23. 

Escobar, D. F., and Bosch, E. P. (1989) Anales Bromutol., 41(1), 81-86. 

(1978) Milschwissenschaft, 33(5), 292-294. 

Rothwell J. Society of Dairy Technology, Huntingdon. 

Regulations 23 issue 10, South Carolina. 



174 MICROBIOLOGY OF CREAM AND BUTTER 

Towler, c'. (1994) Developments in cream separation and processing. In 
Modern Dairy Technology, Vol. 1,2nd ed., R. K. Robinson ed., Chapman & 
Hall, London, pp. 61-106. 

UK Regulations (1995a) The Dairy Products (Hygiene) Regulations 1995, SI 
1995, No. 1086, HMSO, London. 

UK Regulations (190%) Miscellaneous Food Additives Regulntions 1995, SI 
1995, No. 3187, HMSO, London. 

UK Regulations (199%) Food Safety (Temperature Control) Regulations 1995, 
SI1995, No. 2200, HMSO, London. 

UK Regulations (1905d) Spreadable Fats (Marketing Standards) Regulations 
1995, SI1995, No. 3116, HMSO, London. 

UK Regulations (1996) Food Labelling Regulations 1996, SI 1996, No. 1499, 
HMSO, London. 

Veringa, H. A., van den Berg, G., and Stathouders, J. (1976) Milschwissenschaft 

Wilbey, R. A. (1992) J. Soc. Dairy Technol., 45(2), 31-32. 
Wilbey, R. A.( 1994) Production of butter and dairy based spreads. In Modern 

Dairy Technology, Vol. 1, 2nd ed. R. K. Robinson, ed., Chapman & Hall, 
London. pp. 107-158. 

Wilbey, R. A., and Young, P. (1989) Clotted cream. In Cream Procesying 
Manual, J. Rothwell, ed., Society of  Dairy Technology, Huntingdon. 

Wiles, R. (1978) UK Patent 1 579 068. 
Wright, R. C., and Tramer, J. (1953) J. Dairy Res., 20, 177,258. 
Wright, R. C., and Tramer, J. (1954) 1. Dniry Res., 21,37. 
Wright, R. C., and Tramer, J. (1956) J. Dairy Res., 23,248. 

31,658-662. 



CHAPTER 5 

THE MICROBIOLOGY OF 
CONCENTRATED AND DRIED MILKS 
RICHARD K. ROBINSON and PARIYAPORN ITSARANUWAT 
School of Food Biosciences, The University of Reading, Reading, England 

Dairy products of reduced moisture content may be produced to 
achieve savings in transportation and merchandising costs related to 
the reduced volume and weight; and these products, with their greater 
concentration of milk solids, are useful in the manufacture of ice cream, 
candies, and a variety of other food items. In some instances, desirable 
special properties result from one or more of the processing operations. 
In this chapter the concern will be with the microbiology of a number 
of important groups of product: (1) condensed and evaporated milks, 
(2) sweetened condensed milk, (3) the “retentates” obtained by reverse 
osmosis and ultrafiltration, and (4) dried milk powders. 

Some of these products are little different from pasteurized milk 
from a microbiological standpoint; but heat, at the level of com- 
mercial sterilization, confers excellent microbiological keeping quality 
on “canned” evaporated milk. Sugar at a level inhibitory to most micro- 
bial growth retards spoilage in sweetened condensed milk, whereas in 
dried milk products the low available water acts as the inhibitory factor 
with respect to any bacterial spores or vegetative cells that have sur- 
vived the drying process. 
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5.1 CONDENSED AND EVAPORATED MILKS 

5.1.1 Concentrated Milk 

This name is commonly used for a condensed milk prepared for human 
consumption, after appropriate dilution, as fluid milk, but without 
further processing. It is ordinarily prepared from Grade A milk, usually 
with a 3 : 1 concentration. The processing is done under conditions that 
satisfy Grade A standards, including a final pasteurization. One of the 
advantages is the reduced space required in the refrigerator, but this 
can be offset by the need to dilute before use; in addition, the keeping 
quality needs to be superior if advantage is taken of less frequent pur- 
chase. While considerable scientific and commercial interest was shown 
in this product in the 1950s, it has not become an important retail 
product. 

The raw milk supply for the concentrate is given a heat treat- 
ment approximating pasteurization, and it is then concentrated at 
low temperature to minimize changes in flavor or physical characteris- 
tics. The concentrate is then standardized, homogenized, and pasteur- 
ized before packaging. Pasteurization is usually at a somewhat elevated 
temperature, such as 79.4"C for 25s, because this compensates for 
the slight protective effect of the greater solids concentration. The 
product has essentially the same keeping quality as pasteurized milk. 
The increased solids level is not great enough to inhibit micro- 
bial growth, so that storage at 10°C will permit growth of both 
thermoduric bacteria and any postpasteurization contaminants; the 
defects encountered are essentially the same as those in pasteurized 
milk. 

5.1.2 Bulk Concentrated Milk 

This product is usually made from manufacturing-grade raw milk, and 
it is used as a source of milk solids for candy, bakery products, ice 
cream, concentrated yogurt, and a number of other manufactured 
foods. Some concentrated milk may be made from Grade A raw milk 
for use in the standardization of market milk; this product must be 
processed and handled according to the provisions of the recom- 
mended sanitation ordinance. Condensing is usually in the range of 
2.5: 1 to 4: 1, depending upon the use for which it is being prepared. 
The product is not sterilized during or after processing, so it contains a 
number of viable microorganisms, and the concentration of milk solids 
is not great enough to inhibit microbial development. Keeping quality 
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is limited, particularly when great care is not used to control postheat- 
ing contamination. 

The methylene blue reduction test, with a reduction time of not less 
than 2.5 h, has been used for evaluation of the raw milk prior to con- 
centration; but with better cooling on the farm, the shortcomings of this 
procedure for the detection of psychrotrophic bacteria limit is useful- 
ness (Luck and Andrew, 1975); other tests for microbial quality have 
now replaced dye reduction tests in most countries. If the milk is to be 
held for any period prior to processing, it should be cooled to 4.6”C or 
below to avoid a potential buildup of the microbial population and the 
attendant chance that acidity or other microbially produced defects 
could become a problem. 

If a skim-milk condensed product is to be made, the milk is pre- 
heated and separated before further processing. In making con- 
centrated whole milk, the product is customarily homogenized. 
Standardization for the desired fat: solids ratio may precede condens- 
ing, or may be done at the same time as the product is standardized for 
total solids content following condensing. Prior to condensing, the milk 
is heated in a continuous preheater, or in a “hot well,” and heating 
is commonly to 65.6-76.7”C. This preheating temperature may be 
increased to 82.2-93.3”C for as much as 15 min to increase viscosity and 
to impart other desirable characteristics to the product for use in 
special applications. 

The preheating is usually not controlled to the same degree as pas- 
teurization would be, but the microbiological results are much the same 
when temperatures in the upper part of the range are employed. 
However, the products should not be labeled as “pasteurised” because 
of the lack of proper safeguards. In the lower range of preheating tem- 
peratures, the product is usually not held at the forewarning tempera- 
ture for any significant period of time, particularly if the process is 
continuous, and thus the microbiological destruction would be less than 
with pasteurization.The heater, as well as the “hot wells” or surge tanks, 
can serve as incubators for thermophilic bacteria under these latter 
conditions, and when such equipment is operated for long periods 
without intermediate clean-up, or when the milk supply contains exces- 
sive numbers of thermophilic bacteria, the numbers may build up to a 
point where acid and unclean flavors result. 

The preheated milk is then concentrated in a vacuum pan or in a 
multiple-effect evaporator. The exact temperatures and times at which 
it is processed depend greatly on the type of equipment employed and 
the desired characteristics of the final product. A temperature range of 
54.4-57.2”C is not uncommon, and this is very suitable for the growth 
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of thermophilic bacteria. Operation over an extended period provides 
an opportunity for development of a considerable thermophilic popu- 
lation, so that proper sanitation and control in the preceding phases of 
the operation become essential. 

The heat treatments prior to, and during, condensing are apprecia- 
bly less than adequate to provide a sterile product. The cooling, 
standardization, and packaging operations provide opportunities for 
con tamination, particularly from improperly cleaned and micro- 
bicidally treated equipment and containers. In addition, the material(s) 
used for standardization must be of good microbiological quality, 
because it must be emphasized that heat treatments, effective as they 
can be on microorganisms present at the time of treatment, leave no 
residual microbiocidal effect to act upon subsequent contaminants or 
to limit the growth of survivors of the heat treatment; again, the solute 
concentration in a condensed product is not sufficient to inhibit the 
growth of microorganisms. Because the product does contain micro- 
organisms that have survived processing, and usually contains micro- 
organisms that have contaminated the product subsequent to heat 
treatment, the time over which the product can be held without serious 
microbial spoilage is frequently very limited, especially at ambient 
temperatures. 

5.1.3 Evaporated Milk 

This product has much in common with bulk condensed milk through 
the condensing stage. However, it is given long-term keeping quality at 
room temperature by commercial sterilization, either before or after 
placing in a hermetically sealed container to protect against subsequent 
contamination. Most of the product is made from whole milk. The 
Federal Standards in the United States require at least 7.9% milk fat 
and 25.9% total solids in the final product, and the addition of limited 
amounts of salts €or stabilization is permitted. Some products of this 
type are made from skim milk, and limited amounts of “filled milk” are 
made with other fats replacing the milk fat.The Evaporated Milk Asso- 
ciation, a trade group of manufacturers of the product, has established 
sanitary and other standards. These standards involve microbiological 
tests for the incoming milk, as well as procedures for the inspection of 
producing farms and their operations; some aspects of the processing 
plant and its operation also are specified. 

The milk is frequently clarified centrifugally and, while this process 
removes somatic cells (leucocytes) and some bacteria, the change in 
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total bacterial count is not significant. The materials used to stand- 
ardize the fat: solids ratio, whether cream or skim milk, should be of 
the same or better quality than the raw milk, and this means that proper 
provisions must be made for the production and handling of these 
products. 

Stability of the milk to the sterilizing temperatures used later is 
essential, and the milk proteins are ordinarily stabilized against subse- 
quent coagulation by heating to above 93.4"C with holding for some 
minutes. This may be done in a "hot well" with holding for as long as 
20-25 min; but in larger continuous operations, an enclosed system may 
permit the use of temperatures as high as 121°C for a few minutes. 
Any of these temperatures destroys all of the nonsporulating bacteria 
present and many of the less resistant sporulating types; any bacteria 
that might cause infectious disease would also be killed. However, the 
enterotoxin produced by enterotoxigenic staphylococci would not be 
inactivated, making it essential that proper precautions are taken to 
prevent extensive growth of these organisms in the incoming milk 
(Anonymous, 2000).The temperatures employed are too high to permit 
the growth of thermophilic bacteria, so these organisms are not a 
problem. 

In the actual condensing operation, whether it be batch or continu- 
ous, temperatures seldom exceed 54.5"C, and they may be significantly 
lower under some circumstances; these temperatures will not kill those 
bacteria that may have survived preheating. Thermophilic bacteria may 
grow under these conditions, and they may become a factor in limiting 
the length of time the equipment can be operated before a shutdown 
for cleaning becomes necessary. Operation for extended periods may 
also result in such extensive buildup of solids on the heating surfaces 
that satisfactory cleaning will be made quite difficult. 

Following condensing, the product is homogenized, and the usual 
precautions concerning homogenizer care must be observed to avoid 
excessive contamination from this source. The product is then cooled 
and placed in storage, where the final standardization of composition 
takes place. Holding under good refrigeration until packaging and ster- 
ilization take place is essential, because the product is not sterile and 
can thus spoil if conditions permit appreciable microbial growth. 

The cans for evaporated are usually fabricated in an adjacent plant, 
and the heat used in fabrication is enough to ensure that the can will 
contribute few, if any, bacteria to the canned product. Because the milk 
is cold when placed in the can, sufficient head space must be allowed 
€or the expansion that occurs during the sterilization process: otherwise 
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the internal pressure may open one or more of the seams, and the 
resulting “leak” will permit the entry of bacteria when the residual heat 
is no longer adequate for their destruction. The closure must be her- 
metic: that is, it must not permit the passage of air or fluid in either 
direction. Automatic weighing may be used to check the amount of fill 
and detect spillage before, during, or after closure, or through leaks 
during processing and cooling; any cans that are beyond the “normal” 
range should be discarded. 

To have adequate keeping quality at room temperature, evapo- 
rated milk must be “commercially sterile.” This means that it must not 
contain organisms that will grow, and probably produce defects, under 
the normal storage conditions. If a residual organism is prevented from 
growing by the lack of oxygen in the environment (a highly aerobic 
organism) or if it is an obligately thermophilic organism that will grow 
only at elevated temperatures, such as 45”C, the product may be still 
be “commercially sterile.” The presence of thermophilic bacteria that 
survive the usual heat treatment can become a problem when the 
product is held at unusually warm temperatures, such as in a poorly 
ventilated warehouse in a tropical climate. Product going to such an 
environment may need to be processed at a slightly elevated tempera- 
ture to provide the necessary keeping quality. 

Treating evaporated milk with a time-temperature combination that 
would provide “absolute sterility” would not be a problem, but such 
absolute sterility would be associated with an unacceptable level of 
“cooked” flavor, a dark color, and probably some modified physical 
characteristics. Therefore, the heat exposure customarily chosen is the 
lowest that will provide “commercial sterility” under that particular 
set of conditions, thus keeping the modifications of flavor and phys- 
ical characteristics to a minimum. However, as Galesloot (3  962) has 
pointed out, an increase in temperature from 120°C to 150°C will 
increase the relative spore destruction rate about 1000-fold, whereas 
the relative rate of browning will be increased by only about 15.7-fold; 
with the markedly reduced time of exposure required at the higher 
temperatures to give an equivalent bacteriocidal effect, the retention 
of flavor and color can be impressive. 

5.1.3.1 Available Heat Treatments. The historical procedure for 
sterilization was to hold the canned milk for 15-20min at 115°C or 
slightly higher, with both the heating and cooling periods contributing 
some microbiocidal action, as well as affecting the flavor and physical 
properties. Both batch and continuous sterilizers have been used, 
the former usually only in smaller operations. More recently, the 
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tendency has been to increase the temperature and reduce the 
time of holding to gain some of the advantages of an ultra- 
high-temperature (UHT) treatment, while still avoiding the problems 
of aseptic packaging. 

However, as the technology of the process has improved, interest 
in the UHT heat treatment has increased, particularly when used in 
combination with aseptic packaging. The heating can be with tubular 
or plate heat exchangers using steam as the indirect heating medium, 
or by the direct injection of steam into the product, followed by a 
vacuum treatment to remove the water added by the steam.Two of the 
methods employed to permit very quick heating are (a) the use of 
falling films of product and (b) its dispersal as droplets. The tempera- 
tures that are effective can only be achieved with both steam and 
product under pressure, so that the closed system must be engineered 
to withstand the necessary pressures; treatments from 130°C for 30s to 
150°C for less than 1s have been employed. The time-temperature 
combination selected must be such that it will effectively kill a 
“normal” load of mesophilic spore-forming bacteria, and Bacillus sub- 
tilis is probably the most resistant of this group. Highly heat-resistant, 
obligately thermophilic strains of the species Bacillus stearother- 
mophilus might survive such a treatment, probably in small numbers- 
as might “flat-sour” bacilli (Kalogridou-Vassiliadou, 1990)-but would 
not be expected to grow or be responsible for defects under the normal 
holding conditions for canned evaporated milk. 

It may be relevant, however, that B. stearothermophilus is capable of 
forming biofilms in dairy plants, and hence numbers could be higher 
than expected unless the cleaning regime is adequate (Flint et al.,2001). 

When the product is to be held at higher temperatures and, similarly, 
when the load of any type of spore is excessive, a treatment more strin- 
gent than usual might need to be employed. Spores that develop at the 
optimum growth temperature for the organism have been reported to 
be the most resistant (Theophilus and Hammer, 1938), but the fore- 
warming temperatures apparently constitute a sublethal heat shock 
that makes the spores more sensitive to the final heat treatment 
(Curran and Evans, 1945). For a more detailed discussion of factors that 
influence spore resistance, one should consult the classic treatise by 
Stumbo (1972) or the text by Burton (1988). 

Aseptic packaging of UHT products poses numerous microbiologi- 
cal problems. The container and closure used must be sterile, as must 
the equipment through which the product passes, and contamination 
by microorganisms from the air must be avoided. The container must 
be hermetically scaled, so that air, water, and other sources of contam- 
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inants cannot gain access to the product. Avoidance of rough handling 
subsequent to filling is essential, because damage to the package or 
even temporary weakening of the closure may permit contamination. 
When metal cans are used, they may be flame-heated or autoclaved 
with superheated steam to be made sterile. Glass containers must nor- 
mally be cleaned very thoroughly and then autoclaved. When compos- 
ite paper-plastic-foil containers are used, the blanks are customarily 
treated, just before forming and filling under aseptic conditions, by a 
combination of hydrogen peroxide and dry heat; the air used for the 
latter purpose is heated to about 200°C to effectively remove any 
residual peroxide. 

All equipment and enclosures must be treated to destroy con- 
taminating microorganisms prior to use. Superheated steam is the 
usual treating agent, although hot air could be used for some 
parts under appropriate circumstances. One of the problems is that in 
the case of jamming or other malfunction that requires entry to the 
system, the sterilization procedure must be repeated. An atmosphere 
of superheated steam or hot gas must be maintained around the filler, 
closing machine, and interconnecting conveyor system to preserve 
sterility. 

5.1.3.2 lMicrobio/ogica/ Examination. Examination of evaporated 
milk by customary procedures immediately after packaging will usually 
reveal no viable organisms, and microorganisms seldom develop even 
after prolonged holding at room temperature. In past years, much 
canned evaporated milk was held for 2-3 weeks in a warm room to 
detect spoilage before shipping; but, with improved technology and lab- 
oratory control, holding of the entire lot is seldom done. Representa- 
tive cans will be held out for incubation and examination. Where the 
product is to be shipped to warmer areas, incubation of the cans at 37°C 
or 55°C is frequently used to detect facultative or obligate, respectively, 
thermophilic bacteria that may have survived the heat treatment. If 
a laboratory test is needed, small amounts ( lml)  of the milk can be 
removed, with great attention to completely aseptic conditions, and 
tranferred to tubes of sterile bromocresol purple milk (aerobic spore- 
formers) and reinforced clostridial medium (anaerobic spore-formers); 
the latter tubes are stratified with wax after inoculation (BSI, 1968). 
Attempts to obtain quantitative results are seldom made, because the 
presence of a viable organism is the criterion employed. The presence 
of non-spore-forming organisms indicates poststerilization contamina- 
tion, frequently as the result of a leaky container, but the presence of 
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spore-formers is usually associated with inadequate heat treatment of 
the product. 

5.7.3.3 Defects. Many of the defects reported in the literature and 
summarized by Hammer and Babel (1957) are almost never found at 
the present time because of improvements in process technology and 
laboratory control by the industry. Microbial defects can be divided 
into (a) those that are due to organisms of high heat resistance that 
survive a slightly inadequate heat treatment and (b) those that gain 
entrance after heat treatment, and which are usually of low heat 
resistance. 

Most of the heat-resistant forms are species of the genus Bacillus, 
although an occasional species of the genus Clostridium has been 
encountered. Bacillus coagulans and B. stearothermophilus may cause 
an acid coagulation and a slight cheesy odor and flavor, and “flat-sour” 
bacilli can survive as well (Kalogridou-Vassiliadou, 1992). These organ- 
isms grow best at 37°C and above, and high storage temperatures 
andlor inadequate cooling are factors in this type of spoilage. B. 
subtilis causes a nonacid curd, which may then be digested to a brown- 
ish liquid with a bitter taste. The coagulum formed by Bacillus mega- 
terium is accompanied by some gas and a cheesy odor. Gas production 
associated with putrefaction and a smell of hydrogen sulfide have been 
reported as caused by a Clostridium sp., but this type of defect is very 
rare. Bulged cans are caused much more commonly by a chemical 
action on the metal of the can or by overfilling of the cans with cold 
milk, which then expands on heating. 

Contamination subsequent to heating may result in a greater variety 
of defects. Leaks in the hermetic seal of the container may be due to 
improper closure, subsequent corrosion, or mechanical damage during 
subsequent handling; even a momentary leak may permit microbial 
entry. Such problems should be rare; but if they do occur, then the con- 
sequences can be serious. 

The consumer must be made aware of the perishability of evapo- 
rated milk once the can is opened. The heat treatment used to kill the 
organisms and provide keeping quality in the unopened can has no 
residual effect that will control the growth of subsequent contaminants, 
and opening the can under kitchen conditions is almost certain to lead 
to some contamination. Nevertheless, the product will keep for several 
days under refrigeration, if reasonable care is used to minimize conta- 
mination, but holding without refrigeration is almost certain to permit 
spoilage in as little as 24h. 
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5.2 SWEETENED CONDENSED MILKS 

Sweetened condensed milk may be made either from whole milk or 
from skim milk. The product made from whole milk must have at least 
8% fat and 28% milk solids, whereas the standard for the type made 
from skim milk is 24% milk solids and less than 0.5% milk fat. Water 
is evaporated and sugar added to yield a product with a sufficiently high 
solute concentration to prevent the growth of most microorganisms. 
For the retail trade, sweetened condensed milk is packaged in hermet- 
ically sealed, metal containers, but for industrial purposes it is packaged 
in milk cans, barrels, steel drums, and bulk tanks. Bakers, confectioners. 
and the prepared food industry use considerable amounts of these 
products. 

The keeping quality of sweetened condensed milk is largely the 
result of (a) the increase in osmotic pressure (reduction in water activ- 
ity) and (b) the “binding” of water by the added sugar. The increased 
concentration of milk solids brought about by the removal of water by 
evaporation also contributes to the increase in osmotic pressure, but 
this is relatively minor compared to the effect of added sugar. The 
absence of significant amounts of air in the hermetically sealed package 
also contributes considerably to the keeping quality of the canned 
product. inhibiting the growth of a number of aerobic microorganisms, 
particularly molds, but a few yeasts and some micrococci can tolerate 
the high osmotic pressure. 

The concentration of sugar-in-water of sweetened condensed milk is 
known as the “sugar number” or “sugar index” (CariC, 1992), and the 
index is usually 63.5-64.5 for the canned product and about 42 for the 
bulk, whole milk product. The lower index for the latter product is per- 
missible because the storage time is fairly short, and refrigeration is 
used. The use of sugar to extend the shelf life should not be considered 
a substitute for good-quality raw milk, proper sanitation, or adequate 
processing and holding practices. The heat treatments employed in pro- 
cessing are insufficient to “sterilize” the product, so residual organisms 
are always present to cause problems if the product is not handled 
satisfactorily. 

The raw milk used in production usually is of “manufacturing grade,” 
and the manufacture of sweetened condensed milk can be divided into 
forewarming, superheating, sugar addition, condensing, cooling, forced 
crystallization, and packaging. The only truly microbiocidal heat used 
is during the forewarming and superheating (if used) phases, so these 
must be depended upon to destroy all pathogenic microorganisms and 
also most of the potential spoilage microorganisms. The most common 
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temperatures and times are 82-100°C for 10-30 min, with occasional 
use of higher temperatures and shorter times in an enclosed chamber. 
All but the most heat-resistant types of organism will be destroyed, 
including potential spoilage agents, and hence the presence of the latter 
in the end product is almost invariably due to contamination subse- 
quent to forewarming. The natural enzymes of milk are also inacti- 
vated, but the proteolytic and lipolytic enzymes resulting from 
excessive microbial growth may not be affected and may cause prob- 
lems in the final product. 

The sugar normally added is sucrose, but other sugars may be used, 
at least in part, for special purposes. The sugar is normally an unim- 
portant source of microorganisms, but under unfavorable conditions, it 
may be contaminated with mold spores, osmophilic yeasts, or bacteria 
that will produce acid and gas. Sugar storage should be in a dry place, 
free from dust, insect, and rodent contamination. The sugar may be 
added to the forewarmed milk prior to entry to the vacuum pan, or as 
an approximately 65% solution late in the condensing operation. Addi- 
tion prior to forewarming does reduce the microbiocidal effectiveness 
of the heating, but addition to the forewarmed milk may contribute 
to age thickening, so this latter procedure is used primarily for bulk 
product to be used quickly. 

The condensing operation is carried out in a vacuum pan at approx- 
imately 57.2”C, but the temperature may be permitted to drop at 
48-9°C late in the cycle. The vacuum pan and its associated equipment 
must be cleaned very well, and the microbiocidal treatment must be 
carried out very thoroughly to avoid having the pan become a source 
of contamination. The sticky nature of the product increases the 
difficulty of cleaning, and “cooked on” material may become a real 
problem. An acid detergent treatment following the usual alkali 
detergent wash has been suggested to help control the formation of 
milkstone. 

The forced crystallization step consists of seeding the partially 
cooled milk with very fine lactose crystals, usually when the tempera- 
ture is approximately 30°C, to induce the formation of numerous small 
lactose crystals, rather than fewer large ones during subsequent cooling 
(Carit, 1992). The added crystals are usually not heavily contaminated, 
but conversion of the lactose to the a-anhydride form by heating under 
vacuum to 93.3”C, followed by fine grinding and autoclaving in sealed 
cans at 130°C for 1-2 h, has been suggested for sterilization. 

The cans for the retail trade (usually 1202 for the skimmed, and 
1402 for the whole milk product), as well as the lids, should be micro- 
biocidally treated by gas flames, superheated steam, or ultraviolet radi- 
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ation. The fillers are usually of the plunger type, equipped with a cutoff 
to prevent dripping, and these fillers are quite complex and difficult to 
clean adequately. They can, therefore, be sources of heavy contamina- 
tion and the cause of serious outbreaks of spoilage in the packaged 
product. Fillers should be disassembled after each day's run, thoroughly 
washed, steamed, and stored dry; otherwise, this equipment can be a 
major source of micrococci, yeasts, and molds in sweetened condensed 
milk. The cans must be filled as full as possible without causing later 
bulging, because a minimum of air space plus a hermetic seal will help 
restrict the growth of the aerobic organisms that may cause defects. 
Imperfect seals, or can damage subsequent to closure, may permit the 
entry not only of microorganisms, but also of the air that is necessary 
for the growth of a number of spoilage organisms. 

Bulk product may be stored and shipped in containers varying in size 
from 45-liter cans to railroad tank cars. The industrial product is usually 
used within a few days; but if it is not used quickly, it should have some- 
thing approaching the high sugar content of the retail canned product. 
Surface growth of aerobic organisms may be restricted by having the 
containers full; and ultraviolet lights over the storage tanks, along with 
protection from atmospheric contamination, may be used to combat 
surface mold. Provision must also be made to avoid any surface dilu- 
tion, such as by condensate from above the liquid line. 

5.2.1 Microbiological Examination 

Viable microorganisms are commonly found in the final product, and 
some reports place the numbers from a few hundred to 1.0 x lo'cfug-'. 
The heat treatments used are not adequate to kill spore-forming bac- 
teria, and further processing and handling usually contribute a variety 
of microorganisms: the sugar levels employed permit some types to 
grow if other conditions are favorable. Enough oxygen may be present 
in the head space of an incompletely filled, or poorly sealed, container 
to permit the growth of organisms able to tolerate the reduced water 
activity of the product. 

Sampling for laboratory analysis requires considerable care. Cans 
must be thoroughly cleaned, the area of opening must be treated ade- 
quately with heat and/or microbiocidal chemicals, the opening instru- 
ment must be sterilized, and great care must be used in the withdrawal 
of the product. In bulk product, representative sampling of the viscous 
material is a problem because adequate mixing is difficult; and, in some 
instances where aerobic microorganisms are involved, a sample from 
the product surface may be more revealing than a mixed sample. 
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Three types of count are made routinely on sweetened condensed 
milk-namely the total colony count, a coliform count, and a yeast and 
mold count-and the procedures are outlined in the Standard Methods 
for the Examination of Dairy Products (APHA, 1992). High total 
colony counts and the presence of coliform bacteria or yeasts and 
molds in recently processed product are considered indices of contam- 
ination following preheating. As might be expected, postheating con- 
tamination remains a constant threat, and the work of Farrag et al. 
(1990) on the survival of Listeria monocytogenes in sweetened con- 
densed milk should serve as a useful reminder. Some organisms, such 
as the coliforms, may die off with holding at room temperature (the 
counts of L. monocytogenes declined at room temperature but not at 
7 T ) ,  but micrococci, yeasts, and molds may proliferate. 

5.2.2 Defects 

With current improved technology, defects in sweetened condensed 
milk are relatively uncommon, but defects of microbiological origin are 
still of some concern. Gas formation may be caused by yeasts of the 
genus Torulopsis, although coliform bacteria have been implicated 
occasionally when the sugar ratio has been in the 40-45 range. Because 
neither yeasts nor coliforms are resistant to forewarming temperatures, 
contamination during subsequent processing is indicated; the defect is 
more common during warmer months. The cans may be bulged and 
blown by carbon dioxide, or a mixture of carbon dioxide and hydro- 
gen, depending upon the organism involved. The defect usually 
develops slowly because of the slow growth rate of the responsible organ- 
isms in the high sugar concentrations encountered (Bhale et al., 1989). 

Thickening is usually accompanied by some acidity and cheesy 
odors, and this defect is encountered primarily in the bulk product of 
lower sugar content. Many species of bacteria have been mentioned as 
responsible, with the micrococci and spore-formers being encountered 
most frequently. Lower storage temperatures and improved plant 
sanitation have been found helpful in combating this defect. 

Small masses of mold mycelium and coagulated casein (buttons), 
usually colored white to brown, may be found on the surface or in the 
subsurface layers, especially of the canned product, because this is held 
for longer times; a disagreeable taste is associated with the defect. 
Species of Aspergillus and Penicillium have been implicated. The molds 
will grow until all the available oxygen in the head space is exhausted, 
although the buttons may continue to increase in size because of con- 
tinued enzymic activity. Poor plant sanitation is a major factor, because 
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these molds are not heat resistant and do not survive forewarming. 
Underfill of the cans increases available oxygen and thus favors this 
defect, but storage below 16°C may be helpful in reducing the incidence 
of faulty cans. 

5.3 RETENTATES 

Retentates are the materials produced when selective membranes in 
combination with pressure are used to concentrate desirable compo- 
nents. Reverse osmosis is the term applied to the process separating 
low-molecular-weight components from their solvents, usually water; 
and the membranes employed permit passage into the discarded 
portion of only low-molecular-weight materials, such as water and some 
salts. Ultrafiltration is essentially a sieving process in which molecules 
such as proteins are retained, while the membrane is permeable not 
only to water but also to solutes such as sugars. By selection of appro- 
priate structural materials and use of various preparation techniques, 
a range of membranes having considerable variation of characteristics 
has been prepared. Cellulose acetate and its derivatives have been 
used for preparation of membranes for both procedures. Polysulfone 
and several related polymers have been used for membranes for 
ul trafiltration. 

Glover et al. (1978) and Grandison and Glover (1994) prepared 
extensive reviews on  the uses of reverse osmosis and ultrafiltration in 
the production of dairy products. These processes have been used to 
concentrate whole milk, skim milk, and whey, and they are alleged to 
be cheaper than evaporation in the 2x to 4x range of concentration. 
The retentates have been used as concentrated sources of solids for 
such products as ice cream and yogurt, and some manufacturers have 
attained a “better texture and flavor” in their products than when milk 
powder or bulk condensed milk was used (Lankes et al., 1998). Ultra- 
filtration has been used for making soft cheeses, such as Camembert, 
by concentrating the skim milk by as much as a factor of 6x, with resul- 
tant savings in rennet required and an increase of significant magnitude 
in the yield of cheese. Concentration of whey proteins, without sub- 
jecting them to the partial denaturation associated with concentration 
in the vacuum pan, has been achieved and ultrafiltration has been sug- 
gested as a way to produce low-lactose or lactose-free milks for lactose- 
in tolerant people. 

Certain microbiological problems are associated with these 
processes, because all microorganisms will be rejected by the mem- 
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branes and will, therefore, increase in numbers in line with the con- 
centration factor being employed. The retention time, as well as the 
temperature during the processing, must be controlled to limit micro- 
bial growth, and the feed may need to be thermized or pasteurized prior 
to filtration (Lewis, 1996). The higher the temperature, within the 
normal range used to minimize denaturation, the shorter the time that 
can be tolerated without excessive microbial growth in the product; in 
a few instances, temperatures high enough to inhibit microbial growth 
have been used. Once concentration has been achieved, the product 
should be used or processed further with minimum delay because 
the concentrates are not sterile and further heating, which could be 
employed to reduce the microbial populations, would negate some of 
the process advantages. Freezing might be advantageous under some 
circumstances to permit holding. 

The membranes, which are the heart of the processes, require special 
cleaning and microbiocidal treatment. The cellulose acetate mem- 
branes must be kept moist; and because they will not tolerate high tem- 
peratures, such as above 50°C, these membranes cannot tolerate the 
methods customarily used for cleaning of dairy equipment. One solu- 
tion is to remove them from the system and treat them separately, but 
backwashing is helpful if the mounting of the somewhat delicate mem- 
brane will support the necessary backpressure. Some workers have sug- 
gested that the detergents used should contain proteolytic enzymes that 
will assist in the removal of substances fouling the membrane surface. 
Lodophors are among the most effective microbiocidal agents in use, 
and a level of lOppm has been recommended. Some of the polysulfone 
flat sheet membranes withstand a wide pH range and temperatures up 
to 10O0C, and traditional dairy cleaning methods may be used on these. 
A microbiocidal treatment with 0.1 YO hydrogen peroxide has been sug- 
gested as an alternative. 

Greater use of reverse osmosis and ultrafiltration by the food 
industry in the future appears highly probable; and with further 
experience will come a better understanding of the microbiological 
considerations involved, permitting more specific recommendations to 
be made. 

5.4 PRODUCTION OF DRIED MILK POWDERS 

The production of dried milk powders has been influenced since the 
1980s by a demand for products with a range of performance charac- 
teristics. Although skim-milk powder and whole milk powder were 
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once the basic commodities produced by the milk drying industry, they 
have been rapidly overtaken by powders with tailor-made qualities. 
Instant products are commonplace; but lipase-free, calcium-reduced, or 
high-heat powders are now widely available. 

The development of these specific products, coupled to an energy- 
conscious industry, has resulted in new and innovative processing 
plants. These new developments have not lessened the need for 
vigilance in microbiological terms, but have enhanced the requirement 
for speedier and even more reliable test procedures. 

5.5 MANUFACTURING PROCESSES 

Two basic processes are commonly employed for the drying of milk and 
milk products: roller drying and spray drying. Roller drying has given 
way, over the last two decades, to spray drying.The roller drying process 
is plant- and energy-intensive and can result in considerable heat 
damage to the product. This product damage results in poor solubility 
characteristics in comparison with the spray-dried product. However, 
roller drying does impart some desirable flavor characteristics as a 
result of the high beat levels employed in the process. The same or 
similar characteristics can be obtained in spray-dried milk powder by 
subjecting the concentrate to higher temperatures before drying. It is 
unlikely that roller drying will find favor in the future, and its continu- 
ing demise can be anticipated. 

5.5.1 Spray Drying 

Raw milk is received, bulked, and standardized for fat content or, alter- 
natively, is separated into skim milk and cream as in the case of the 
manufacture of skim-milk powder. The milk is then passed to the 
evaporation plant for concentration. Modern evaporation plants are 
complex and highly energy-efficient, and the dairy industry has gener- 
ally accepted the falling film design as its standard. The falling film 
evaporator is simple in comparison with other evaporators, retains a 
small amount of liquid product during operation, and has a low prod- 
uct residence time. The evaporator operates under a vacuum; this 
allows the use of low boiling temperatures, which, in conjunction with 
short residence times. results in minimal damage to heat-sensitive 
components. 

Evaporation plants can be fitted with heating units to heat products 
to 140-150°C as in lJHT plants. This results in a final product of excel- 
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lent microbiological quality, which may be an essential requirement 
where the use is as an ingredient in compounded baby foods. 

Following evaporation, the concentrated product is passed to the 
dryer. Current trends are to link the evaporation plant and the dryer 
as a single integrated unit. Two basic systems of spray drying are used: 
jet or nozzle dryers and rotary atomizer dryers. Historically, jet or 
nozzle dryers have featured predominantly in plants in the United 
States, with rotary atomizers finding greater favor in Europe. Within 
the last 10 years, there has been a diffusion of these two systems 
throughout the world. Each system produces powders of different basic 
characteristics, and the small nuances of performance can be important 
in specific applications. Bulk density tends to be higher in powders pro- 
duced by the jet system of atomisation, for example (Knipschildt and 
Andersen, 1994). 

Milk to be dried by the jet atomizing system is fed to a high- 
pressure pump, similar in design to the ubiquitous homogenizer. It is 
pumped under pressure to a series of specially designed jets within the 
drying chamber. The jet, which incorporates a swirl chamber, sprays the 
concentrate in a thin cone. The hot air stream impacts with the liquid 
cone, causing it to break up into fine droplets that form the powder. 
The heavier powder falls to the base of the drying chamber, normally 
rectangular in shape, where it is removed by a series of mechanical 
scrapers. The lighter powder (fines) is carried out in the moisture-laden 
exhaust air stream. The fines are removed either by a cyclone or series 
of cyclones, or by means of cloth filters. 

In the case of spray drying using a rotary atomizer, the concentrated 
milk is fed by a pump to the atomizer. The rotary atomizer consists of 
a high-speed, electric motor driving a shaft on which is fixed a circular 
atomizer disc. The design of atomizer discs varies between manufac- 
turers, but, essentially, around the periphery of the disc are a number 
of rectangular slots or circular holes. The concentrated milk is directed 
to the exit points by curved vanes.The product exiting the disc is broken 
up into droplets into a hot air stream inside a large drying chamber, 
usually conical in shape. The droplets dry rapidly and form a powder 
that exits from the chamber with the now moisture-laden air. The 
powder is separated initially in a primary cyclone from the main air 
stream, while finer powder (fines) is separated in a secondary cyclone 
system; the combustible nature of these materials means that the 
process plant must be well-designed (Skov, 1994). 

Over the last decade, the trend in spray-drying systems has been 
toward the incorporation of fluid beds. Three such systems have been 
described by Masters (1987): a two-stage dryer with external fluid bed: 
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a concurrent, integrated fluid-bed spray dryer; and a mixed-flow, inte- 
grated fluid-bed spray dryer. In the case of the two-stage dryer, the fines 
from the fluid bed are recycled back into the main chamber where they 
come into contact with the bulk of the powder, thereby forming simple 
agglomerates. This results in a dust-free powder with improved wetta- 
bility characteristics. 

The developments in evaporation and spray-drying plants have 
resulted in an increasing range of dried products; and the co-current, 
integrated fluid-bed dryer and the mixed-flow, integrated fluid-bed 
dryer have provided the means whereby hygroscopic and tenacious 
products can be handled more easily. 

The packaging of dried milks has changed very little, with bulk pack- 
aging largely confined to multiwall paper sacks with loose inner liners 
of plastic. Retail units have centered mainly on board containers with 
and without bag inserts. Dried milk as a commodity product is not in 
the forefront of demand for innovative packaging, but is reliant on a 
functional, low-cost container. 

5.5.2 Alternative Drying Procedures 

A number of specialized drying procedures are still in use for a small 
number of products, such as malted milks and chocolate-based 
beverages. 

These involve modified concentration plants and drying proce- 
dures utilizing vacuum oveiis. The process imparts a particular flavor 
and textural profile to products that have become established in the 
marketplace. There is little doubt that such products could be made in 
the newer, spray-drying systems that will process hygroscopic and 
“sticky” materials, but the particular texture of a product produced 
from a vacuum oven, for example, is difficult to reproduce in a spray 
dryer plus fluid-bed combination. In the traditional product, the hon- 
eycomb structure o f  the final particle is a continuum of the product, 
whereas in the case of the agglomerated product, it is a fusion of par- 
ticle surfaces. 

Microbiologically, these products have not attracted attention, and 
this may be due to their long, food-poisoning-free history. Such infor- 
mation as is available suggests that the heat treatment throughout the 
process, which imparts the unique flavor, is a contributory factor to 
their excellent record. 

Another alternative procedure, the Filtermat drying system, employs 
a three-stage drying process that encompasses agglomeration all in a 
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single unit. The end product is porous, as with agglomerated products 
generally, and has good dispersability and wettability. 

5.6 MICROBIOLOGICAL ASPECTS OF PROCESSING 

The microbiological aspects of processing are, from a routine stand- 
point, of direct concern to factory managers, quality controllers, and 
designers of plant. The new developments, combined with the increas- 
ing trend toward processing conditions aimed at minimizing nutrient 
damage, place greater emphasis on reliable microbiological control. 

The earliest large-scale examination of the microbiology of the spray 
drying of milk was the Staplemead experiment. The principles estab- 
lished in that trial, carried out in 1942, are still valid. The work by 
Mattick, Crossley, and colleagues was basically directed to extending 
the shelf life of whole milk powder, but it also identified the basic 
microbiological factors critical to the operation of evaporating and 
drying plants (Crossley and Johnson, 1942; Mattick et al., 1945). 

5.6.1 Raw Milk Quality 

As with all milk products, the quality of the raw milk is paramount. 
Unfortunately, the commonly used term “manufacturing milk” has all 
too frequently given the impression that quality is less important for 
making milk products than it is for bottling as market milk for direct 
consumption. Nothing could be further from the truth, because the 
nature of the evaporation process provides ideal conditions for the 
multiplication of microorganisms in those stages where the tempera- 
ture is low. 

The relationship between the manufacturing process and raw milk 
quality has been examined in Germany. Otte (1980) suggested that raw 
milk for use in infant feeding formulations should not contain in excess 
of 1.0 x lo‘ organisms ml-’ as an initial count and, furthermore, that raw 
milk with counts in excess of 1.0 x los organisms mi-’ could result in 
counts of over 1.0 x 10‘ organisms g-’ in the dried product. 

However, it is not simply a question of numbers but also of types, 
and the presence of large numbers of thermoduric organisms, such as 
Streptococcus thermophilirs or Alcaligenes tolerms, together with heat- 
resistant spore-formers, can have a deleterious effect on end-product 
quality. Quite clearly the thrust for improved nutrient retention must 
be accompanied by a maintenance of, and, if possible, improvement in, 
raw milk quality. 
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5.6.2 Process Microbiology 

5.6.2.1 Evaporation. In any consideration of the microbiological 
facets of processing, it is necessary to understand the process and the 
influencing factors. Dried milk manufacture has a number of require- 
ments. First. the process must be economic; second, it should have a 
minimal effect on nutrients; third, the product must be free from 
harmful or deleterious organisms; and finally it must have the proper- 
ties of ease of reconstitution and acceptable flavor. Clearly, there have 
to be some compromises made in achieving the utopian ideal. 

Commencing with the standardization of whole and formulated 
milks, blending of cream or other components is not likely to result in 
any diminution of microorganisms. Thus, the importance of the raw 
material cannot be overemphasized. 

The current design of evaporators means that the preheating stages 
are an integral part of the plant. In many cases, the preheating stages 
are in a duplex arrangement that allows them to be changed over 
during extended runs; this need arises from product fouling and permits 
long uninterrupted production runs. In addition, many evaporators 
have a feedback or recirculating circuit for the start-up phase; this facil- 
itates the buildup of the solids level before the milk goes forward into 
the drying phase. 

The preheating stage, quite apart from its effect in reducing the 
microbial content, also has the effect of providing a vapor phase when 
it enters the tubes in the falling film section. Preheating to high tem- 
peratures (i.e., in excess of 100'C) gives rise to fouling problems. These 
high temperatures can also create problems when the milk enters the 
main body of the evaporator, due to the amount of flash vapor pro- 
duced, which, in turn, can become difficult to remove at the appro- 
priate rate. However, the use of lower temperatures can also lead 
to problems from the growth of thermophilic spore-forming bacilli 
(Murphy et al., 1999). 

Entering the evaporation side, three, five, or even seven effects 
(stages) may be involved, but the commonest format seems to be three 
effects plus a finisher stage. First-effect temperatures are within the 
region of 70°C, but this drops down to a final-effect temperature of 
4346°C. The vapor produced from each effect is used to supply some 
of the heat for the previous stage. The make-up heat is supplied by 
either thermal vapor recompression (TYR) or mechanical vapor 
recompression (MYR) systems. Clearly, this use of waste heat has 
resulted in significant economics that can be realized in energy costs 
(Knipschildt and Andersen, 1994). 
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The tubes in the falling film sections range up to 12m in length, and 
they are located in compact bundles in each effect. The number of tubes 
is based on the amount of concentrate destined for each effect, the 
thickness of the film, and its viscosity and surface tension. With skim 
milk, the viscosity increases extremely rapidly in the range of 45-55% 
total solids and, if the total solids are pushed too high, gelation can 
occur; if this occurs in the tubes, then the problem becomes extremely 
serious. If the gelation goes unchecked and a plug is formed, then it 
becomes difficult, if not impossible, to remove and the only solution 
may be tube replacement. The significance for the microbiologist is that 
any form of blockage presents a potential hazard. In the case of tube 
blockage, the problem would be best attended to before detergents are 
applied, but blockages are not easy to detect. If allowed to go unat- 
tended, such blockages become serious microbiological hazards. Visual 
inspection of tubes still has a role to play, and plant microbiologists 
would be well-advised to incorporate this procedure as a routine. Early 
signs will be an increase in solids or a temporary reduction in feed to 
the atomizer. In-line density controllers are now commonplace for con- 
trolling evaporation plants, but they need to be calibrated at regular 
intervals. 

The evaporation stage may be called upon to deal with a wide range 
of conditions, such as concentrate for low-, medium- and high-heat 
skim-milk powders; and unless this flexibility was specified in the orig- 
inal design, problems of operation may arise. Clearly the desire for 
maximum economy of operation invariably means less tolerance in 
operational parameters and an increased risk of problems arising. The 
thrust toward multiple-effect plus finisher systems, encouraged by the 
economies in energy of incorporating thermal vapor or mechanical 
recompression, has resulted in highly complex plant configurations. 
These “plumbing nightmares,” while a tribute to processing engineer- 
ing design, nevertheless increase the microbiological hazards. It means 
that the design of valves and bends and the quality of welding must be 
faultless, and it is to their credit that process engineers and designers 
have acknowledged this fact. 

5.6.2.1. I Cleaning and Sanitization. The second area of importance 
is that of cleaning and sanitization. Undoubtedly, a “closed” plant 
permits the use of higher cleaning and sanitizing temperatures and 
permits a move toward stronger detergent/disinfectant solutions. 
However, a great deal of reliance has to be placed on the cleaning and 
sanitizing procedure, because those parts of the plant that may not be 
cleaned properly are also likely to prove inaccessible. 
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The cleaning and sanitizing of evaporators has to be carried out by 
CIP procedures, and this adds to the complexity of the pipework. Con- 
centrated residues, especially if not dealt with expeditiously, can prove 
to be tenacious and difficult to remove; the location of the CTP jets or 
spray balls is also of the utmost importance. Every part of a soiled 
surface must be contacted with cleaning liquids, but the increasing com- 
plexity of plants has meant that there are areas that are difficult to 
access; regular visual inspection, accompanied by swabbing, still has a 
role to play. Inspection of tubes for blockages is recommended, as well 
as valves and gaskets, and jets and sprays need to be examined to 
ensure the free flow of liquids. Problems may not arise with new or 
near-new plants, and it is easy to become complacent until a problem 
arises. 

In relation to the cleaning operation, it is not unknown for some 
plants to recover the initial rinsings from a plant for recycling. Clearly, 
this appears to make sense. Water is, after all, a valuable raw material, 
and only clean water has been used to remove the residues. It is, 
however, a false economy and exceedingly dangerous and is a good way 
of “seeding” successive batches in microbiological terms. Such residues 
can usually be disposed of as animal feed, but, in any event, they should 
not be recycled. 

5.6.2.2 Spray Drying. The spray-drying operation has become 
equally as complex as that for evaporation. The basic spray dryer has 
been superseded by the spray dryer plus fluid bed in a number of con- 
figurations. The evaporative capacity of spray dryers has increased 
together with the range of dried products. The introduction of instan- 
tizing in the 1950s gave a new impetus to drying technology, and the 
cumbersome earlier designs of re-wet plants have given way to straight- 
through units. The success of these plants has, in turn, enabled manu- 
facturers to produce specially formulated products, high-fat powders, 
whey-based powders, and baby foods, and developments in reverse 
osmosis and ultrafiltration will undoubtedly stimulate further changes. 

The increasing complexity of design means additional potential 
microbiological hazards. However, once the initial drying phase has 
taken place, the moisture level in the product is not likely to allow unre- 
stricted microbial growth. Two-stage drying gives rise to moisture levels 
of around 5-7% from the first stage and, even with the newer compact 
dryers with integrated fluid beds, the moisture content is only approx- 
imately 10%. Thus in terms of moisture, the danger of microbial pro- 
liferation is not high, but particles entrained in areas where the 
humidity may be high can still present a risk. 
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Turning to the operation of the spray dryer, concentrate is nowadays 
pumped direct, to the atomizer or nozzle with, perhaps, a small balance 
tank in between. However, some older plants still use twin balance 
tanks as a means of ensuring continuity of operation. This practice is 
frequently adopted where evaporators or finishers may be cleaned 
independently. Hawley and Benjamin (1955) and Keogh (1965, 1966) 
have indicated that this is a microbiological hazard. The temperature 
of the concentrate on exiting from evaporators can be in the region 
of 42-45"C, and it  will drop further when it is in the balance tanks. 
The trend to high total solids, thus increasing the economics of spray 
drying, is also likely to result in thickening, thus giving rise to a sludge 
or, at worst, gelation. Dual balance tanks may be used to overcome 
this problem, and they can be switched over during the drying run. 
Mesophilic bacteria, including pathogens, can and do grow in such envi- 
ronments, and it is important to ensure that the tanks are fitted with 
covers and that these are kept in place during operation. The newer 
drying systems, as stated previously, should not present any serious 
hazards. Spray drying per se has been well-researched, and designers 
as well as dairy plant management are well aware of the potential 
dangers (Keceli and Robinson, 1997). 

There are no inherent microbiological hazards within the drying 
chamber or, indeed, through the system to the powder outlet. Inlet air 
temperatures have settled into the range 19O-25O0C, and the filtration 
of air is now extremely efficient with the use of highly retentive filters. 
It is important that the air inlet is located at a distance from the exhaust 
air outlet. 

The main chambers of dryers are washed using high-pressure 
rotating jet systems. The frequency varies from plant to plant-some 
as frequently as once per week, others once every season. The atomiz- 
ing unit is cleaned more frequently, maybe two or three times in a 
production run, but this is usually a hand-washing operation due to 
the size of the unit. Dry cleaning of drying plants is carried out more 
frequently using vacuum cleaning units, which may be built-in or 
mobile units. An important feature of the drying process is to keep 
the main chamber as free as possible of powder. Hammers, vibratory 
units in the side walls of the dryer, have some effect, but the main 
control is exercised through feed rate. A sudden increase in feed will 
give rise to damp powder that will cling to the walls or ceiling of the 
chamber and provide a surface for further buildup. On the positive side, 
as drying temperatures increase, microbial counts in the finished 
powder decrease (Galesloot and Stadhouders, 1968; Chopin et al., 1977, 
1978). 
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The microbiological risks from aerial contamination were raised by 
Hawley and Benjamin (1955) and confirmed by Crossley and Campling 
(1957). It is important that the manufacturing area should be kept free 
of dust and particulate matter; the use of ring-main vacuum systems is 
one reliable method for the removal of such residues. 

5.7 MICROFLORA OF DRIED MILKS 

The microflora of dried milks has been examined by a number of 
workers, including Crossley and Johnson (1942), Higginbottom (1 944), 
and Keogh (1966,1971), and Otte (1980) and El-Bassiony and Aboul- 
Khier (1983) have confirmed these earlier findings. Attention to spe- 
cific groups, such as clostridia, has been given by the New Zealand 
Dairy Research Institute (1978) and Appuswamy and Ranganathan 
(1981), while facultative thermophiles are featured in the work of Arun 
et al. (1978) and Chopra and Mathur (1984). 

Thermophilic actinomycetes in dried milk products have been exam- 
ined by Falkowski (1978), who described the isolates as Thermonctino- 
mycetes vulgaris and Micromonospora sp. Molds and yeasts may also 
be present in dried milk products, and Aspergillus, Penicillium, and 
Mitcor spp. were isolated by Aboul-Khier et al. (1985). 

The range of microorganisms found in dried milks appears to 
contradict the advances made in processing technology. However, 
improvements in recovery media and methodology, together with the 
geograpical location of some of the isolations, are factors that should 
not be overlooked. 

5.7.1 Examination of Dried Milks 

The routine microbiological control of dried milk manufacture has 
evolved over many years. Sampling points are usually chosen at well- 
established stages--for example, raw milk, milk after preheating, 
concentrated milk prior to drying, and powder ex-final discharge. In 
the case of systems incorporating fluid beds, additional points may be 
incorporated-for example, powder ex-main chamber and powder 
ex-fluid bed. 

One of the problems facing the microbiologist is the difficulty of 
taking samples at stages in the process. It is a facility that is overlooked 
by plant designers, possibly because they are never asked to provide 
ease of access for the purpose of sampling. If sampling does prove 
impossible at intermediate points, then there is little choice but to 
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access the product at the first opportunity. The well-established 
“Hazard Associated (Analysis) Critical Control Point (HACCP)” pro- 
cedure is widely practiced (see Chapter 13 for full details) as an alter- 
native to intermediate sampling and, while it is argued that this can 
make microbiological criteria on the end product unnecessary, end- 
product specifications still have to be met (Luck and Gavron, 1989; also 
see Chapter 14). 

The tests normally carried out on in-line samples include a total 
colony count, a count for thermoduric organisms, a count for Staphy- 
lococcus aweus, a coliform count, and, of increasing importance, an 
examination for Salmonella. This latter development has come about 
as detection techniques have improved, as well as to meet the require- 
ments of bulk users increasingly sensitive of the public health risk. 

Sampling techniques for the final product have been specified by 
a number of authorities, but invariably depend on the total number 
of containers being known before determining how many should be 
examined. 

As a practical guide, samples should be taken hourly or on the basis 
of every SO sacks (25 kg), particularly in the case of a new plant start- 
ing-up. Once the microbial pattern for the plant emerges, say after 3 
months’ results, the sampling frequency can be changed. Sacks or other 
containers need to be numbered sequentially, so that if further sam- 
pling is necessary, it can be carried out in a logical manner. The process 
of withdrawing samples before sacks are stitched is easy and far less 
disruptive than having to open sacks and then have them restitched. 
The latter problem is further aggravated if the stock, as per usual, is 
located in a store far away from the laboratory and the sacks to be 
sampled are at the base of a stack. These practical difficulties can fre- 
quently prove troublesome in terms of time, additional labor, and the 
reclosing procedure. Thus, there is a good argument to be made for 
initially taking more samples than are required; in any event, there is 
no reason why these samples should not be taken to provide a series 
of bulk samples for microbiological analysis. 

5.7.1.2 Specific Aspects. The procedures for determining counts 
has always been dogged by the problems of reproducibility and the 
pressure to adopt newer procedures-always on the grounds of recov- 
ering even more organisms than previous techniques. This demand for 
improved accuracy has led to comparisons between laboratories and 
individual workers, but it tends to be overlooked that microbiologists 
are constantly faced with the vagaries of techniques seeking to assess 
equally variable microorganisms. Kilsby and Baird-Parker (1983) dis- 
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cussed the difficulties associated with the enumeration of microorgan- 
isms in relation to sampling programs and concluded that "the appli- 
cation of microbiological criteria will always be an inefficient and 
imprecise method of exercising microbiological control over batches." 

Nevertheless, numerical standards are still used, and a total colony 
count of S0,000cfug-' is still accepted as the bench mark for Extra 
Grade Dried Milk by the American Dairy Products Institute (ADPI, 
1990)-even though modern plants have exceptionally low results well 
inside this standard. 

A valuable contribution to the significance of counts in spray-dried 
milk powders was made by Kwee et al. (1986). The work focused on 
the total bacterial load, thermodurics, thermophiles, spore-formers, 
psychrotrophs, coliforms, yeasts, molds, and Salmonella. These were 
measured in low-, medium-, and high-heat powders and at various 
intermediate stages during production, including before and after pre- 
heating of the milk and after concentration. They established that pre- 
heating had the most significant effect and that with the exception of 
thermoduric, thermophilic, and spore-forming organisms, counts were 
reduced to negligible proportions in this stage of the process. This work 
is important in that it suggests that manufacturers can evaluate the 
destructive effect(s) of a process from the spectrum of microorganisms 
found in the product emerging from the stage in question. 

One of the major problems associated with microbiological analysis 
is that of the time needed to obtain a colony count; and, over recent 
years, there has been a concerted effort toward the development of 
rapid methods for the estimation of microbial numbers. McMurdo and 
Whyard (1984) examined the application of a number of new rapid 
methods including the direct epifluorescent filter technique (DEFT), 
ATP bioluminescence, and impediometry; impediometry measures 
changes in impedance or conductivity brought about by microbial 
activity in a defined medium (Pettifer, 1994). It was concluded that, 
of the techniques then available, the conductivity method was the 
best available system, but the same workers were quick to point out, 
however, that the technique is still subject to limitations. However, the 
evaluation of any new method is not without difficulties, and Wood and 
Gibbs (1982) drew attention to the difficulties of comparing different 
bases of measurement. It is quite understandable to want to compare 
measurements in terms of colony count equivalents, but how, they 
argue, can one relate the measurement of adenosine triphosphate in 
the bioluminescence assay technique to a colony count? 

However, while acceptance of indirect parameters may not prove to 
be an insurmountable hurdle, the colony count technique still has one 
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important advantage in the hands of a skilled microbiologist, namely 
that the appearance of colonies can provide an invaluable guide as to 
type or species. Experienced microbiologists in dairy plants can fre- 
quently pinpoint areas for further investigation as a result of examin- 
ing a relevant series of plates, thus saving much valuable time in 
isolating problems. It seems likely though that rapid methods will 
emerge as the means of providing a microbiological audit of the 
process, with the traditional colony count being used for specifica- 
tion requirements (Hall, 1994). Further discussion of this issue can be 
found in Chapter 14, and details of the techniques that are being cur- 
rently considered for dairy products can be found in Robinson 
et al. (2000). 

The low A ,  of milk powder has a bearing on the microbial levels that 
can result from storage. Crossley (1962) confirmed that the microbial 
population in a milk powder does decrease during storage, but that the 
rate varies with different powders. Mair-Waldburgh and Lubenau- 
Nestle (1 974) observed decreases in microbial counts in both spray and 
roller-dried powders after storage for 6 months. In the case of instant, 
dried skim-milk powder, Miercurio and Tadjall (1979) found that, after 
storage in well-sealed tins for 20 years, the count was comparable to 
that of a freshly made product. While this result implies a fair degree 
of microbiological stability, it also suggests that the microflora was 
probably made up of spore-formers. 

5.7.1.3 Specific Organisms. The first concern of all food micro- 
biologists is with food-borne disease organisms; and because milk is a 
naturally occurring food, it is the ideal medium for microbial growth. 
Given the right temperature, microorganisms will multiply in milk at a 
prolific rate, and the dairy industry has become well-attuned to this 
problem. 

Gilbert (1983) reviewed current trends and future prospects for 
food-borne infections, and he observed that these are likely to increase 
in the United Kingdom for the next few years.The occurrence of impor- 
tant food-organism relationships continues to be a cause for concern: 
For example, the increase in milk-borne Campylobacter infections 
(Robinson, 1981; Robinson and Jones, 1981; Blankenship and Hoffman, 
1986), as well as problems with the so-called emerging pathogens, such 
as Mycobacterium avium sub-sp. paratuberculosis (Grant et al., 2001), 
and Escherichia coli 0157 (Keceli and Robinson, 1997; McKillip et al., 
2000), are likely to increase as well. 

Nevertheless, salmonellosis still remains one of the dominant types 
of food-borne disease, and the occurrence of salmonellae in dried milk 
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is well-documented. Schroeder (1967) examined 3315 samples from 200 
factories in 19 American states, and he claimed that 1% were contam- 
inated with salmonellae. Collins (1968) has drawn attention to the pres- 
ence of Salmonella newhrunswick in instant milk, and he suggested 
that the “instantizing” process was at fault. Craven (1978) noted a link 
between salmonellosis in human infants and a particular brand of 
infant food produced in one factory in Victoria, Australia. As a result, 
all dried milk factories in Victoria have, since that date, had samples 
routinely examined for salmonellae. 

The effects of the spray drying process on the survival of salmonel- 
lae have been well-researched (McDonough and Hargrove, 1968; Licari 
and Potter, 1970). It has been suggested that product temperature, par- 
ticle density, and fat content are the main factors that influence sur- 
vival. Licari and Potter (1970) demonstrated that Salrnonella spp. are 
not eradicated completely from milk powder by spray drying. They also 
reported that, while storage at 45°C and 55°C had a lethal effect on the 
test organisms-Salmonella typhimuriiim and Salmonella thompmn- 
the numbers of salmonellae were only reduced, but not eliminated, at 
temperatures of 25°C and 35°C. 

The question of where the salmonellae come from in the first place 
has also to be addressed. Heldman et al. (1968) identified a number of 
areas where there was contact between the air and the product, imply- 
ing that salmonellae could be an airborne contamination, and Otte 
(1980) also suggested that contamination takes place during manufac- 
ture. Clearly there is no simple answer as to the mode of ingress of 
salmonellae into dried milk powder, and quality control procedures 
must be trusted to trace any likely contamination. 

Methods for the detection of Sulmonella spp. in dried milks con- 
tinues to be an area of continuing research.The ICMSF (1986) has out- 
lined proposals for sampling and the derivation of sampling plans for 
dried milk powders and, with powders targeted at vulnerable groups of 
consumers, it is widely assumed that salmonellae should be “absent” in 
500-g samples. The ICMSF (1986) points out that few outbreaks of 
food-borne disease have been attributed to dried milks in recent years, 
and consider that this is due to the rigorous testing and control proce- 
dures employed within the industry (Mettler, 1994). The detection of 
salmonellae, both in terms of recovering scant numbers and then rapid 
confirmation, is another area of ongoing research. Andrews et al. (1983) 
and Rappold et al. (1984) have proposed rapid cultural methods, while 
Ibrahim et al. (198s) have evaluated rapid detection methods based on 
radio-immunometric and enzyme immunometric assays; the latter 
authors claim that selective enrichment cultures can be examined 
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within 8h. In a more recent test, Karpiskova and Holasova (1999) 
reported that the use of the immunomagnetic separation technique for 
detecting salmonellae in milk eliminated the problem of “false nega- 
tives” associated with conventional methods, and it saved at least 1 day 
by eliminating the selective enrichment step. The immunomagnetic 
separation technique was recommended previously by Parmar et al. 
(1992), but the AOAC International appear to have opted for enrich- 
ment on modified semisolid Rappaport-Vassiliadis medium as the most 
appropritae method for detecting salmonellae in milk-based powders 
(Bolderdijk and Milas, 1996). 

However, one of the problems with milk powders is that the cells of 
Salmonella may be heat-stressed, and Baylis et al. (2000) have alerted 
workers to the fact that commercial brands of buffered peptone water 
differ greatly in their ability to recover injured cells. 

Unquestionably the effort to find simpler, faster, and more reliable 
methods for the detection of salmonellae will, due to its public health 
significance, continue. The fact should not be overlooked, however, that 
dried milk has an excellent record, which can be attributed to increased 
attention to equipment design and process control, coupled with 
improved quality assurance procedures. 

The next most important organism with respect to dried milk 
powders is S. aureus. Crossley and Campling (1957) investigated the 
spray-drying process and concluded that a small proportion of cells 
of S. aureus could survive the drying conditions. However, Crossley 
(1962) observed that, while S. aureus occurred in raw milk supplies, 
there was no connection with the strains isolated from milk powder, 
and he concluded that the most likely source was in-plant contamina- 
tion. Otte (1980) supported this proposition and concluded that the 
presence of S. aureus is clear evidence of contamination during manu- 
facture; only 2% of S. aureus survived spray drying. However, if S. 
a u r e ~ s  is allowed to grow in the milk prior to heat treatment, then the 
enterotoxins can be carried through into the milk powder produced 
subsequently and at levels that can cause food poisoning (Anonymous, 
2000). Hill (1983) studied the occurrence of enterotoxin-producing 
strains of S. uureus, and he found them to be present in both dried milk 
and sodium caseinate; however, phage-typing could not determine 
whether the isolated strains were of human or bovine origin. 

The enumeration of S. aureus in milk powder was the subject of a 
large ICMSF study involving 14 laboratories in 12 countries (Chopin 
et al., 1985). In the trial, S. aureiis was added before and after drying 
using seven strains of the organism, and direct inoculation of serial 
dilutions onto Baird-Parker medium or into Giolitti and Cantoni’s 
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enrichment broth (MPN technique) gave similar results. Such large- 
scale, cooperative evaluations of methods have been a growing feature 
in microbiology in recent years, and the initiative is to be applauded. 
Thus, while the nature of microbiological techniques makes them still 
dependent on operative skill, a good measure of agreement between 
different laboratories enhances confidence in the procedures. 

Other pathogens have joined the salmonellae and staphylococci in 
recent years as important contaminants of milk powder, and notable 
amongst these has been Bacillus cereus. It gives rise to food poisoning 
in two clinical forms caused by at least two enterotoxins (Gilbert, 1983). 
Holmes et al. (1981) described a food poisoning outbreak affecting 
eight people who had eaten macaroni cheese which was found to 
contain 108-109 B. cereus organisms g-'; B. cereus was recovered from 
the milk powder used in the preparation of the macaroni cheese. They 
concluded that the temperature profile of the meal-production system 
could have contributed to the multiplication of the organism. 

Johnson (1984) researched food-borne illnesses and confirmed that 
dried skim milk and malted milk figured amongst those foods that con- 
tained B. cereus, while Becker et al. (1994) confirmed that infant foods 
could also contain the organism. Helmy et al. (1984) examined milk and 
milk products in Egypt and reported that 7 out of 10 samples of 
dried milk contained B. cereus in numbers ranging from 100 to 1 x 
IO'cfug-', but in Australia the counts in local samples of milk powder 
did not exceed 9OOcfug-' (Rangasamy et al., 1993). Although B. cereus 
can survive severe heat treatments, in many cases, contamination from 
in-plant sources can be as important carryover from the raw milk 
(teGriffe1 et al., 1996). Elimination of the organism places demands on 
raw milk quality, plant design, and plant hygiene (Hammer et al., 2001). 
Methods for the enumeration of B. cereus have recently been evalu- 
ated by Schulten et al. (2000) and Torkar and Mozina (2001). 

Enterococci have also featured prominently in recent years, and 
Batish et al. (1982, 1984) found Enterococcus faeciuni and Enterococ- 
czis faecalis sub-sp. zymogenes in the high numbers in dried milk. El- 
Bassiony (1 985) also examined dairy products for enterococci and 
found Ent. faecalis and Ent. faecium. 

Other microbial species appearing in association with dried milk 
have included Yersinia enterocolitica (Morse et al., 1984), which has 
been implicated in food-related disease outbreaks. While dried milk 
may be the principal vehicle by which consumers can be infected with 
Yersinia, its reinforces the need to produce milk powder to strict stan- 
dards, because it is a very widely used ingredient and a primary target 
for laboratory examination. It may be for this reason that a number of 
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studies of L. monocytogenes have included isolation from “spiked” 
samples of skim-milk powder (Twedt et al., 1994); and although an out- 
break of listeriosis has never been linked with dry milk powders, simple 
MPN methods could also be adapted for routine control purposes 
(Gohil et al., 1996; Tran and Hitchins, 1996). 

Debate about the significance of coliforms, primarily as indicator 
organisms, is undiminished, and Otte (1980) regards their presence as 
clear evidence of contamination. However, Law and Mabbitt (1983) 
pointed out that Escherichia coli is an important pathogen causing mas- 
titis and that its presence in milk invalidates the proposition that it is 
an indicator of faecal contamination. Nevertheless, the presence of E. 
coli after the heat treatment stage in the drying process can be regarded 
as adventitious contamination; and testing of milk powders for col- 
iforms, as an adjunct to the testing for Salmonella, still has a valid role. 

The need to be able to enumerate coliforms resulted in another col- 
laborative study involving 14 laboratories and reported by Entis (1983). 
The examination involved nonfat dry milk and canned custard using 
the hydrophobic grid membrane filter technique that is now a recom- 
mended official first method in North America (APHA, 1992). 
However, the ease of long-established procedures for determining 
coliforms, such as MPN counts in MacConkey Broth and confirmation 
with Brilliant Green Bile Broth or similar medium (BSI, 1968), along 
with the understanding that dairy microbiologists have of this group of 
organisms, means that testing for coliforms will be around for a long 
time to come. 

Other research into the microbiology of dried milk has been con- 
cerned with yeasts and molds. Aboul-Khier et al. (1985) have isolated 
Aspergillus, Penicillium, and Mucor spp. from a range of dried products 
including whole milk, skim-milk, and ice cream mixes, but there was no 
suggestion that these fungi posed any risk to consumers. 

5.8 PRODUCT SPECIFICATIONS AND STANDARD METHODS 

The question of standards in respect to dried milks has been the subject 
of continuous debate. The American Dry Milk Institute Standards (now 
the Dairy Products Institute Standards) predominated for many years 
and are still widely quoted today. More recently, the Codex Alimenta- 
rius Commission has focused on a Code of Hygienic Practice for Dried 
Milk, but indicated that microbiological guidelines should not be 
included. In terms of microbial quality, however, they proposed end- 
product specifications and made specific reference to Salmonella. 
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In relation to specifications, each major milk-powder-producing 
country appears to have its own: and while these specifications are 
designed to provide a common minimum level that is pertinent to 
general public health, they may not deal with the specific needs of indi- 
vidual bulk users. These latter specifications may form a contractual 
obligation and need careful preparation. Quite frequently they are 
directed to some particular need, such as the incorporation of a spe- 
cially processed dried milk into a baby food formulation, and it is not 
unknown for special requirements in relation to thermophilic or ther- 
moduric organisms to be stated. It is fundamental that such specifica- 
tions should be definitive and exact, and vague statements, such as 
“absent,” mean nothing without some qualification as to specific para- 
meters. All too frequently these situations arise because contractual 
arrangements are made between nontechnical persons or, even worse, 
between individuals with a vague knowledge of the subject. 

The same situation can be found with respect to standard methods 
and, while each major country has standard methods for total counts 
(coliforms and Salmonella). so do international bodies, such as the 
International Commission on Microbiological Specifications for Foods 
(ICMSF), the International Dairy Federation, the International 
Standards Organisation, and the Association of Official Analytical 
Chemists. Clearly there is a degree of overlap and, with many of the 
same people contributing to each of these organizations, a level of 
agreement does arise. Agreed procedures with some authoritative 
backing are important, they provide a reference point against which 
other methods can be assessed, and, in the rare event of litigation, can 
prove invaluable. 

In contracts, standards must be quoted clearly, and they define both 
the mass or volume of the sample under examination and the number 
of analyses to be performed-whether this be in duplicate or triplicate. 
Next there needs to be an agreement on the method of analysis or, at 
the very least, the reference method to be employed in case of dispute. 
The agreement should also include the requirement for independent 
assessment by an officially recognized laboratory, again using a refer- 
ence procedure. It has always been appropriate in reference procedures 
to use those prescribed by one of the international bodies cited earlier. 
The procedures are well proven and enjoy the highest levels of credi- 
bility as a result; their wider use is to be encouraged particularly within 
the contractual situation. Microbiology is dependent on reproducible 
and accurate techniques, and it is fastidious and demanding. The need 
to confront these facts in supplier-customer situations cannot be 
underestimated. 
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CHAPTER 6 

MICROBIOLOGY OF ICE CREAM AND 
RELATED PRODUCTS 
PHOTIS PAPADEMAS 
P. Roussounides Enterprises Ltd., Pralina, Nicosia, Cyprus 

THOMAS BlNTSlS 
Laboratory of Food Microbiology and Hygiene, Department of Food Science and 
Technology, Faculty of Agriculture, Aristotelian University of Thessaloniki, 
Thessaloniki, Greece 

“ I  doubt whether the world holds fo r  anyone a more soul-stirring surprise 
than the first adventure with an ice cream.” 

-Heywood Hale Broiin (1888-1 939), American journalist 

6.1 INTRODUCTION 

It is possible that the origins of ice cream and other similar frozen con- 
fections lie in the “milk and honey” mentioned in the Old Testament. 
It has also been suggested that Abraham and Isaac had frozen or chilled 
drinks. It is certain that ices were known in ancient times, because the 
Chinese mixed snow and fruit juices to make an iced sweet and records 
exist which indicate that, during the time of Confucius, ice cellars were 
used to keep foods cool. 

In the first century A.D., the Romans were using ice from the moun- 
tains to chill mixtures of honey and fruit pulp or juice, but it is then not 
until about 1292, when Marco Polo returned from his journey to Asia 
and China, that further definite information is available. He brought 
back recipes for water ices said to have been used in Asia for thousands 
of years. 
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Henrietta Maria most probably introduced ice cream to Great 
Britain when she became the wife of Charles I in 1630. The first man- 
uscript on ice cream (The Art of Preparing Ice Cream) was written in 
French. but the author was never discovered. 

Ice cream was introduced to America by Europeans-in particular, 
English colonists around 1700. Nancy Johnson created the first manu- 
ally operated freezer in 1846. Jacob Fussell, the father of the wholesale 
ice cream industry in America, opened the first ice cream factory in 
Baltimore in 1856. Two more factories closely followed in Washington, 
DC and New York. In 1859 the total production of ice cream in America 
was 4000 gallons, but by 1899 this had risen to more than five million 
gallons; it is now in excess of 1000 million gallons (Marshall and 
Arbuckle, 1996). 

Two major inventions, in addition to the introduction of mechanical 
refrigeration, were largeiy responsible for this enormous increase. They 
were, in 1899, the homogenizer and, in 1929, the continuous freezer. 
In addition, high-temperature short-time (HTST) pasteurization of ice 
cream was approved by the US authorities (1953), and this develop- 
ment gave a degree of automation and better product quality. More- 
over, an important period in the history of ice cream was between 1965 
and 1981 when highly automated and high-volume processing equip- 
ment was introduced, and the definitions and standards for frozen 
desserts were revised. 

At the present time, many different types of frozen dessert are being 
made. It is necessary to classify them, and although the descriptions 
do vary from country to country, the list given below is typical, and 
legislation usually follows a similar pattern. 

6.2 CLASSIFICATION OF FROZEN DESSERTS 

6.2.1 Cream Ices 

Creme glacee, eiskrem, crema di gelato, and roomijs are ice creams 
made with a statutory minimum of butterfat (milk fat). Flavoring mate- 
rials, including fruit, nuts, and chocolate, may be added to produce the 
corresponding flavored cream ice. Many countries (e.g., France and 
Germany) insist on the use of milk fat only in any ice cream and pro- 
hibit the use of any substitute fats. 

6.2.2 Ice Cream 

Zjs (The Netherlands), mellorine (in some states of the United States, 
but not all), glaces de consommation (Belgium), and margurin-is 
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(Norway) are ice creams with a statutory minimum of fat, some or all 
of which may be fat other than milk fat. 

6.2.3 Milk Ices 

Glace au lait, milcheis, gelato a1 latte, and milkijs are ices based on milk. 
Only milk fat may be used, and minimum standards of 2.5-3% are 
established in most countries. 

6.2.4 Custards 

The traditional milk ice, which was made by boiling 4.5 liters of whole 
milk with 170g of corn flour and 0.68kg of sugar, is sometimes called 
custard. A true custard is probably made with fresh whole eggs, or egg 
yolk solids, and in the United States it must contain at least 1.4% by 
weight of egg solids. It may be called French ice cream or French 
custard ice cream. In France this product is called glace aux oeufs and 
must contain at least 7% egg yolk solids. 

6.2.5 Ices or Water Ices 

These are made from fruit juices and/or pulp diluted with water and 
with additions that may include sugar, citric, malic or tartaric acids, a 
stabilizer such as gelatin or pectin, color, and flavor.They may be frozen 
with or without agitation and the incorporation of air. If sold in a 
“slushy” condition, they may be called “frappe”; and if made with an 
alcoholic liquid in place of the water, they may be known as a “punch.” 
Water ices frozen without agitation and usually on a stick are called 
“ice lollies” in the United Kingdom. 

6.2.6 Sherbet 

This is made from ingredients similar to those of water ices, but it incor- 
porates some ice cream, liquid milk, cream, or milk powder. It is usually 
frozen with agitation and thus contains some air. 

6.2.7 Sorbets 

The composition of sorbets is similar to that of ices. Sorbets have a 
high sugar and fruit and fruit juice content (30 and 30-50%, respec- 
tively). Stabilizers and egg white are also added, and the product 
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has an overrun of 20% or less. Exotic flavors are often included in 
sorbets. 

6.2.8 Mousse 

Originally a mousse was a well-whipped mixture of cream, fruit, sugar, 
and egg white. It had a large content of air; and to prevent complete 
collapse, it was necessary to include high level of total solids. Present- 
day mousse in many ways resembles an ordinary ice cream, but does 
not melt when taken from deep-freeze storage. This is because it con- 
tains a relatively high quantity of stabilizer, which produces a gel-like 
consistency. 

In addition, over the years more complex products have been 
developed, and this is still continuing. Two of these are detailed below 
(see Sections 6.10 and 6.1 1). 

6.2.9 Cassata 

This is made in a round mold, hinged so that it may be filled with ice 
cream and other frozen products. The confection is built up in layers of 
rich, variously flavored ice cream, some with fruits, some with liqueurs, 
and sometimes with chocolate or nuts. Fingers or slices of sponge cake, 
sometimes soaked in liqueur, may be added. The cassata is frozen for 
several hours, then turned out of the mold for serving. 

6.2.1 0 “Splits” 

These are made on a stick, and they consist of a central section of ice 
cream and an outer layer of fruit water ice. They may be dipped in 
chocolate, broken nuts, or biscuit crumbs. 

6.2.11 Frozen Yogurt 

‘This product is prepared by freezing while stirring a pasteurized mix of 
milk fat, MSNF, sweetener, stabilizer, and yogurt, and it is usually 
flavoured with fruit puree. The amount of yogurt added could range 
from 10% to 20% of the total weight of the mix. 

Frozen yogurt products are low in fat, and two variations-nonfat 
frozen yogurt and low-fat frozen yogurt-are commercially available. 
Recently, Davidson et al. (2000) has reported that frozen yogurt 
could serve as an excellent vehicle for the incorporation of probiotic 
bacteria. 



LEGISLATION 217 

TABLE 6.1. Ice Cream Consumption in Europe 
(Liters per Capita in 1995) 

Ireland 10 Netherlands 7 

Greece 5 Norway 13 
Spain 4 Sweden 14 
Portugal 3 Finland 14 
Austria 7 Denmark 10 
United States 22 

United Kingdom 9 Germany 7 

France 6 Italy 6 

Source: After Doxanakis (1998). 

6.3 ICE CREAM AND FROZEN DESSERT SALES 

In the United Kingdom, ice cream and frozen desserts represent one of 
the largest packaged grocery sectors. The market, though, is extremely 
concentrated and is dominated by three major food companies. 

The total retail sales have risen considerably over the past 5-6 years 
and the estimated sales for 1999 reached El460 million, with ice cream 
representing ~€1040 million of the total. Market experts forecast that by 
2004 the figure of total sales will reach El605 million (Anonymous,2000). 

The UK ice cream market seems to be affected by the season; for 
example, in 1998 the poor summer was a reason for the decrease in 
total sales of ice cream (E984 million) when compared to E1030mil in 
1997. The manufacturers have tried to deseasonalize the market by 
encouraging year-round sales and introducing winter-themed products. 

On the other hand, season seems not to play a very important role 
in the consumption of ice cream by the Scandinavian countries because 
their climate is characterized as cold, but they are still the top ice cream 
consumers in Europe (see Table 6.1). 

The United States remains the world’s leader in ice cream manu- 
facture and development with annual ice cream consumption at 22 
liters per capita (Doxanakis, 1998). The United States is also one of the 
top ice cream and edible ice exporters (see Table 6.2), whereas imports 
remain very low (see Table 6.3). 

6.4 LEGISLATION 

6.4.1 Composition 

Ice cream and other whipped frozen desserts are foams made up of 
air cells surrounded by a partially frozen emulsion. Ice crystals and 
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TABLE 6.2. Total Exports of Ice Cream and Edible Ice (Quantity in Metric Tons) 
~ 

1993 1994 1995 1996 I997 1998 

European IJnion 
(15 countries) 

Austria 
Belgium-Luxcm bourg 
Denmark 
Fin i and 
France 
Germany 
C1-eece 
Ireland 
Italy 
Net hertands 
Portugal 
S pai ii 
Sweden 
United Kingdom 
Russian Federation 
LJnited States 

257,724 

3,690 
62,589 
32,411 
9,141 

43,069 
26,953 
5,432 
4,240 

19,313 
12,379 

455 
22,716 
4,500 

10,836 
I72 

37,684 

303,056 

2,080 
69,324 
24,557 
16,463 
56,176 
30,745 
6,042 
2,561 

23,746 
17,211 

182 
21,225 
13,848 
18,896 
3.743 

41,974 

308,263 

5,984 
67,872 
26,183 
7,717 

47,247 
33,059 

6,162 
2,167 

28,707 
16,579 

206 
24,062 
14,412 
27,906 
2,431 

40,117 

312,140 

3,800 
68,596 
21,507 
5,952 

50,963 
38,797 
5,343 
3,199 

31,342 
19,680 
1,126 

28,673 
9,955 

23,207 
1.692 

42,118 

32 1,928 

4,220 
75,677 
19,766 
4,059 

59,503 
35,456 
4,852 
3,922 

28.776 
26,873 

498 
23,406 
9,162 

25,758 
1,692 

4 1,037 

382,957 

1.381 
90,455 
3,270 
2,598 

60,517 
67.401 
5,090 
6,122 

43,614 
24,087 

1,692 
30,354 
14,358 
32.018 
5,768 

41,781 

Soirrc e: FAOSTAl (2000). 

TABLE 6.3. Total Imports of Ice Cream and Edible Ice (Quantity in Metric Tons) 

European Union 
(15 countries) 

Austria 
Bclgium-Luxembourg 
Denmark 
Fin 1 and 
France 
Germany 
Greece 
Ireland 

Nether I an cis 
Portugal 
Spaiii 
Sweden 
llriited Kingdom 
Russian Federation 
llnited States 

Italy 

1993 

215,277 

3,180 
26.958 
2,797 
2,176 

33,937 
28,275 
2,993 
3,984 

14,446 
32,927 
5,620 

13,346 
7,226 

37,412 
6.700 

267 

1994 

225.855 

3,526 
22,647 
2,227 
5,635 

42,551 
31,501 
3,193 
3,599 

14,263 
34,705 

6,497 
16,855 
4,714 

33.942 
39,771 

248 

1995 1996 1997 1998 

237,975 

5.819 
24.342 
2.48 I 
7.425 

46,723 
29,960 
4,714 
6.152 

13.425 
34,386 
9,023 

18,516 
4.87 1 

30,138 
26,903 

706 

237,312 

6,046 
22,121 
3,881 
6,563 

47,885 
33,002 
4,263 
4,614 

1 1,947 
32,770 
10,117 
21,674 
5.224 

27,205 
33,278 

1,041 

264,803 

8,3 I3 
2 1,087 
6,158 
7,468 

55,941 
37,657 
333  1 
5.016 

14,469 
3 1,804 
10,235 
I Y.903 
3,789 

38,132 
2 1.800 

1,365 

341,352 

26,103 
23,339 
19.096 
7,538 

72.118 
37.334 
5,552 
6,220 

17.995 
273  I3 
10.79 1 
25.312 
7,962 

54.079 
19,033 
3,243 
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TABLE 6.4. Typical Chemical Composition of 
Ice Cream 

Constituent Concentration (YO wlw) 

Milkfat 
MNFS 
Sucrose 
Emulsifier 
Stabilizer 
Overrun (50%) 
Water (50-90% frozen) 

Total 

10 

14 
8.8 

0.2 
0.2 
0.06 

66.74 

100 

Source: After Walstra and Jonkman (1998). 

solidified fat globules are embedded in the continuous unfrozen liquid 
phase that contains proteins, carbohydrates, salts, and gums. It is well 
recognized that each ingredient in ice cream can play a significant role 
in texture, flavor, and stability (Huang and Platt, 1995). Ice cream has 
water, fat, emulsifiers, milk solids non-fat (MSNF), sugars, stabilizers, 
air, and ice as its major components. A typical composition of ice cream 
is given below (Table 6.4). 

The legal compositional requirements vary considerably between 
countries (Pappas, 1988). In the United States, for example, ice cream 
is a product that has at least 10% milk fat,premium ice cream has to 
contain at least 12% milk fat, and superpremium ice cream contains at 
least 14% milk fat (Stogo, 1998). 

The various regulations for ice cream composition that were intro- 
duced after the 1939 War in the United Kingdom were finally revoked 
and replaced by the Food Standards (Ice Cream) Regulations 1967 (SI 
No. 1866). More recently, the latter has been replaced, and now the 
composition of ice cream is included in the Food Labelling Regulations, 
1996 (SI No. 1499). 

The description of “ice cream” states that it should apply to the 
frozen product containing not less than 5% fat and not less than 2.5% 
milk protein. This frozen product is obtained by subjecting an emulsion 
of fat, milk solids, and sugar [including any permitted sweeteners, 
Sweeteners in Food Regulations 1995(a)] to heat treatment and sub- 
sequent freezing. 

The description of “dairy ice cream” is essentially the same as for 
“ice cream,” with the difference that the fat used (minimum 5 % )  must 
consist exclusively of milk fat. 
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6.4.2 Labeling 

The correct labeling of food products is of paramount importance in 
order to protect both the consumer and the manufacturer. Special leg- 
islation is now in force, and in the United Kingdom, this is covered by 
the Food Labelling Regulations, 1996 (SI No. 1499). The requirements 
for ice cream are given, briefly, below, and the major points that must 
be covered by the label include: 

1. The correct name of the product as described in the Food 
Labelling Regulations, 1996 (see Section 6.4.1). That is, “ice 
cream” or “dairy ice cream,” and in the case of “ice cream” it is 
necessary for the words “contains non-milk fat” or “contains veg- 
etable fat” as applicable to be included near the name “ice 
cream .” 

2. The pack must include a list of the ingredients given in weight 
descending order. It is permitted to list the stabilizer, emulsifier, 
and color using their “E” numbers. It is not sufficient to use the 
term “milk solids non-fat,” because the actual source itself has to 
be named (e.g., liquid skim milk, skim milk powder, condensed 
milk, or whey solids). For example, dairy ice cream made from 
full cream milk, cream, skim milk powder, sugar, dextrose, stabi- 
lizer and emulsifier, flavor, and color would probably be labeled: 
Ingredients: ful l  cream milk, sugar, cream (48% milk fat), skim 
milk powder, dextrose, stabilizer, emulsifier, permitted flavor and 
color. 

3. In  the United Kingdom, it is not at present necessary to include 
a durability indication on edible ices sold in individual portions. 
In the case of ice cream a “best before” indication is included 
together with the appropriate storage conditions (e.g., keep at 
temperature below -18°C). 

4. The name and address of the manufacturer or packer, or the name 
and address of the seller established in the EU. 

5. The size of the pack, either in fluid ounces, pints, or gallons or in 
metric sizes for which there is a set of specified metric volumes. 

6.4.3 Heat Treatment 

In the United Kingdom, under the Dairy Products (Hygiene) Regula- 
tions of 1995 (SI No. 1086), dairy ice cream mix (see Section 6.4.1) has 
to be heat-treated in order to produce a safe food product. The regu- 
lations are summarized below: 
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Pasteurized ice cream is obtained by the mixture being heated to: 

(a) a temperature of not less than 65.6"C and retained at that tem- 

(b) a temperature of not less than 71.7"C and retained at that 

(c) a temperature of not less than 79.4"C and retained at that tem- 

perature for not less than 30min; 

temperature for not less than 10min; or 

perature for not less than 15s. 

The temperature of the pasteurized dairy ice cream mix must be 
reduced to no more than 7.2"C within 90min and kept at such a tem- 
perature until the freezing process is begun. The temperature of the 
frozen dairy ice cream must remain at a temperature below -2.2"C at 
all times after freezing. If the temperature rises above -2.2"C, it must 
be heat-treated again. 

Sterilized dairy ice cream is obtained by the mixture being heated to 
a temperature of not less than 148.9"C for at least 2s. If the sterilized 
mix is immediately transferred in sterile airtight containers. under 
sterile conditions, and the containers remain unopened then, there is 
no need for the temperature of the sterilized mix to be reduced to no 
more than 7.2"C within 90min prior to freezing.Tne temperature of the 
frozen sterile dairy ice cream has to remain at all times below -2.2"C. 
If the temperature rises above -2.2"C, it must be heat-treated again. 

Although dairy ice cream and ice cream (contains non-milk fat) is 
differentiated in the United Kingdom, their heat treatment require- 
ments remain the same (Anonymous, 1995). 

Moreover, heat treatment is not required in the case of a mix 
that has a pH of 4.5 or less (e.g., some lolly mixes). In addition, mixes 
made by adding a heat-treated powdered mix to cold potable water 
need not be further treated. Only sugar may be added as well as water, 
and the mixes must be frozen within 1 h of being reconstituted (Jukes, 
1997). 

In the case of HTST pasteurization or sterilization, full thermostatic 
control is required, and a positive drive pump must be used to ensure 
the correct holding time. There must also be a device for automatically 
diverting mix, or for stopping the sterilization process, if the mixture is 
not heated to the correct temperature. 

After such heat treatment, and given careful low temperature 
storage of the mix, it is to be expected that the mixture will have a very 
low bacterial count. Heat treatment regulations vary considerably from 
country to country. In the United States there is legislation that applies 
to individual states; in addition, there is Federal legislation. 
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6.5 INGREDIENTS 

6.5.1 Milk Solids Non-fat (MSNF) 

MSNF ingredients include sugars (lactose), proteins, and minerals. The 
function of MSNF is to increase the viscosity and melting resistance of 
the ice cream, with the proteins absorbing free water and preventing 
the growth of large ice crystals (Fearon and Moruzzi, 1999). 

Liquid whole milk, skim milk, and cream are all good sources of 
MSNF but none of them contributes sufficient MSNF to satisfy either 
the legal requirements for MSNF or the technical demands. So, 
although they are, when fresh and of good bacteriological quality, 
excellent sources of MSNF, it is necessary to add more MSNF in a 
concentrated form. 

A satisfactory source of this is concentrated liquid skim milk, 
obtained by vacuum evaporation to give a total solids content of 
25-35% (Hamilton, 1990). Because this is not normally a sterilized 
product, it has to be used rapidly and requires refrigerated storage. 

Sweetened condensed milk can also be used as to increase the MSNF 
of ice cream, but the possible formation of large lactose crystals may 
result to a texture defect known as “sandiness” (Huang and Platt, 1995). 

Spray-dried skim milk powder is the most widely used milk product, 
and this excellent ingredient is used to either provide the whole of the 
MSNF in the mix or increase the MSNF content of liquid whole milk 
or skim milk. The use of membranes to concentrate skim milk is also 
a very satisfactory method of increasing the MSNF. Spray-dried, full 
cream milk powder is another source of MSNF, but the shelf-life of this 
product is much less than skim milk powder due to the presence of milk 
fat; this may become off-flavored and eventually rancid on prolonged 
storage. If the full cream milk powder is properly used, though, it is a 
very satisfactory source of MSNF and also of some milk fat. 

Another good alternative may be the use of buttermilk powder, 
which can replace 50% of the skim milk powder. Buttermilk powder 
can be kept for several weeks to a few months, depending on the 
storage conditions, moisture content, and, o€ course, initial quality 
(Marshall and Arbuckle, 1996). 

There is some use now being made of various whey products. The 
quantity of whey powder in the ice cream mix has to be restricted to 
25% of the total MSNF (Stogo, 1998; Hamilton, 1990). The problem 
with ordinary whey powder is that it contains appreciably more lactose 
than skim milk powder (SMP), about 74% compared to 50% in SMP, 
and this may cause a “sandy-mouth feel.” 
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Modified whey powders and liquid concentrates may be obtained in 
which some, at least, of the lactose has been hydrolyzed to its con- 
stituent sugars, glucose, and galactose. This is an ingredient that is 
appreciably sweeter and may, in some cases, be used as a partial source 
of sweetener for the mix. 

Ice cream manufactured with low-lactose or delactosed milk prod- 
ucts can also be more easily consumed by individuals that suffer from 
lactose malabsorption. 

6.5.2 Milk Fat 

Fat is essential because it provides ice cream with its rich, mellow, full, 
and creamy flavor. Fat will also increase the viscosity of the mix, lower 
the tendency to melt, and provide a smoother ice cream. The best 
source of milk fat, and the most costly, is cream. This must be freshly 
produced, and it will produce an excellent “cream ice.” Other sources 
are frozen cream, unsalted butter, and anhydrous milk fat (AMF) or 
butteroil (Hamilton, 1990). 

6.5.3 Other Fats 

The use of fats other than milk fat is prohibited by law in a large 
number of countries. However, they are permitted for use in the United 
Kingdom, Sweden, Belgium, Denmark, and the Netherlands; and to be 
suitable for use in ice cream, they should have a melting point below 
37”C, with a slip melting point of about 30°C. This is to avoid any “cling- 
ing fatty” sensation being left in the mouth, which fats with higher 
melting points might produce. 

The fats that are most commonly used include partially hydro- 
genated palm oil, palm kernel oil, and coconut oil, suitably blended 
to give a satisfactory melting range. Because they are usually bland, 
suitable flavorings must be added as required. Moreover, the addition 
of fats and oils not of milk origin should be mentioned on the label 
(Pappas, 1988). 

6.5.4 Sugars and Sweeteners 

Apart from providing the required sweetness, which balances the “fat- 
tiness” of the product, sugars play other more important roles in ice 
cream. These roles include the following; (a) adding to the total solids, 
thereby providing texture and body as well as “creaminess,” and (b) 



224 MICROBIOLOGY OF ICE CREAM AND RELATED PRODUCTS 

controlling the freezing point and hence the hardness and “scoopabil- 
ity” of ice cream (Rothwell, 1998). 

The sugar most commonly employed is sucrose, obtained either 
from cane or beet. Sucrose is highly soluble, thereby making it an ideal 
ingredient. Glucose (dextrose) syrups made by the acid and/or enzyme 
hydrolysis of corn flour, wheat, and other sources of starch are also 
employed to a considerable extent. The amount and type of hydrolysis 
governs both the sweetening power and the amount of freezing 
point depression, and thus these syrups may be used to produce 
different types of ice cream as required. The various glucose syrups 
are differentiated by their dextrose equivalent (DE) number. The 
higher the DE number, the higher the amount of dextrose present, 
which leads to increased relative sweetness; by increasing the DE 
number, the freezing point depression is also increased (Fearon and 
Moruzzi, 1999). 

On a large scale, sugar/glucosc syrup mixtures are used, according 
to the ice cream manufacturers’ requirements. They contain about 
70% solids, and they are handled in tanker loads. Dextrose is also used, 
particularly in smaller-scale manufacture, because it is a powder and 
is much more easily handled than the glucose syrups. Finally, spray- 
dried glucose syrups are also available, but they cost more than 
dextrose. 

There is a small, but growing, demand for ice cream suitable for dia- 
betics: for this, the sucrose has to be replaced by suitable sweeteners, 
of which fructose is one. It is appreciably more sweet than sucrose. but 
bulking agents may be required to produce an acceptable texture. 
Among these is polydextrose, which provides only 1 kcal g-’. Polydex- 
trose is tasteless, is easy to use, and dissolves quickly. Diabetic ice may 
also be produced using polydextrose and an artificial sweetener (i.e., 
Aspartame). The total caloric value of the final ice is about half of that 
of a comparable standard ice cream. Another experimental ice for dia- 
betics uses sorbitol, which provides both sweetness and bulk. The dis- 
advantage of using sorbitol is that intake has to be restricted due to its 
laxative properties (Rothwell, 1998). 

6.5.5 Stabilizing Agents 

‘The primary function of stabilizers is to prevent heat shock (Fearon 
and Moruzzi, 1999). This is a process by which fluctuating temperatures 
cause the ice crystals in the frozen product to melt and then refreeze. 
During this process, ice crystals can become mobile and combine (and 
refreeze) into larger ice crystals. The formation of large ice crystals will 



INGREDIENTS 225 

cause undesirable texture defects. The stabilizers will absorb free 
moisture in the frozen ice cream and reduce the amount of water avail- 
able to participate in the phase changes ice to water and water to ice 
(Marshall and Arbuckle, 1996). 

Stabilizers also give the ice cream “body” without making it too 
“heavy or gummy” and allow the ice cream to melt down satisfactorily, 
but relatively slowly.They can also improve the whippability of the mix, 
giving a drier ice cream, and probably minimize shrinkage problems 
(Dubey and White, 1997). 

To a limited extent, milk proteins act in this way, but additional sta- 
bilization is necessary to give a satisfactory product. Gelatin, which is 
an animal protein, was the first substance to be used in this way. It pro- 
duces a gel network during a storage or “aging” period of about 4-5 h 
at 5°C. Milk proteins from added milk powders also require some 
time to hydrate fully. 

However, for modern, high-speed production methods, other stabi- 
lizers, which do not require this time for satisfactory hydration, have 
been introduced. The ice cream manufacturer now has a wide range to 
select from, and usually a mixture of two or more are employed. Those 
most commonly used now include sodium alginates, locust bean and 
guar gums, sodium carboxymethyl cellulose (CMC), carrageenan, 
xanthan gum, and pectin. Most of these will dissolve reasonably well, 
but locust bean gum requires a temperature of about 70°C for up to 
15 min. It is, therefore, not very suitable for ultra-high-temperature 
(UHT) or HTST mix processing methods; but guar gum, which is in 
other ways very similar to locust bean gum, may be used in its place 
because it dissolves in the cold quite satisfactorily. 

Stabilizer manufacturers and suppliers now make mixtures, which 
not only include a blend of several different stabilisers, but also incor- 
porate an emulsifying agent made in a form that is easy to handle and 
which can be rapidly incorporated into the mix. 

6.5.6 Emulsifying Agents 

As will be mentioned later, ice cream mix has to be submitted to 
mechanical emulsification. This is to ensure that the fat globules are 
sufficiently small to give a homogeneous and smooth mix, but, at the 
same time, it greatly increases the surface area of the fat globules. To 
prevent the fat globules from agglomerating after homogenization, it 
is necessary to “protect” their surfaces either by a natural membrane 
(as is present in milk and cream) or by adding some surface-active 
material. 
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An emulsifying agent is used for this purpose, and it acts by con- 
tributing to the formation of a different membrane. After cooling and 
aging of the homogenized mix at 4°C the membranes rearrange and, 
with the cmulsifier being adsorbed more strongly, it replaces proteins 
on the surface.The extent of protein displacement from the membrane, 
and hence the extent of dryness achieved, is a function of the type and 
concentration of the emulsifier used (Goff, 1997). Fat globules with 
adsorbed emulsifiers have an increased susceptibility to destabilization 
forces existing in the freezer. 

The emulsifying agent is thus required to help to maintain the 
fat globules as individual units. For optimal structure and texture 
of regular ice cream, approximately 60% of the fat in the emulsion 
should be destabilized (Marshall and Arbuckle, 1996). The emulsifier 
also assists in the formation of larger numbers of smaller and more 
uniform air cells, which helps to produce a smoother ice cream and aid 
whippability. 

However, it is now accepted that emulsifier action is more com- 
plex and that during the freezing process in the ice cream freezer, 
possible stabilization (flocculation) of fat globules may lead to fat 
churning. To control this it is necessary to use the correct amount of a 
suitable emulsifier. If too much agglomeration of the fat occurs, this 
may lead to a very fatty, greasy-tasting product, which will not be fully 
acceptable; the melt-down characteristics of the product will also be 
impaired. 

Egg yolk was the first emulsifying agent used (having lecithin as the 
active ingredient), and this was followed by glyceryl monostearate 
(GMS). Normal GMS has a monoglyceride content of about 40940, but 
it is possible to obtain specially processed types that contain up to 80% 
monoglyceride. Other emulsifying agents include pol ysorbitol esters, 
but these have never been generally allowed by the health authorities 
in Europe (Krog, 1098). 

6.5.7 Flavoring Materials 

Flavorings of natural or synthetic origins are available mainly in mix- 
tures. for the proper flavoring of foods (Marshall and Arbuckle, 1996). 

Natural flavorings are derived from citrus and noncitrus fruits, spices, 
cocoa and chocolate, coffee, and natural flavorings from vanilla beans 
and nuts. Liqueur flavorings include whiskey and distilled beverages, 
fruit brandy distillates, and fruit liqueurs. 

Vanilla is one of the most popular flavorings used in the US ice cream 
industry, and it is produced from the beans that are present in the pods 
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of the vine Vanilla planifolia. Another widely used flavoring is choco- 
late and cocoa, which are obtained from the cocoa bean, the fruit of 
the Theobroma cacao tree. Chocolate ice cream, made either from fla- 
voring syrup or from a special mix incorporating cocoa, is quite popular 
as are chocolate coatings on ice cream cones and bars. 

Fruits are also used as flavorings in both ice creams and frozen 
yogurts. They are available in fresh, frozen, and heat-processed forms. 
Fresh or fresh-frozen fruit is often the best source of flavor; but fruits 
high in sugar content, such as strawberries, raspberries, and black cur- 
rants, which are very commonly employed, may cause a problem with 
yeast and mold contamination. 

A health-conscious public has pushed the industry to reduce the 
calorific value of ice cream and ingredients such as blueberry chunks, 
raspberry and strawberry purees, and chocolate flakes, are now sweet- 
ened with aspartame. 

Nuts are also used as a coating or included in the ice cream, and the 
most popular are pecans, walnuts, almonds, pistachios, filberts, and 
peanuts. They must be clean, be in a sound condition, have a low count 
of microorganisms, and be free of pathogens. Finally, spices used in the 
frozen dessert industry include cinnamon, nutmeg, cloves, allspice, and 
ginger. 

6.5.8 Colorings 

Colorings that are permitted for use in ice cream are “certified” and 
must be declared on the ingredient labels. The coloring used in ice 
cream depends on the type of ice cream produced. For example, in 
chocolate ice creams, extra coloring is not added because cocoa imparts 
a high color at the concentration of use. On the other hand, fruit ice 
creams need to be colored because the usual amounts of fruits added 
do not impart a desirable color to the end product. 

6.6 OTHER TYPES OF ICE CREAM 

6.6.1 

The ever-increasing demand of health-conscious consumers to lower 
the daily fat intake has prompted changes in many food products, and 
a recent trend in ice cream formulation has been to reduce the calorific 
contribution of fat in the mix. Ice cream made with 25% less fat than 
the reference ice cream is labeled reduced fat, whereas a light version 

Ice Cream with Different Fat Contents 
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is also available (50% less fat than the reference ice cream). A reduced- 
fat, sugar-free ice cream is also available. 

Two more products with even lower fat contents are also marketed: 
(a) low-fat with not more than 3.0g of fat per serving and (b) non-fat 
with less than 0.5g of fat per serving (Marshall and Arbuckle, 1996). 
Substitutes for fat in ice cream may include protein mimetics (e.g., 
Simplesse), while Polyestra is a carbohydrate (sucrose polyester) used 
to replace all or part of the fat in ice cream. 

The challenge for the lower fat products is that they must possess 
the same or comparable organoleptic and flavor characteristics as ice 
cream. 

6.6.2 Probiotic ice Cream 

The generally widespread use of probiotic bacteria in the production 
of yogurt has triggered the interest of researchers in the possible addi- 
tion of such bacteria to ice cream, as well. 

Hagen and Narvhus (1999) have recently described the production 
of ice cream containing probiotic bacteria. Four different probiotic 
strains (Lactobacillus reuteri, Lactobacillus acidophilus, Lactobacillus 
rhnrnnosus “GG,” and Bifidobacterium bifidum) were used for ice 
cream production, and the end products were evaluated for several 
sensory attributes. ‘The authors concluded that viable numbers of the 
probiotic cultures remained above 1O6cfug-’ during storage of 52 weeks 
at -2O”C, and the ice cream obtained high scores during the sensory 
evaluation. In a similar study, Hekmat and McMahon (1992) used L. 
acidophilus and B. Bifidum to ferment a standard ice cream mix. Their 
results showed high levels of viable organisms after 17 weeks of frozen 
storage. Marshall (1998) also reports that Bifidobacteria and L. aci- 
dophilus could be added as dietary adjuncts to frozen desserts. 

The above studies show that ice cream could be used as a good 
source for delivering probiotic bacteria to the consumers, without 
affecting the sensory properties of the end product. 

6.6.3 Ice Cream Novelties 

An emerging sector, prominent during the last 15-20 years, within the 
wider ice cream market is the “novelties.” An ice cream novelty is 
defined by Stogo (1998), as “a unique single-serve portion-controlled 
product.” Novelties include special combinations of ice cream with 
flavors and confections, cup items, and fancy molded items (Marshall 
and Arbuckle, 1996). 



MANUFACTURE OF ICE CREAM 229 

They are usually produced by either extrusion or molding, and exam- 
ples include coated ice cream bars (e.g., Mars), coated ice cream bars 
on a stick (e.g., Magnum), ice cream cakes, and ice cream logs (e.g., 
Vienetta). The production of “novelties” is illustrated in Figure 6.1. 

6.7 MANUFACTURE OF ICE CREAM 

The previous sections highlighted that mix composition and ingredient 
quality, coupled with compliance to legal requirements, are important 
prerequisites for the production of high-quality ice cream. 

The manufacture of ice cream is certainly a complex operation, and 
a number of steps are involved (Figure 6.1) which to some extent may 
affect the microbiological quality of the end product. Although these 
steps are only briefly described below, Marshall and Arbuckle (1996) 
provide excellent and detailed information on the subject. 

1. Once the formulation of the mix has been decided, the ingredi- 
ents will be weighted or measured into the mixing vessels. In large 
enterprises, continuous operations under computer control are 
employed, and the mix is pumped through a closed system. This 
approach reduces the costs of handling, decreases the risks of contam- 
ination, and makes possible the automated cleaning-in-place (CIP) of 
the equipment. 

2. After mixing, the ingredients are either heat-treated in a batch 
system (using the same mixing vessel) for small-scale enterprises or 
pumped to a pasteurization plant for HTST continuous-flow pasteur- 
ization (larger-scale enterprises). UHT processing is mainly carried out 
by steam injection, or in scraped-surface heat exchangers, because the 
mix may foul the surfaces of plates if heated to temperatures in excess 
of about 110°C. Actual operating conditions depend on the legal 
requirements of individual countries. 

3. The homogenizer in a batch system is placed right after the pas- 
teurizer, whereas if a continuous system is employed, it is located 
between the heating section of the pasteurizer and the raw product 
regenerator. The pressures employed vary with the type and quantity 
of fat used (Marshall and Arbuckle, 1996). Usually, vegetable fats are 
treated at lower pressures around 16OOpsi, whereas mixes with milk fat 
are homogenized at around 2200 psi. If two-stage homogenization is 
used, the pressures for both types of fat are usually 2OOOpsi, followed 
by about 5OOpsi. The formulation of the mix is also important in 
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determining the correct pressure during homogenization. For example, 
ice cream mixes that contain chocolate require pressures that are about 
5OOpsi higher than those used for plain mixes containing the same 
amount of fat. Homogenization will reduce the size of the fat globules 
to less than 2ym, producing a uniform and stable suspension of fat in 
the mix. Therefore, homogenization prevents fat separation and 
reduces fat churning during the freezing process. As a result, the 
organoleptic characteristics of the finished product are improved by 
providing the correct body and texture, mouth feel, and appearance. 
The homogenizer is a complex piece of equipment and must be care- 
fully cleaned and disinfected each time it is used, or the mix may be 
considerably contaminated. Therefore, it is suggested that homoge- 
nization of the ice cream mix is carried out before the mix is finally 
heat treated wherever this is possible. 

4. After pasteurization and homogenization is completed, the mix is 
rapidly cooled to 2-4°C in order to preserve the bacteriological quality 
of the mix. In batch systems the mix is pumped over a cooler, whereas 
in a continuous system, cooling is achieved by contact of the mix with 
the cold part of a plate-type or scraped-surface heat exchanger (Stogo, 
1998). The mixture is then stored for approximately 24h, and during 
this period a process known as “aging” takes place; the milk proteins 
hydrate, the fats begin to crystallize, and any added hydrocolloids 
absorb quantities of water. A non-aged mix is very wet at extrusion and 
exhibits variable whipping qualities (Goff, 1997). Normally the mix 
should be frozen within 24h of being heat-treated because undue 
prolongation of storage may lead to proliferation of psychrotrophic 
organisms with a serious risk of spoilage of the mix. 

5. The mix is then passed to the ice cream freezer where its tem- 
perature is reduced rapidly, and at the same time the mix is subjected 
to considerable agitation. Air is incorporated to give an aerated product 
with overrun (the amount of expansion caused by this incorporation of 
air) of up to loo%, depending on the freezer and the type of ice cream 
being produced. Small vertical freezers (batch) (Figure 6.2) normally 
give overruns of up to about S O % ,  but a large continuous freezer can 
produce overruns of up to 100% by the incorporation of air under pres- 
sure. Batch-frozen products have larger ice crystals and air cells than 
the continuous-frozen products because the drawing temperature of ice 
cream from the batch freezer is slightly higher than that used for con- 
tinuous freezers. 

6. On leaving the freezer, the ice cream will normally be packaged, 
either in bulk or in smaller-sized “family” packs of 1 liter or less, or in 
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Figure 6.2. A batch freezer. (Rcproduced by courtesy of Ingrams Ltd. and Caprigiani 
SPA.) 

individual retail packs. All these are quick-hardened (to avoid the for- 
mation of large ice crystals) in wind cabinets at -4O"C, in hardening 
tunnels (Figure 6.3), or in contact plate freezers, packaged as suitable, 
and then kept at a temperature of about -30°C until, and during, dis- 
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Figure 6.3. The Technogel hardening tunnel. (Reproduced by courtesy of Alfred & Co. 
Ltd.) 

tribution. Hardening of ice cream has been accomplished when the 
temperature in the center of the package drops to -18°C. The process 
may take from 30min to 24h according to the package quantity and 
type of hardening facility. 

Some ice cream is sold direct from a dispensing freezer as “soft- 
serve” ice cream either on cones or in cups. There are several types of 
soft-serve freezers available-that is, floor and counter-top models, 
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single- and multiple-flavor models, low-overrun machines, and others. 
A “self-pasteurizing” soft ice cream machine is illustrated in Figure 6.4. 
The fat content of a soft ice cream is 7% and the MSNF is raised 
to 12% to prevent the fat from churning-out during whipping and 
freezing. 

6.8 EFFECT OF FREEZING ON BACTERIA 

Under certain conditions, the freezing process has some effect on the 
bacterial content of the ice cream. In the freezer, as already mentioned, 
the temperature of the mix is rapidly reduced while air is incorporated, 
accompanied by vigorous whipping of the ice cream. Both intra- and 
extracellular ice crystals can mechanically injure frozen cells. Ice crys- 
tals that form outside the cell reduces the amount of free water in which 
solute can be dissolved. Those that form inside the cells have the poten- 
tial to puncture cell membranes. 

However, in a continuous freezer, where very rapid freezing occurs 
during a short period of agitation, the numbers of survivors fluctuated 
considerably, but were generally much greater than in the other types 
of freezer. 

Once the ice cream leaves the freezer, any further reduction of tem- 
perature occurs in quiescent conditions in a hardening tunnel or hard- 
ening room. The ice cream will then be held at temperatures around 
-20°C or lower until it is sold, and this period has been shown to cause 
very little change in the numbers of bacteria, even after periods of many 
months. Pathogenic organisms, amongst many different types artifi- 
cially inoculated be€ore the mix was frozen, have been shown to survive 
for years. 

Dean and Zottola (1996) investigated the survival characteristics of 
Listeria rnonocytogenes in full fat (10% fat) and reduced fat (3% fat) 
ice cream. They found that the viable cell count of L. rnonocytogenes 
remained constant throughout manufacture and 3 months storage at 
-18°C. They concluded that the lactose and sucrose in the ice cream 
acted as cryoprotectants by depressing the freezing point of the sus- 
pension media, in addition to protection by other milk components and 
the viscous nature of ice cream. 

Therefore, it is essential that the bacteriological content of the ice 
cream from the freezer be as low as possible, because neither the final 
hardening process nor the low-temperature storage can be relied upon 
to reduce the numbers appreciably; pathogenic organisms should be 
absent. 



Figure 6.4. A self-pasteuri7ing soft-serve ice cream freezer. (Reproduced by courtcsy 
of Ingrams Ltd. and Caprigiani SPA.) 
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6.9 ICE CREAM AS A CAUSE OF FOOD-BORNE DISEASES 

6.9.1 Disease Outbreaks-Historical 

In the United Kingdom there were several outbreaks of food poison- 
ing before the Second World War, but, because there were no heat 
treatment requirements at that time, the significant cases are those that 
occurred later. Hobbs and Gilbert (1978) give examples of two out- 
breaks of food poisoning in the United Kingdom which have been 
directly attributed to the consumption of ice cream. One, in 1945, was 
due to staphylococci, carried by a worker in the cookhouse of an army 
hospital, which were introduced into batches of ice cream mix after the 
ingredients had been cooked. The mix was allowed to cool slowly 
overnight and was frozen 20-30h later. Around 700 people were 
affected by a staphylococcal toxin, which developed during this period. 

A major outbreak of typhoid fever occurred during the summer of 
1947 in Aberystwyth, soon after ice cream manufacture was allowed 
again after several years of being prohibited during the war (Evans, 
1947). About 210 cases were reported, including four deaths, and ice 
cream from one particular source appeared to be the common factor. 
It was found that the ice cream manufacturer was an active urinary 
excretor of typhoid bacteria (Salmonella typhi), and specimens from 
him and from patients were shown to be of the same phage type. The 
manufacturer had been ill with typhoid fever in 1938, but on recovery 
he had been declared free of the infection. 

Other cases reported by Hobbs and Gilbert (1978) include a paraty- 
phoid incident at a North Devon holiday resort, where the cause was 
found to be small doses of bacteria (S. pavatyphi) on the hands of the 
ice cream vendor and his wife. A case of Shigellae dysentery is also men- 
tioned, caused by a monkey (in the pets’ corner of a large store) that 
touched an ice cream cornet being eaten by a child. Shigella$exneri 
1032 was isolated from a stool specimen after the child became ill, and 
it was also found in a specimen from the monkey. The infective dose in 
this case was probably that transferred by the animal’s paw, and thus 
there had been little or no time for an increase in the number of 
organisms. 

Between 1950 and 1955, there were 11 outbreaks of food-borne 
disease in the United Kingdom due to the consumption of ice cream 
and ice lollies involving salmonellae, two involving staphylococci and 
six of unknown cause. Since 1955, only a few outbreaks from ice cream 
have been reported. This decline is almost certainly due to the fact that 
the heat treatment regulations, which were first introduced in 1947, 
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TABLE 6.5. Recent Outbreaks of Food-Borne Disease Caused by the Consumption 
of Ice Cream 

Type of Frozen Dairy 
Product Year Manufacture Pathogen 

Ice cream 1989 Belgium Listeria monocytogenes 
Ice cream 1992 South West England Salmonella enteritidis 
Ice cream 1993 Wales Salmonella enteritidis 
Ice cream products 1994 Minnesota, United States Salmonella enteritidis 

Country of 

became really effective from 1950 onwards. In addition, inspections by 
local health authorities have played a major role in improving the 
hygienic quality of ice cream and related products. 

6.9.2 Recent Disease Outbreaks 

One of the most serious outbreaks of food-borne infection during the 
last 20 years was attributed to Salmonella enteritidis contamination of 
ice cream products (see Table 6.5) manufactured in the United States. 
Epidemiologists from the Minnesota Department of Health calculated 
that 29,100 Minnesotans became ill after eating ice cream and up to 
approximately 224,000 people in the United States were infected 
(Vought and Tatini, 1998). Investigations revealed that cross- 
contamination of a pasteurized ice cream premix occurred during 
transport in tanker trailers that had previously hauled nonpasteurized 
liquid eggs containing S. enteritidis. 

According to Djuretic et al. (1997), 2 out of 20 general outbreaks 
associated with the consumption of milk and dairy products between 
1992 and 1996 in England and Wales were reported as associated with 
ice cream. Salmonella enteretidis PT4 infection was the cause in both 
cases. In the first case (September 4, 1992 in South West England), a 
commercial ice cream served in a hotel was probably contaminated and 
stored at the wrong temperature; the second one (February 6,1993 in 
Wales) was the result of using raw shell eggs in the manufacture of ice 
cream. For the second outbreak, it has been suggested that because the 
attack rate was high and the incubation period relatively short, a large 
inoculum of Salmonella was the cause (Dodhia et al., 1998). 

The higher severity of illness from the multistate outbreak in the 
United States as compared with the English outbreak, because both 
cases involved Salmonella enteritidis in ice cream, was possibly due to 
the virulence characteristics of the different strains. The phage type 
involved in the US outbreak was type 8, while type 4 was found in the 
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homemade ice cream in England. Vought and Tatini (1998) found that 
the former page type caused illness with a very low number of cells (no 
more than 25). 

Finally, a sporadic case of listeriosis has been reported in Belgium 
(Andre et al., 1990). A 62-year-old man, apparently immunocompro- 
mised, had consumed ice cream containing 104cfu g-' of Listeria mono- 
cytogenes serovar 4b. 

6.10 OCCURRENCE OF PATHOGENS IN ICE CREAM 

Although the reported cases of food-borne diseases appear to have 
been limited over the last 20 years, the presence of potentially patho- 
genic bacteria in ice cream and related products is not rare. 

During the FDA Dairy Initiative Microbiological Surveillance Pro- 
gram (1 986-1987). Listeria monocytogenes was isolated from 3.03%, 
3.03% and 8.55% of samples of ice milk, ice cream, and ice cream 
novelties, respectively (Ryser, 1999). 

Consequently, a large number of voluntary recalls of dairy products 
possibly contaminated with Listeria monocytogenes were issued in the 
United States after the FDA DIMS Program. More than 10,200 tonnes 
(48 recalls) of ice creams, ice milks, sherbets, ice cream novelties, 
and frozen yogurts were recalled from July 1986 to March 1998 (see 
Table 6.6). 

A national survey in England and Wales for the presence of Listeria 
spp., carried out by the Public Health Laboratory Service (PHLS), 
showed that the occurrence of L. monocytogenes in ice cream was 2%, 
whereas Listeria spp. other than L. monocytogenes were found in 1.3% 
of the ice cream samples (Greenwood et al., 1991); all isolations were 
obtained by enrichment cultures only. 

In another study, a total of 2612 edible ice samples were examined 
by PHLS laboratories under the 1993 European Community Coordi- 
nated Food Control Programme (ECCFCP) (Nichols and de Louvois, 
1995). The results showed that edible ices sold in England and Wales 
were generally of good microbiological quality; 100% of the branded 
ice cream bars and cones and over 99% of the ice lolly and sorbet sam- 
ples met the microbiological targets for hygienic manufacture (Ice 
Cream Alliance and Ice Cream Federation, 1995). In addition, 90% of 
hard ice cream and 77% of soft ice cream had satisfactory aerobic plate 
counts (APCs). Both hard and soft ice cream samples were found to 
be Listeria monocymgenes positive (0.2%); the detection of Salmonella 
spp. in one of the 1000 hard ice cream samples (0.1%) suggests that 
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TABLE 6.6. Reported Recalls Issued in the United States of Frozen Dairy Products 
Contaminated with L. monocytogenes 

Type of Frozen Year of 
Dairy Product Recall State of Manufacture Quantity 

Ice cream bars 
Ice cream, sherbet 
Ice cream, ice milk, sherbet 

and gelati products 
Ice cream and ice cream 

novelties 
Ice cream 
Ice cream 
Ice cream, ice milk, sherbet 
Ice cream 
Ice cream, ice milk, sherbet 
Ice cream nuggets 
Ice cream, ice milk 
Chocolate ice cream 
Ice cream nuggets 
Ice cream novelties 
Ice cream bars 
Ice cream, sherbet, ice milk 
Ice cream pies 
Ice cream 
Ice cream bars 
Ice cream bars 
Ice cream bars 
Ice cream 
Ice cream novelties 
Ice cream, ice milk 
Ice cream, ice milk 
Ice cream bars 
Ice cream bars 
Ice cream, frozen yogurt, 

sherbet, sorbet, ice 
cream mix 

Ice cream 
Frozen yogurt 
Ice cream, sherbet 
Frozen strawberry yogurt 
Ice cream bars 
Ice cream 

1986 
1986 
1986 

1986 

1986 
1986 
1987 
1987 
1987 
1987 
1987 
1987 
1987 
1987 
1987 
1988 
1988 
1988 
1988 
1989 
1990 
1990 
1991 
1991 
1992 
1993 
1994 
1995 

1995 
1995 
1996 
1997 
1997 
1998 

Virginia 
Wisconsin 
Minnesota 

Iowa 

New York 
West Virginia 
Iowa 
New York 
California 
Maryland 
Nebraska 
Kentucky 
Maryland 
Ohio 
Ohio 
Ohio 
Connecticut 
Pennsylvania 
New York 
Wisconsin 
New Mexico 
Ohio 
Tennessee 
Illinois 
Wisconsin 
Ohio 
Wisconsin 
Ohio 

California 
Ohio 
Ohio 
Pennsylvania 
Texas 
North Carolina 

Large but unknown 
30,280 liters 
-3.7 million liters 

Unknown 

-3,160 liters 
1,703 liters 
-3.7 million liters 
-1,196 liters 
-227,100 liters 
20,400 boxes 
-113,550 liters 
-3,652 liters 
Unknown 
Unknown 
51,780 bars 
>4,099 liters 
1,700 pies 
813 liters 
-465 liters - 1,381 liters 
-3,785 liters 
-2,945 liters 
Unknown 
28,611 liters 
-4,258 liters 
34,752 bars 
632 liters 
-1,589,700 liters 

>1,892 liters 
-46,862 liters 
-10,840 liters 
-159 liters 
29,814 cases 
492,050 liters 

Source: After Ryser (1 99Y), 
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commercially produced ice cream may still occasionally be a potential 
cause of food-borne disease (Nichols and de Louvois, 1995). 

More recently, 1246 soft ice creams from fixed premises and mobile 
vendors were examined by 39 PHLS and 11 non-PHLS laboratories 
in England, Wales, Scotland, and Northern Ireland between August 
and October 1997 (Little and de Louvois, 1999).This study showed that 
74% of the soft ice cream samples were of acceptable microbiological 
quality. However, 26% of the samples, mainly from mobile vendors, 
were classified, using published guidelines, as unsatisfactory (Little 
and de Louvois, 1999). SalmoneZla spp. were not found in any of the 
1219 samples examined, but L. nzonocytogenes was detected in 10 out 
of 1204 soft ice cream samples. It should be noted that no recall of ice 
cream and other frozen dairy products has been reported in the United 
Kingdom. 

In a surveillance of the incidence of pathogenic psychrotrophs in ice 
creams in Mumbai, India, all samples were found to be free from Sal- 
monella, whereas 53% of the packed and 100% of the open ice creams 
exhibited Listeria contamination (Warke et al., 2000). In Australia, 23 
of 166 samples (13.9%) of ice cream samples were found to be posi- 
tives for L. monocytogenes; the incidence was 2% in Costa Rica and 
10% in Turkey (Ryser, 1999). 

6.11 MICROBIOLOGICAL STANDARDS 

Due to the frequent presence of Listeria spp., a considerably high 
number of recalls of ice cream and related products has been re- 
ported in the United States during recent years. This is probably due 
to the fact that the US Government has adopted the most stringent 
policy regarding the presence of L. monocytogenes in ice cream: zero 
tolerance. 

France, Germany, and the Netherlands accept up to 10Ocfug-'. 
Denmark has established a zero tolerance for foods that have received 
a listericidal treatment after packaging: If >10 cfug-' are found, correc- 
tive HACCP actions are required; if the level is >100cfug-', the prod- 
uct is recalled. Italy has a zero tolerance policy, whereas in the United 
Kingdom, <lo0 cfug-' of L. monocytogenes is considered fairly satis- 
factory, whereas 100-1000 cfu g-' is unsatisfactory and >lo00 cfu g-' is 
unacceptable (Gravani, 1999). In Canada, the criteria for L. monocy- 
togenes in ready-to-eat foods are composed of three categories: 
Category 1, ready-to-eat foods causally linked to listeriosis (Action 
level >Ocfu 5Og-'); Category 2, all other ready-to-eat foods supporting 
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growth of L. monocytogenes with refrigerated shelf life of >10 days 
(Action level >O cfu 25 g-'); Category 3, ready-to-eat foods support- 
ing growth of L. monocytogenes with refrigerated shelf life of 4 0  days 
and all ready-to-eat foods not supporting growth (Action level 
ll0Ocfu g-I), depending on the plants Good Manufacture Practice 
(Farber and Harwig, 1996). 

Recently, the E C  have adopted microbiological criteria for milk- 
based products, including ice cream, in the Milk and Milk Products 
Directive (see Table 6.7). 

A microbiological criterion for foodstuffs defines the acceptability 
of the process, product, or food lot based on the absence or presence, 
or number of microorganisms and/or quantity of their toxins/metabo- 
lites, per unit(s) of mass, volume, or area (Anonymous, 1992). Two main 
categories of microbiological criteria are generally applied: 

1. Microbiological Standards. Mandatory criteria included in the 
legislation or regulations where failure to comply with them can 
result in rejection of the food. 

TABLE 6.7. Microbiological Criteria for Ice Cream and Related Products 
Suggested by the EU Committee 

Compulsory Criteria: Pathogenic Microorganisms 

Listeria monocytogenes Absent in 1 g  
Salmonella spp. Absent in 25 g"in = 10, c = 0 

Analytical Criteria: Organisms Indicating Poor Hygiene 

m M n C 

Staphylococcus aureus 10 100 5 2 

Indicator Organisms: Guidelines 

m M n C 

Coliforms 30°C 
Plate count 

10 100 5 2 
1 0' 5 x 105 5 2 

"The 25-g sample to consist of five specimens of 5g taken from different parts of the same product. 
n = number of sample units in the sample. 
c = number of sample units where the bacterial count may be between m and M .  
m = threshold value: the result is satisfactory if the number of bacteria in all sample units does 
not exceed mcfug-'. 
M = maximum value for the number of bacteria: the result is unsatisfactory if the number of 
bacteria in one or more units exceeds Mcfug-'. 

Source: After Anonymous (1992). 
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2. Microbiological Guidelines. Criteria included in legislation or 
regulations which are intended to guide the manufacturer and 
help to ensure good hygienic practice. 

Members of the EC have been required to incorporate this legisla- 
tion into their national regulations since January 1,1994. 

The Scientific Committee on Veterinary Measures Relating to Public 
Health (1999) examined the E C  microbiological criteria and whether 
they should be retained, modified, or deleted. 

The Committee suggested that there should be: 

1. Separate mandatory (e.g., pathogens) and guideline (e.g., indica- 
tor) criteria 

2. A limit on the number of criteria that are not relevant to con- 
sumer protection 

3. Better uniformity 

For the frozen dairy products, including ice cream, the Committee 
proposed deletion of the criteria for pathogenic bacteria. Furthermore, 
they proposed deletion of the plate count at 30°C and replacement of 
the coliform test with a test for total Enterobacteriaceae. 

Accordingly, the IFST Professional Food Microbiology Group has 
published an extended discussion of the development of microbiolog- 
ical criteria for foods (Anonymous, 1997); a division into two categories 
is proposed (see Table 6.8). 

TABLE 6.8. Microbiological Criteria Suggested by the IFST for Dairy Products, 
Including Ice Cream 

Organism GMP Maximum 

Pathogens 

Snlnionelkr spp. ND in 2Smlig ND in 25 mlig 
L istcria t n  on ocy togen es ND in 2Smlig 10'cfu g ~ '  
St(iph?'lo(.oc(.iis n i i r e i r ~  <20 cfu g-' lo' cfu g-' 

In rli c nto r nn d S p  o i  kige O r g m  LJ nu 

ColitormsiEnterobacteriaceae <10cfug 
Eschcmc hrri colr <lOcfug ' 

10'cfug ' 
10'cfug I 

GMP, target expected immediately following production undcr good manukicture practice. 
ND. not detected. 

Sorrrcc.: After Anonymous ( I  Y97). 
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In the United States, there are no federal standards for the APC, 
but some health authorities set a maximum of 50,000cfug-’ (Marshall 
and Arbuckle, 1996). For coliform counts, the standards are almost uni- 
formly at a maximum of 10cfug-’ for both pasteurized ingredients and 
the finished ice cream product. 

In countries where a maximum count is applied, problems can arise 
if a sample contains more than the “permitted number” of organisms, 
particularly in borderline cases, as to whether the sample should be 
condemned or not. Normally, such ice cream should be subjected to 
further investigation. 

In addition to the microbiological criteria for the final product, cri- 
teria for surfaces in contact with the product (using swabs) have been 
published by Ice Cream Alliance and Ice Cream Federation (1995) as 
shown in Table 6.9. 

6.12 MICROBIOLOGICAL QUALITY OF 
FROZEN DAIRY PRODUCTS 

Published reports on the bacteriological conditions of ice cream in 
some countries show that there is a wide variation both in the micro- 
biological quality of the products examined and in the overall standards 
of hygiene. In addition, wide variation exists in the microbial popula- 
tions of different frozen dairy products and also within a single product. 

TABLE 6.9. Microbiological Criteria for Surfaces in 
Contact with Food Products 

rn M n C 

APC 10 100 5 2 
Coliforms 0 10 5 2 
Escherichin coli 0 0 5 0  
Stuphylococcus uureiis 0 0 5 0  
Listerin rnonocytogenes 0 0 5 0  

n = number of ynmple units in the sample. 
c = number of sample units where the bacterial count may be 
between ni and M .  
rn = threshold value: the result is satisfactory if the number of 
bacteria in all sample units does not cxceed mcfu lOOcm *. 
M = maximum value for the number of bacteria; the result is 
unsatisfactory if the number of bacteria in onc or more units 
exceeds Mcfu 100cn~2 .  

Source: After Ice Cream Alliance and Ice Cream Federation 
( 1  995). 
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A study of 100 samples of ice cream in India showed poor bacterio- 
logical quality with a high incidence of Staphylococcus aureus con- 
tamination (Ramakrishnan et al., 1986). Only 10% conformed to 
the standard for total count (25 x 105cfug-') and coliforms (less 
than 90cfug-'), and all samples had more than the limit of S. aiireiis 
(100cfug-'). Also in India, Shrestha and Sinha (1987) found that 33 out 
of 43 samples of ice cream had coliform counts in excess of the Indian 
specification, and they stressed the need for greater care to prevent 
contamination with coliforms during processing. Similarly, the results 
of a more recent study showed that a considerable number of ice cream 
samples (55-81 YO). marketed in Tirupati, India, exceeded the standard 
of 9Ocfug ' for coliform counts (Reddy et al., 1994). 

In addition, the coliform counts of ice cream samples in Mumbai, 
India were found to be 10- to 100-fold higher than the safety limits pre- 
scribed by the Indian Standards Institute (90cfug for coliforms) 
(Warke et al., 2000). While Salr?zonc~lla spp. were not detected in any of 
the 30 samples tested, 53% of the packed and 100% of the open ice 
creams exhibited Listeria contamination. 

The bacteriological quality of soft-serve mixes and ice cream 
in Louisiana was investigated by Ryan and Gough (1982) over a 21- 
month period. Two hundred and fifty-two samples of mix were tested, 
and 10.71% were found to contain more than 50,00Ocfug-', and 7.54% 
contained more than 10 coliform cfug-'. The ice creams tested num- 
bered 817, out of which 38.55% contained more than 50,000 bacteria 
g-', and 51.22% contained more than 10 coliforms g-'. It would 
appear from this investigation that the soft-serve or dispensing 
freezer is relatively difficult to maintain in a satisfactory hygienic 
condition . 

In  a more recent study, carried out by the PHLS, a total of 2612 
edible ice cream and ices were examined. It was found that 6% had 
APC >10"cfug-', while less than 1% of samples contained Staphylo- 

1s N L I Y ~ ~ I S  at between 10' and 10'cfug-' and Bacillus crreus at 
between 10' and lO'cfug--'. Escherichia coli was detected in 3% of the 
samples and was present in excess of 10'cfug' in 1% (Nichols and de 
Louvois. 1995). 

In addition, Little and de Louvois (1999) reported the microbiolog- 
ical quality of soft ice cream (1246 samples) in the United Kingdom. 
Some soft ice creams (41 Yo) had APC <lOJcfu g-', Enterohacteriaceae 
< 10 cfu g', and StLrphylococcus aureus <20 cfu g', 33 '70 had APC at 
lO'-lO'cfug-', Enterohacteriacear at lO-lO'cfug-', and S. aiireiis at 
20-1 0'cfug-', and 26% had APC 21O5cfug-', Enterobacteriacene 
210'cfug-', and S. m m x s  at 10'-1O'cfug-l; 1% were found to be unac- 
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ceptable andlor potentially hazardous due to the presence of S. aureus 
in excess of 1 O4 cfu g-'. 

Although the microbiological quality appeared to vary widely 
between the samples, a significant proportion of the samples tested 
were found to be unsatisfactory. 

Therefore, it is indicated that the hygienic practices applied to the 
manufacture of these products continue to give some cause of concern, 
despite the fact that outbreaks of food poisoning or food-borne in- 
fection caused by ice cream and related products are nowadays very 
rare. 

6.1 3 
QUALITY OF ICE CREAM 

FACTORS THAT AFFECT THE MICROBIOLOGICAL 

Many factors affect the microbiological quality of the finished pro- 
duct, including the relatively complex manufacturing process and the 
equipment that are used for the processing. These factors include those 
described in the following three sections. 

6.13.1 The Raw Materials 

There should be very few problems caused by high numbers of organ- 
isms being introduced into the mix by the raw materials, provided that 
they have been handled and stored under satisfactory conditions-for 
example, frozen or refrigerated as appropriate. Liquid milk, cream, 
and skim-milk concentrate should have been subjected to adequate 
heat treatment by the supplier and, if kept under refrigeration and used 
promptly, should be quite satisfactory. If processing is being carried out 
on a farm, the milk should be that produced at the latest milking. Skim- 
milk powder may, on occasion, contain numbers of Bacillus cereus; and, 
although this is not a major health hazard, it is preferable that the 
numbers are as low as possible. Bacilli reduce methylene blue rapidly 
and can produce clotting in milk; and because they can grow at rela- 
tively low temperatures, they may, in extreme cases, cause spoilage of 
the mix. In addition, Listeria monocytogenes may survive the typical 
spray-drying process (Doyle et al., 1985), and thus dried milk may serve 
as a source of Listeria. 

Granulated sugar, as well as other dry sugars such as dextrose, should 
be almost sterile, and the only organisms that may normally be present 
are small numbers of yeasts. Sugar syrups, whether sucrose, corn syrups, 
or mixtures of these, or lactose and whey syrups, again may contain 
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some yeasts, especially when the concentration of solids in the syrup is 
low. It must be remembered, however, that osmophilic yeasts may be 
able to grow in these syrups, and molds may grow on the surface if con- 
tamination should occur. It is suggested that tests for yeasts should be 
made on bulk deliveries of sugar and sugar syrups. Typical manu- 
facture's maximal standards for microorganisms in syrups are: APC, 
100cfug'; yeasts, 2Ocfug-'; molds, 20cfug-'; Escherichia coli absent in 
30g and Salmonella absent in 1OOg (Marshall, 1998). 

Butter and anhydrous milk fat (butter oil) are products made under 
careful control, from cream that has been heat treated at a relatively 
high temperature. 'Therefore, a very high microbiological quality is to 
be expected, and spoilage is usually the result of chemical changes 
producing rancid and other off-flavors. Tests for yeasts, molds, meso- 
philic bacteria, coliforms, and the presence of lipophylic organisms 
should be curried out, however. In particular, the presence or absence 
of Pseudomonas fragi should be noted, as this organism can cause un- 
pleasant taints in butter. 

Butter should preferably be stored at a temperature of no more than 
-20°C and, as for all the other ingredients, careful stock control should 
ensure the proper rotation. 

Vegetable fats are normally made by processes that involve high 
temperatures, particularly during the refining and deodorizing pro- 
cesses. They contain almost no moisture and, therefore, should con- 
tain very few organisms indeed. 

Stabilizers and emulsifiers should not present any problems; but 
gelatin, as an animal product, may be a hazard and, like all the other 
ingredients that are used in ice cream manufacture, should be obtained 
from a reputable supplier and be kept quite cool and dry. In addition, 
it is likely that certain stabilizers increase the heat resistance of ther- 
motolerant bacteria (Holsinger et al., 1992). 

Many other foodstuffs are added to ice cream, either mixed with it  
or as coatings. These include fruits [either canned, fresh, or frozen (in 
concentrated sugar syrup)], nuts, chocolate, broken biscuit, colors, and 
flavors. Most of these should be of a satisfactory microbiological stan- 
dard, particularly canned fruits, but fresh and frozen fruits may contain 
yeasts; nuts may be infected with molds (with the risk of aflatoxin for- 
mation): and desiccated coconut may be a hazard because it can be con- 
taminated by salmonellae and should be heat-treated. The examination 
of these materials should include a visual inspection and the enumer- 
ation of mesophilic bacteria, coliforms, yeasts, and molds. 

Eggs are usually added for their emulsifying and stabilizing proper- 
ties; but because raw eggs can be contaminated with salmonellae and 
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other pathogens, only pasteurized eggs must be used if they are added 
after the heat treatment of the ice cream mix. The pasteurized egg 
products should meet the following standards: APC <10,000 cfu g-', coli- 
forms <lOcfug-', yeast and molds <ZOcfug-', and Salmonella spp. absent 
in 2Sg. 

Colors may become infected by careless handling, and this must be 
avoided by maintaining good management control. Flavors are nor- 
mally added to the mix after it has been heat treated, and so they must 
also be handled with great care to avoid contamination. In common 
with all the other ingredients, they should be stored in cool, dry 
conditions. Some additives (e.g., cinnamon) may have antimicrobial 
properties against food-borne pathogens. 

Air that incorporated into the ice cream may be a source of conta- 
mination. Therefore, it is of crucial importance that the air be processed 
(i.e., filtered) so as to ensure that no contamination can be attributed 
to the introduction of air. 

Finally, the packaging material should be obtained from a reputa- 
ble supplier and subsequently handled and stored under appropriate 
conditions. 

6.13.2 The Efficiency of Processing 

Because ice cream mix is a heat-treated product, its quality will depend 
on the manner in which the processing equipment is operated and 
maintained. The heat treatment applied to the ice cream mix (e.g., 
71.7"C for at least 1Smin) is more severe than the pasteurization of the 
milk (at least 71.7"C for 15s); as a consequence, the destruction of the 
microflora in the mix is more severe too. Most countries have legal 
requirements for heat treatment conditions (see Table 6.10), and these 
must, obviously, be adhered to. Holder processing in vats has a greater 
safety margin than short-time processing, but it is essential that the 
time of holding be strictly observed in all cases. In many designs of 
equipment this is under manual control, so management must ensure 
that the time and temperature are being monitored. In the case of 
continuous-operation plate heat exchangers, the time depends on the 
design of the plant and the rate of flow of the mix. This should be set 
on installation and must not be altered. 

The whole process, including the rate of cooling of the mix to below 
7.2"C and keeping it below that temperature until it is frozen, must be 
carefully monitored by management. Recording thermometers must be 
installed not only on the processing equipment but also on the storage 
vats and must be regularly checked for accuracy. 
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TABLE 6.10. Microbiological Tests for the Microbiological Examination of Ice 
Cream and Related Products 

Microbiological Test Method 

Aerobic Plate Count a! 30°C 

Enumeration of coliforms 

Enumeration of Esclzerichici coli 

Enumeration of yeasts and molds 

Enumeration of Staphy1r1coccii.s aiireu.~ 

Detection of Salmonella spp. 

Detection of Listeriu nionocytogenes 

Methylene Blue Test 

IDF Standard 100B, (IDF, 1991) 
BS 4285, Section 2.1 (BSI. 1990b) 

IDF Standard 73A (IDF, 198Sb) 
BS 4285, Section 3.7 (BSI, 1987a) 

IDF Standard 170A, Part 1 (Most 
Probable Number Technique) (IDF. 1999) 

IDF Standard 170A, Part 2 [Most 
Probable Number Technique Using 4- 

Methylumbelliferyl-P-D-glucoronide 
(MUG)] (IDF, 1999) 

IDF Standard 170A, Part 3 (Colony 
Count Technique at 44°C using 
membranes) (IDF, 1999) 

IDF Standard 94B (IDF, 1990a) 
BS 4285, Section 3.6 (BSI, 1990b) 

IDF Standard 145 (IDF, 1990~) 
BS 4285, Subsection 3.10.1 (BSI, 1990e) 

IDF Standard 93A (IDF, 1985a) 
BS 4285, Subsection 3.9.1 (BSI, 1987b) 
BS 4285, Subsection 3.9.2 (BSI, 1992) 
(Screening method using electrical 

IDF Standard 143 (IDF, 1990b) 

BS 4285, Section 5.2 (BSI, 1989) 

conductance) 

Ice cream mix has been shown (e.g., Holsinger et al., 1992) to give 
greater protection to microorganisms than milk. These authors found 
that the D values at 54.4"C of Listeria monocytogenes in ice cream mix 
were approximately four to six times (depending on the concentration 
of the stabilizer) those obtained in milk. This further stresses the 
importance of following the legal requirements covering the time and 
temperature of the heat treatment process used. 

6.13.3 Hygiene 

In addition to the careful operation of the equipment, it is most impor- 
tant that the plant be properly cleaned and disinfected, in accordance 
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with the relevant documentation. This is essential, not only to fulfill the 
legal requirements but also to increase the efficiency of the equip- 
ment and reduce the risk of contamination of the product. Not only 
is the processing equipment important, but ancillary equipment, in par- 
ticular at the final sales point, must be kept in a satisfactorily hygienic 
condition. 

Any contamination that may occur during the handling of ingredi- 
ents, packing materials, and the product during processing and distrib- 
ution must be eliminated, or kept to the very minimum. Occasional 
sources of trouble are the packaging materials, but these are initially 
produced to a very high standard; if problems arise, it is usually because 
they have not been handled and stored properly. 

Probably the most important and dangerous source of contamina- 
tion is the operative. Ice cream mix will be heat-treated in enclosed 
equipment and will be frozen with the very minimum of handling. Then, 
during the final stages of packaging and at the retail selling point, it will 
be subjected to many opportunities for human contamination. The per- 
sonal hygiene and habits of all in the factory (whether it is large or 
small) and at sales points must be above reproach. Education, in addi- 
tion to medical inspection, is necessary; and if an operator is unwell for 
any reason, he or she must not be allowed to work without full medical 
clearance. Many major food poisoning outbreaks have been caused by 
human contamination. Similarly, all animals, such as birds-and, in par- 
ticular, rodents and insects-must be rigorously excluded. A contract 
for the control and eradication of these by a reputable firm is strongly 
recommended. “Pet” animals, such as dogs and cats, similarly have no 
place in a food production factory. 

The method of sale has a major bearing on the amount of contami- 
nation to which the product is subjected. Ice cream which is sold pre- 
packed in single retail portions, and which has only to be handled by 
the consumer during unwrapping, should have the least contamination 
of all. In complete contrast to this is the sale of ice cream in cones, 
as well as other individual portions scooped from bulk ice cream. 
Here there is a possibility of considerable contamination, unless all the 
equipment used (servers, etc.), the method of dispensing, and the per- 
sonal hygiene of the operator are all of a very high standard. Wherever 
possible, the scoops and other serving equipment should be allowed to 
stand in a stream of running, pure, cold water, so that any ice cream 
residues are quickly removed. In the case of running water not being 
available, the scoop water and disinfectant solution should be changed 
a t  least once every hour, as recommended by the Milk Marketing 
Board (United Kingdom) (Wilson et al., 1997). 
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Soft-serve ice cream, which is sold directly from a special dispensing 
freezer, may also prove a hazard unless the most stringent precautions 
are taken. However, there are now special self-pasteurizing dispensing 
freezers available, which eliminate the need for daily cleaning and dis- 
infecting (see Section 6.7). In these, at the end of each day’s operation, 
or other convenient time, the freezer is placed in the “self-pasteurize” 
mode, and all the mix and every part of the freezer that can come into 
contact with ice cream or mix is raised to a temperature above that 
required for pasteurization of the mix and is held at that temperature 
for the legally required time. The freezer and its contents are then 
cooled rapidly to about 4°C and held at that temperature. Tests have 
shown that there is little or no increase in the bacterial content of the 
product over a period of more than a week, and that there is little or 
no discernible flavor change over this period. Various safeguards are 
incorporated; for example, if power is cut off for any reason during the 
“self-pasteurization” cycle, the whole cycle will recommence from the 
very beginning. 

The equipment that is most difficult to clean and disinfect includes: 
(a) the freezers, although the latest and largest are now designed for 
cleaning-in-place (CIP); (b) homogenizers, which have many parts and 
intricate passages for the mix to flow through, though here again the 
modern types are suitable for CIP; and (c) mix holding tanks and the 
tanks used for the storage of raw materials. 

A strict cleaning and disinfecting regime for the freezer must be in- 
stituted and performed thoroughly each day. The sequence of opera- 
tions for the cleaning (removal of residues of fat, sugar, milk solids, 
etc.) and disinfecting (removal of microorganisms) of other equip- 
ment will differ in detail according to the type and size of the equip- 
ment. One sequence that is often adopted on large plants is as 
follows: 

1. The plant is thoroughly rinsed with warm water until no more ice 

2. The plant is then dismantled. 
3. Washing with detergents and physical methods of cleaning as 

appropriate. 
4. Reassembling. 
5. The plant is rinsed with clean water; the temperature depends on 

6. Disinfecting. 
7. Final rinsing, draining, and then leaving the equipment to dry. 

cream appears to be being flushed out. 

the type of equipment. 
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If large-scale equipment is used, the method of cleaning may involve 
CIP, provided that the whole of the plant to be cleaned by this method 
has been designed specially for this system. In this case, dismantling of 
the plant will not be required, the whole operation will be automated, 
and, in most cases, the results obtained are better than when hand- 
washing is carried out-partly because the risks of contamination are 
reduced, and partly because the whole sequence of operations will have 
been designed to give the best results with the most efficient use of 
materials and energy. 

In the case of saw material storage tanks, it is suggested that the 
tanks holding milk or milk concentrates should be thoroughly cleaned 
and disinfected each day; sugar syrup tanks at least once every 14 days, 
or each time the tank is emptied; fat tanks as often as possible to avoid 
the mixing of old fat (which may rapidly oxidize as the fat is kept at a 
relatively high temperature so that it is liquid) with new fat (these tanks 
must be completely dry before the new fat is allowed in); and choco- 
late tanks, where probably only hand-washing may be possible in order 
to remove the chocolate completely. Here again, problems may arise if 
the tank is not properly dried before it is used again. 

Batch heat treatment vats and HTST and UHT plants are cleaned 
in the same way as milk or cream processing plants, and a suitable 
approach is described in the BS 5305, Section 7 (1984). 

Detergents and disinfecting agents suitable for use in the dairy and 
ice cream industry have been described, together with recommen- 
dations for their use, in the British Standards Code of practice for 
cleaning and disinfecting of plants and equipment used in the dairying 
industry [BS 5305, Section 3: Disinfection and Chemical Agents (BSI, 
1984)]. 

Moreover, the quality of the water used for cleaning the equipment 
is crucial.The use of soft or softened water is a must, because high levels 
of salts (calcium and magnesium) form films on the equipment; these 
films can absorb organic material from the milk and thus form an 
organic deposit. 

Aerosols in the manufacture of frozen dairy products provide 
another possible contamination point. It is suggested that high-pressuse 
sprays should not be used in the processing area; these are usually 
used for floors and drains, and the resulting aerosols may crosscon- 
taminate the final product or some food-contact surfaces. Air filters 
are strongly recommended, and these should always be clean, dry, 
and regularly inspected. It should be noted that the maintenance 
of positive air pressure in the manufacturing area is highly 
desirable. 
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The main problem with contaminants-such as Listeria monocyto- 
genes, which can survive and/or grow on organic soil in the moist envi- 
ronment of the dairy plant-is that the organism can adhere to the 
food-contact surfaces and form biofilms (Gravani, 1999). Therefore, it 
is crucial that all areas within the processing line should be kept dry 
and free from any food residues. 

6.14 BACTERIOLOGICAL CONTROL 

The obvious intention of any bacteriological control is to ensure that 
the product reaches the consumer in a satisfactory condition. In addi- 
tion, the manufacturer needs to meet the regulations in existence and, 
furthermore, minimize spoilage losses. This is particularly difficult in 
modern factories, where products are becoming more and more 
complex-for example, with coatings or layers that contain nuts or con- 
fectionery items. 

In those countries where standards do exist, bacteriological control 
will involve the use of tests, as established by regulations in existence, 
to check on the ice cream. 

In the United Kingdom, the methylene blue test (MBT) [BS 4285: 
Section 5.2 (BSI, 1989)] has been used by local health authorities for 
many years. It is a very useful laboratory test for monitoring ice cream 
hygiene for public health purposes. However, it cannot be used as a 
measure of quality. but only as a simple and cheap test for monitor- 
ing the safety of ice cream in a country using statutory heat treatment 
regulations (Barton, 1981). However, this test is no longer considered 
appropriate to monitor the safety and quality of ice cream, due to 
several problems arising from the presence of coloring additives (par- 
ticularly chocolate and chocolate products) in ice creams which may 
interfere with the determination of the end point of the MBT. In addi- 
tion, reliance on the MBT does not permit bacterial numbers to be 
determined, nor the absence of specific pathogens (Casemore et al., 
1992). It must be pointed out, though, that very few, if any, general tests 
can distinguish pathogenic organisms, and certainly the standard total 
colony count does not. 

Methods for the microbiological examination of frozen dairy prod- 
ucts are described in the British Standard 4285 (which consists of 
five parts), in the Standard Methods for the Examination of Dairy 
Products (American Public Health Association, 1993), and in the IDF 
Standards (see Table 6.11). 
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TABLE 6.11. Pasteurization Requirements in the Countries Indicated 

Country Heat Treatment Requirements 

Austria 

China 

Denmark 

Finland 72°C for 15s 

France 

70°C for 10min or equivalent within 1 h of preparation 

78°C for 20min, then cooled to 60°C to homogenize 

At least 65°C for 30min within 1 h of mixing ingredients 

60-65°C for at least 30min 

Hong Kong 

India 

66°C for not less than 30min 
71°C for not less than 10min 
79°C for not less than 15 s 

68.3"C for at least 30min 
79.5"C for at least 25 s 

Italy 

Japan 

Portugal 

United Kingdom 

64°C for 30min or equivalent 

68°C for 30min or equivalent 

65°C for at least 30min 

65.6"C for at least 30min 
71.7"C for at least l0min 
79.4"C for at least 15 s 
148.8"C for 2s 

United States 68°C for 30min 
79°C for 25 s 

Source: After ICMSF (1998) 

The colony count method for coliform organisms is of considerable 
importance as a control test, because it can produce results within 24h 
of sampling the product. For a full confirmation of the presence of col- 
iform organisms, further testing is necessary. However, using petrifilm 
plates as an alternative to the traditional agar plates, the results for col- 
iforms can be achieved within 4 h of incubation. The confirmed coliform 
colonies appear after 8 h of incubation, but at 4 h there is a very good 
indication of the presence of coliforms; if high numbers of coliforms 
are detected, then postpasteurization contamination has occurred and 
it is beneficial for the company that such contamination is detected at 
4h  rather than at 24h (Stogo, 1998). In addition, the petrifilm technique 
can handle larger volumes that the classical plate count techniques, that 
is 5 or 10ml can be plated, whereas 5 or 10 plates respectively are 
required with the classical technique. 

Coliforms, particularly E. coli, are regarded as an indication of recent 
fecal pollution if they are found in water (they die out rapidly in water); 
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but, in ice cream, as in many other foods, they do not die out, and 
conditions, except in frozen ice cream, are favorable to their growth. 
Almost always, the presence of coliform organisms in ice cream is due 
to contamination from equipment that has not been properly cleaned 
and disinfected, or due to incorrect operation of the heat treatment 
process. Even where the initial infection may have been low, the cells 
will probably have multiplied due to reasonably favorable conditions 
(e.g., they will grow at temperatures above 7°C). In all cases where the 
presence of coliforms is indicated in the final product, this must be con- 
sidered to be unsatisfactory and is a very bad failing of the plant man- 
agement in its widest sense. 

The test for Enttvvbacteriaceae instead of coliforms is a more sensi- 
tive test for postpasteurization contamination, because the test detects 
all of the heat-sensitive, nonsporing Gram-negative rods and provides 
good evidence that contamination has occurred. In this case, the media 
used for the coliform test must contain glucose instead of lactose [e.g., 
violet red bile glucose agar (VRBGA)]. For coliform counts, the direct 
plating of an ice cream sample on media like violet red bile agar 
(VRBA) may cause some false-positive results, because non-lactose- 
fermenting bacteria may ferment sugars contained in the undiluted 
sample (Matushek et al., 1992). It should be remembered that conta- 
mination with Enterobacteriaceae shows that serious pathogens may 
have contaminated the product as well. 

For the detection of pathogenic organisms, the conventional methods 
involve enrichment by culturing in a selective medium, selective 
isolation on diagnostic media, and subsequent identification-that is, 
confirmation by biochemical and/or serological tests; the approach is 
time-consuming. Gooding and Choudary (1 997) have developed 
a rapid and sensitive method for the detection of enterohaemorrhagic 
E. coli 0 1  57 : H7 by combining polymerase chain reaction (PCR) with 
both culture enrichment and immunomagnetic separation; the method 
can detect a single bacterial cell present in an ice cream sample in less 
than one working day. 

Whatever method of testing is adopted, it is essential that sampling 
be carried out in the proper manner. Sampling procedures are 
described in detail in the IDF Standard 122C (IDF, 1996), British Stan- 
dards 4285, Section 1.1 (BSI, 1984a), and American Public Health 
Association (1993). The frozen products must be kept frozen during 
sampling and shipment to the laboratory, while soft-serve products 
should be maintained at 0 4 ° C .  A representative sample (at least 50g) 
must be aseptically transferred to a sterile wide-mouthed sample con- 
tainer. Problems can arise with composite ice creams, where fruits, nuts, 
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chocolate, and other types of confection are added to the ice cream or 
layered with the ice cream. 

In addition to the assessment of the microbiological quality of the 
raw materials and final product, the efficiency of disinfection of the 
processing plant must be tested. The microbiological state of the dairy 
plant should be routinely monitored. Any variation from the normal, 
regularly obtained results for the APC and coliform tests could indi- 
cate an inefficiency of the cleaning-disinfecting process. The sanitary 
condition of the equipment is determined using the swab test pro- 
cedure. A description of the swab test procedure in included in the 
Standard Methods for the Examination of Dairy Products (American 
Public Health Association, 1993). It is suggested, in addition, that swabs 
of particular areas of equipment are carried out at intervals, and un- 
less particular points of contamination are identified, the swabs should 
be taken at different points on successive occasions. Wherever possi- 
ble, the use of rinses instead of, or in addition to, swabs can be very 
helpful in the examination of equipment. 

Even with the very wide variation that is reported from total counts, 
it is usually possible to state whether an ice cream sample is satisfac- 
tory, doubtful, or unsatisfactory, and the intelligent use and interpre- 
tation of the tests mentioned should enable proper microbiological 
control to be carried out. 

6.15 
ICE CREAM 

HACCP SYSTEM IN THE MANUFACTURE OF 

Several recent reports have been published concerning the implemen- 
tation of HACCP in the manufacture of ice cream and related prod- 
ucts. With such an approach, potential hazards are identified, using a 
completely documented procedure, and control measures are decided. 
A detailed application of HACCP system in the manufacture of a 
flavored ice cream is described by the Ice Cream Alliance and Ice 
Cream Federation (1995). Also, Sandrou and Arvanitoyannis (2000) 
and ICMSF (1998) have identified the critical control points for the 
manufacture of a simple ice cream. 

Although the implementation of a HACCP system is considered 
essential by the retailing companies (Sandrou and Arvanitoyannis, 
2000), it should be emphasized that the HACCP approach cannot 
replace the traditional hygienic practices. However, it can reduce the 
importance of traditional microbiological control based on testing the 
final product. 
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In fact, HACCP is an internationally recognized quality control 
system that focuses on prevention rather than relying on end-product 
testing (Martimore and Wallace, 1998). Implementation of HACCP sys- 
tem should, therefore, give confidence that the product is safe. This is 
particularly important for the ice cream market, which is characterized 
by globalization, because increasing numbers of US products are being 
exported throughout the world, and European products are imported 
in the US market. 

6.16 HYGIENE AT THE FINAL SELLING POINT 

The final selling point is one of the weakest links in the whole chain so 
far as hygiene is concerned. Soft-serve ice cream and ice cream scooped 
from a bulk container is handled, to a greater or lesser extent, by 
necessity. It is here, therefore, that the personal hygiene of the server 
becomes of the utmost importance. This applies even if pre-wrapped 
ice cream is being sold. Cleanliness of hands, clothing, and habits must 
be above reproach, and the operators must be trained in the best ways 
of maintaining this, and in the distribution of the individual portions of 
the ice cream, as suggested by the dairy industry guidelines (Ice Cream 
Alliance and Ice Cream Federation, 1995). 

The equipment servers, wafer holders, and so on, have to be kept 
free of all residues of ice cream, which may melt and allow the growth 
of bacteria to recommence. Wherever possible, these items of equip- 
ment should be kept in running cold water. If they have to be kept 
in a jug of water, this water must be regularly changed to avoid it 
becoming a source of contaminating bacteria. Wilson et al. (1997) 
reported that the opened ice cream served by scooping had the 
microbial load increased by one order of magnitude when com- 
pared with the unopened ice cream, which had APC of around lo3- 
1 o4 cfu ml-' . 

6.17 CONCLUSION 

Despite the fact that several factors are important in the production of 
high-quality ice cream, special emphasis should be placed on certain 
points in the manufacture, namely: 

* Selection of ingredients of high microbiological quality 
- Use of the appropriate heat treatment 
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- Avoidance of postpasteurization contamination 
* Maintenance of hygienic condition during production, storage, and 

distribution and up to the final selling point. 

Because the freezing process will cause little reduction in the micro- 
bial load of the product, a total quality management program is needed 
so that the final product is of the highest microbiological quality. 

It is generally recognized that ice cream and related products are 
nutritious and delicious dairy products, which are now consumed 
worldwide. The limited number of disease outbreaks caused by ice 
cream shows that it is a safe product if certain quality assurance steps 
are followed. 
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CHAPTER 7 

MICROBIOLOGY OF 
STARTER CULTURES 
ADNAN Y. TAMIME 
Scottish Agricultural College, Ayr, Scotland 

7.1 INTRODUCTION 

The major functions of microbial starter cultures in food and dairy 
products may be summarized as follows: 

- To biopreserve the product due to a fermentation that results in an 
extended shelf life and enhanced safety; the production of bacte- 
riocins may also have potential uses as food preservatives. 

* To enhance the perceived sensory properties of the product 
due, for example, to the production of organic acids, carbonyl 
compounds and partial hydrolysis of the proteins and/or 
fats. 
To improve the rheological properties (i.e., viscosity and firmness) 
of the product, and in some instances encourage gas production 
(i.e., eye formation in cheese) or color (white and blue mold or red 
smear). 

- To contribute dietetidfunctional properties to food, such as occurs 
with the use of probiotic microfloras. 

However, the preservation of food by fermentation is one of the 
oldest methods known to humankind (see the reviews by Hammes, 
1990; Mittal, 1992; Stiles, 1996). Throughout the world, around 400 and 
3500 names are applied to traditional and industrialized fermented 
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milk products and cheeses, respectively (Kurmann et al., 1992; Masui 
and Yammada, 1996; Robinson and Wilbey, 1998). These products may 
have different local names, but they are practically the same. Never- 
theless, when taking into account the microbial species that domi- 
nate(s) the microflora, a more accurate list would only include a few 
varieties. Tamime and Robinson (1999) have reported that fermented 
milks can be divided into three broad categories based on the meta- 
bolic products (e.g.. lactic fermentations, yeast-lactic fermentations and 
mold-lactic fermentations; see Chapter 8 in this volume). Such an 
approach could also be applied to wide ranges of cheeses, and Table 7.1 
illustrates a possible scheme of classification of fermented milks and 
cheeses. Such fermentation processes are the result of the presence of 
microorganisms (bacteria, molds, yeasts, or combinations of these) and 
their enzymes in milk. In the dairy industry, these organisms are known 
as starter cultures; however, in some cheese varieties other microfloras 

TABLE 7.1. Proposed Scheme of Classification for Fermented Milks and 
Cheese Products 

Category Fermented milks Cheeses 

Lactic fermentations 
Mesophilic Cultured buttermilk Cheddar 

Lingofil Cheshire 
Taetmjolk Gouda 
Ymer" Edam 
Yoghrt, Zabadi Emmenthal 
Labneh" Sbrinz. Mozzarella 
Skyr" Parmesan 

Therapeutic" Acidophilus milk Gouda" 
A B T ,  L a b n e h  Quarg" 
Yakult Cottage" 

The r mo ph i 1 i c 

Mold-lactic fermentations Viili Camembert, Brie. 

Yeast-lactic fermentations Kefir Mold-ripened 
Roquefort 

Koumiss cheeses (see text) 
Miscellaneous microflora 

Acetobacteria Ketir 
Propioni bacteria Wide range of cheeses 
Brevibacteria Wide range of cheeses 
Secondary cheese cultures Wide range of cheeses 

"Conccntrated fermented milk products. 
"For further infomiation refer to Gonies ct al. (1995). Taminic et al. (1995). and Tarnimc and 
Marshall (1997). 
' ABT I,irctohticillirs rrcidophilris, Bifidohucteriion ILictis. and Streptococcus r h u n n o p h i h .  
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could be present, and these are referred to as secondary cultures (see 
later). The essential roles of starter cultures are summarized as follows. 
First, the production of lactic acid as a result of lactose fermentation; 
the lactic acid helps to form the gel and imparts a distinctive and fresh, 
acidic flavor during the manufacture of fermented milks; however, in 
cheesemaking, lactic acid is important during the coagulation and tex- 
turizing of the curd. Second, the production of volatile compounds (e.g., 
diacetyl and acetaldehyde) that contribute toward the flavor of these 
dairy products. Third, the starter cultures may possess a proteolytic or 
lipolytic activity that may be desirable, especially during the matura- 
tion of some types of cheese. Fourth, other compounds may be pro- 
duced-for example, alcohol, which is essential during the manufacture 
of Kefir and Koumiss. Fifth, the acidic condition in these dairy prod- 
ucts, and in some instances the production of bacteriocins, prevents the 
growth of pathogens, as well as many spoilage organisms. 

Traditionally, milk was left to sour naturally prior to the manu- 
facture of cheese and fermented milks. Such a method of production 
is not reliable, is prone to failure, and may promote undesirable side 
effects, and the quality of the end product can vary tremendously. These 
drawbacks were basically due to a lack of scientific knowledge in the 
field of microbiology (i.e., starter cultures); but since the turn of the 
twentieth century, starter cultures have been widely studied, and their 
behavior and metabolism are well established. Hence, the selection of 
starter cultures has become feasible, and their activity has become more 
predictable. Such an approach is important in factories handling large 
volumes of milk; furthermore, greater uniformity in the quality of the 
end product can be expected. 

Although the traditional method of manufacture was not scientifi- 
cally controlled, it has provided the industry with the basic technology 
required today. At present, the manufacture of fermented dairy prod- 
ucts including cheese is more centralized. Hence, starter cultures have 
become an integral part of a successful industry; their relevance is 
reflected by the world output of these products. In view of the pro- 
duction outputs of cheese and fermented milks, the classification, 
maintenance, preservation, and propagation of starter cultures is of 
paramount importance, and these aspects will be reviewed in this 
chapter; however, the problem associated with starter culture bacte- 
riophages and the genetic developments of these micro-organisms 
will be discussed separately. The following are recommended for 
further reading about different aspects of starter cultures (Zourari 
et al., 1992; Poolman, 1993; Tan, 1994; Roussis, 1994; Bruinenberg 



264 MICROBIOLOGY OF STARTER CULTURES 

TABLE 7.2. World Production Figures of Ail Types of Cheeses (Thousand Tonnes) 

Region 1970 1980 1990 1998 

Africa 294 364 466 579 
America (North and Central) 1,574 2,471 3 3  19 4,207 

Asia 478 661 803 936 

Oceania 177 254 306 552 

World 7,668 1 1,797 14,533 14,488 

America (South) 377 462 535 677 

Europe 4.768" 7,165" 8,904" 7,537" 

"Data includc production figures in the former USSR. 
"Production figures for former USSR was not reported. 

S o ~ w e :  After F A 0  (1972. 1081, 1096, 1999). 

and Limsowtin, 1995; Geisen and Holzapfel, 1996; Kunji et al., 1996; 
Davidson et al., 1996; de Vos, 1996; Law and Haandrikman, 1997; 
Grossiord et al., 1998; de Vos et al., 1998; Venema et al., 1999; 
Siezen, 1999; Delcour et al., 1999; Macedo et al., 1999; Christensen 
et al., 1999). 

7.2 ANNUAL UTILIZATION OF STARTER CULTURES 

There are no data available in the dairy industry concerning the actual 
amounts or types of starter cultures utilized and/or produced every 
year. Since the mid-1980s, there has been greater reliance in the indus- 
try on the use of direct-to-vat inoculation (DVI) starter cultures for 
(a) the manufacture of cheese and fermented milk products or (b) the 
production of bulk starter cultures. It is possible, however, to estimate 
the annual volume of starter cultures from world production figures 
of cheese and fermented milks based on the assumption that all these 
products are made using bulk starter cultures only. 

According to the F A 0  (1999), the world production of all cheese 
varieties was in the region of 14.5 million tonnes in 1998 (seeTable 7.2), 
but the actual figure is higher because production data from the former 
USSR since 1990 was not reported. Nevertheless, if it is accepted that 
10 liters of milk is required to produce 1 kg of cheese, then a total of 
145 million tonnes o f  milk was used for the manufacture of cheese. On 
average, cheese starter cultures are inoculated at a rate of 1-1.5ml 
300ml-' of milk, and hence in 1998 the world production of cheese bulk 
starter cultures was in the region of 1.5-2.2 million tonnes. However, 
according to Christian Hansen (i.e., one of the main suppliers of starter 
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TABLE 7.3. Total Production Figures of Different Types of Fermented Milks in 
Some Selected Countries (Thousand Tonnes) 

Buttermilk Yogurt Others 

Country/Region 1982 1992 1982 1992 1982 1992 

Australia 
Europe 
North America 
Chile 
India 
Iceland 
Israel 
Japan 

Total 

486.8 
438.3 

NR 
1.8 

- 

626.2 
381.3 
- 

< - 

4.7 
- 

926.9 1,012.2 

30.0 
2,123.4h 

323.9 
22.6 

2,574.0 
1.3 

29.1 
283.3 

5,387.6 

76.4 

583.8 
54.3 

3,950.0 
2.4 

55.9 
533.0 

8,926.2 

3,670.4” 
- 

2,172.4 
- 

2,011.9 
51 .O 

3.2 
37.0 

148.2 

2,360.8 

4.2 
54.0 

476.0 

2,5 97.1 

“Indicate no figures or product is not manufactured. 
“In some countries, the yogurt figures include other types of fermented milk. 
‘Refer to text for details. 

Soi4rce: Adapted from Tamime and Marshall (1997). 

cultures in the world), it was estimated that in 1998, 80% of sales of 
DVI starter cultures were for the production of bulk starter culture, 
while 20% were added directly into the cheese milk (Nagle, personal 
communication). 

World production figures of fermented milks and other related 
products are only available in some selected countries (see Table 
7.3), and the last data published by the International Dairy 
Federation (IDF) was for 1992 (IDF, 1994; see also Tamime and 
Marshall, 1997). 

World production figures of fermented milks and other related prod- 
ucts are not available. Table 7.3 shows that the production of cultured 
buttermilk, yogurt, and fermented products in some member countries 
of the IDF had increased from 8.7 million tonnes in 1982 to 12.5 million 
tonnes in 1992. However, under commercial practice, starter cultures 
are used at an average rate of 2-3ml 100ml-’; hence 251,000-376,000 
tonnes of bulk starters were required. 

It could be argued, however, that the production data shown in Table 
7.3 does not include countries like Bulgaria, Turkey, or the Arab coun- 
tries that are high producers of fermented milk products. Also, over the 
past decade there has been increased sales of fermented milk products 
in southeast Asia and South America, but no production figures are 
available. Lastly, the production data of buttermilk in India in 1991 
amounted to 19.5 million tonnes (IDF, 1993), with no indication 
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whether it was “sweet” or fermented using the traditional process (i.e., 
the by-product of the manufacture of ripened cream butter). If it was 
fermented buttermilk, the starter culture required at an average rate 
of 1.Sml 100ml-’ would have been 292,500 tonnes. 

7.3 CLASSIFICATION OF STARTER ORGANISMS 

As mentioned earlier, several microorganisms (bacteria, yeasts, molds, 
or combinations of these) are employed in the manufacture of cheese 
and other fermented milk products. However, detailed characteriza- 
tions of these microorganisms have been reported by Sneath et al. 
( 1986), Bezkorovainy and Miller-Catchpole (1989), Spencer and 
Spencer (1990), Balows et al. (1992), Holt et al. (1994), Hui 
and Khachatourians (199S), Wood and Holzapfel (1995), Cogan and 
Accolas (1993, Tamime and Marshall (1997), and Salminen and von 
Wright (1 998). The relevance of these microorganisms to the dairy 
industry is as follows. 

7.3.1 Traditional Microflora 

7.3.7.1 The Genus Lactococcus. The starter cultures of the genus 
Lactococcus consist of Lactococcus lactis subsp. lactis, subsp. cremoris 
and subsp. lactis biovar diacetylactis. The latter microorganism is closely 
related to L. luctis subsp. lactis, but differs by being citrate-positive. 
These cultures previously belonged to the genus Streptococcus (i.e., 
mesophilic streptococci belonging to Lancefield group N; Lancefield, 
1933). However, Sneath et al. (1986) and Holt et al. (1994) (i.e., in 
BergeyS Manuals) have combined all these lactic acid bacteria to form 
a single species of L. lactis. This approach is based on closely related 
characteristics, which include (a) possession of identical isoprenoid 
quinones and the enzyme, P-phosphogalactase, (b) indistinguishable 
lactic dehydrogenase, and (c) the fact that all have identical percent- 
ages of guanine and cytosine. The only properties that distinguish them 
are plasmid-controlled, and they show high DNA homology. However, 
these subspecies are of great importance in the cheese industry for their 
fermentation characteristics. For example, L. lactis subsp. lactis biovar 
diacetylactis is a flavor producer with the production of diacetyl and 
CO? from citrate, while L. lactis subsp. lactis and subsp. cremoris are 
classified as non-flavor producers. 

The overall characteristics of these microorganisms are as follows: 
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- Spherical or ovoid cell morphology, 0.5-1.Opm in diameter 
and forming short to long chains or occurring in pairs (see 
Figure 7.1A); they are often elongated in the direction of the 
chain. 

- Gram-positive, microaerophilic, homofermentative lactic acid bac- 
teria that produce L(+)-lactate from lactose; only L. Zactis subsp. 
lactis biovar diacetylactis produces diacetyl. 

* Some strains produce exopolysaccharide (EPS) material and/or 
bacteriocins; all the species do not have flagella, nor do they form 
endospores; and for optimum growth they require B vitamins. 

- The peptidoglycan in the cell wall is similar to that of Strepto- 
coccus pyogenes except that the cross-bridges consist of D- 

isoasparagine. 
- Absence of growth at 45"C, but able to grow in 0.3g 1OOg-' 

methylene blue and hydrolyze arginine. 
- The differentiating characteristics of Luctococcus spp. are shown 

in Table 7.4 (see also Bissonnette et al., 2000). 

7.3.1.2 The Genus Leuconostoc. In the genus Leuconostoc, the 
organisms that are associated with dairy starter cultures are 
Leuconostoc rnesenteroides subsp. cremoris (previously known as L. 
cremoris or L. citrovorum), L. mesenteroides subsp. dextrunicum, and in 
some instances L. luctis. These microorganisms are related phenotypi- 
cally to the genera Lactobacillus and Pediococcus, and they share many 
features with heterofermentative lactobacilli. The Leuconostoc spp. 
have complex nutritional requirements, and some strains produce EPS 
material. They are capable of producing D(-) lactate, C02, and aroma 
compounds (e.g., ethanol, diacetyl and acetic acid). These organisms are 
normally used in multiple or mixed-strain cheese/fermented milks 
starter cultures that contain flavor producers (refer to Section 7.4). Inci- 
dentally, Milliere et al. (1989), Cogan and Jordan (1994), Vedamuthu 
(1994), and Thunell(l995) have recently provided a thorough descrip- 
tion of the genus Leuconostoc, including their metabolites and their use 
in dairy products (see also Table 7.4). 

Leuconostoc mesenteroides subsp. cremoris has a long generation 
time (48h at 22-30°C) vis-a-vis (24h at 30°C) for L. mesenteroides 
subsp. rnesenteroides. Other characteristics may include the following: 

- The cell morphology varies with growth medium; and in the 
presence of glucose the cells are elongated, resembling lactobacilli. 
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- The cells are coccoid in shape, Gram-positive, asporogenus, and 
nonmotile, and they occur singly or in pairs that may form short- 
to medium-length chain. 

- The cell wall peptidoglycan type of most species is i,-Lys-L-Ser-L- 
Ala,, but L-Lys-L-Ala2 for L. rnesenteroides subsp. rnesenteroides 
and L. luctis. 

7.3.7.3 The Genus Pediococcus. The only strain of this genus to 
be used in dairy starter cultures is Pediococcus acidilnctici. However, 
this organism had other synonyms such as Pediococcus lindneri, 
Pediococcus cerevisiae, and Streptococcus lindneri. The pediococci 
divide alternatively in two perpendicular directions to form tetrads 
that differentiate them morphologically from other lactic acid bacteria. 
The cells do not form spores or capsules, but are Gram-positive 
cocci of uniform size, produce DL-lactate, and are nonmotile (see 
Table 7.4). 

Pediococcus spp. have been found in cheese, but represented only a 
small proportion of the total lactic acid bacteria in the product; their 
precise role is not fully understood (Fox et al., 1990; Olson, 1990, 
Bhowmik and Marth, 1990). However, Biokys@, which is produced in 
the Czech Republic, is a fermented milk with therapeutic properties 
because the starter culture consists of Pediococcus aciditactici, 
Lactobacillus acidophilus, and Bifidobacteriurn bijidurn in a ratio 
1 : 0.1 : 1 (Tamime and Marshall, 1997). 

7.3.7.4 The Genus Streptococcus. The taxonomic status of 
Streptococcus thernzophilus reported by Orla-Jensen (1 93 1) has fluctu- 
ated since the 1980s due to the close relationship between this organ- 
ism and Streptococcus salivarius (i.e., nucleic acid hybridization and the 
long-chain fatty acid profiles); as a consequence, it was denoted as a 
subspecies (e.g., S. salivarius subsp. therrnophilus) in the mid-1980s 
(Farrow and Collins, 1984). In the early 1990s, a separate species 
status was reproposed on the basis of genetic and phenetic criteria 
(Schleifer et al., 1991). This microorganism is predominantly used in 
combination with other starter cultures for the manufacture of cheese 
(Swiss and Italian varieties), yogurt, and “bio” fermented milk prod- 
ucts. Some selected characteristics of S. thermophilus may include the 
following: 

The cells are spherical or ovoid, are <1pm in diameter, and form 
chains or occur in pairs (see Figure 7.1B). 
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- The organism does not grow at 15”C, but most strains are able to 
grow between 40°C and 50”C, and they require B vitamins and 
some amino acids for maximum growth. 

* Such streptococci are anaerobic homofermentative lactic acid, are 
Gram-positive, and produce L(+)-lactate, acetaldehyde, and 
diacetyl from lactose in milk (see Table 7.4). 

- Some strains produce EPS, and the cell wall peptidoglycan type is 
Lys-Ala2-3, while the cell wall polysaccharide component have not 
been determined. 

- A group antigen for seriological identification has not been 
demonstrated. 

7.3.1.5 The Genus Lactobacillus. Orla-Jensen (1931) classified the 
lactobacilli (i.e., rod-shaped and catalase-negative species) into three 
genera: Thermobacterium, Streptobacterium, and Betabacteriurn. In the 
1980s, the genus Lactobacillus was still divided into three main groups 
(I, 11, and 111) resembling the classification of Orla-Jensen (1931), but 
without designating them as subgeneric taxa (Sneath et al., 1986). The 
organisms that are employed in the dairy industry are as follows: 
(a) Group I, obligately homofermentative lactobacilli. The species 
are L. delbrueckii subsp. lactis, L. delbrueckii subsp. bulgaricus, L. 
helveticus, L. kefiranofaciens, L. acidophilus, L. gasseri and L. john- 
sonii. The latter three organisms are used in “bio” products, while L. 
kejiranofaciens is present in Kefir grains. It is now accepted that L. 
jugurti is a biotype of L. helveticus, only lacking the ability to ferment 
maltose (see Manachini and Parini, 1983; also see Figure 7.2). However, 
L. cuucasicus, which is sometimes reported to be among the organisms 
in a Kefir grain, is now proposed as a rejected name. (b) Group 11, 
facultative heterofermentative lactobacilli. Some examples are L. 
casei, L. paracasei subsp. paracasei, L. paracasei subsp. tolerans, L. 
rhamnosus, and L. plantarum; most of these organisms are used in “bio” 
products. (c) Group 111, obligately heterofermentative lactobacilli. 
These are not important as dairy starter cultures except for Kefir 
production, and some examples are L. brevis, L. fermenturn, L. kejir, L. 
viridescens, and L. reuteri (this organism is used in “bio” fermented 
milks). 

At present, the lactobacilli have been regrouped based on phyloge- 
netic relationship into Groups A, B, and C that correspond to the 
respective groups or genera mentioned earlier. Furthermore, within 
each group, the phylogenic groupings is subgrouped as a, b, and c 
where species belong to the L. delbrueckii, L. casei-Pediococcus, and 
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Figure 7.2. Scanning electron micrograph illustrating the cell morphology of L. 
helveticus starter culture grown in whey. (Reproduced by courtesy of V. Bottazzi, 
E Bianchi, and C. Garabazza.) 

Leuconostoc group, respectively (Hammes and Vogel, 199.5). The 
history of the lactobacilli has been recently detailed in a review by Pot 
et al. (1994). 

Recently, Collins et al. (1991) and Klein et al. (1998) reviewed the 
taxonomy and physiology of probiotic lactic acid bacteria (the genera 
Lactobacillus, Bijidobucterium, and Enterococcus) and reported that 
the lactobacilli species belonged to (a) the L. ucidophilus group, (b) the 
L. cusei group. and (c) the L. reuteri/L. fermentum group. However, 
most L. ucidophilus strains used in probiotic fermented milk products 
have been identified as L. gasseri or L. johnsonii; both species are 
members of the L. acidophilus group. 

In view of the large number of species within the genus of 
Lactobacillus that can be used as starter cultures, some detailed character- 
istics are shown in Table 7.5. However, the reviews by Sneath et al. (1986) 
and Hammes and Vogel (199.5) are recommended for further reading 
regarding the specific characterisation of individual microbial isolates. 

It can be observed, however, that many different species of lactic acid 
bacteria can be used as starter cultures in the dairy industry, and the 
overall classification is illustrated schematically in Figure 7.3. 
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TABLE 7.5. Selected Characteristics of Some Lactobacillus spp. Associated with 
Fermented Milks and Cheeses 

Carbohydrate Cltilization"' 
Starter Organisnisi Phvlogcnic G + C Lactic Acid Growth 
Group" Grouping" (Mean YO) Isomer(s) 15135°C E S r  AMY AKA CBL 

Group A-ohligately homofermentative 
L. llcillllptlilll.\ a 34-37 
L.. ilc~lhrrrrckri 

suhap. ilrlhrrie(.kii a 49-5 I 
buhsp. l i r r l~~ i r i c r~ .~  a 49-.5 1 
mhsp. /nc/rs a 49-5 1 

I.. g1IJ" 'r i l~ a 33-35 
L. l7rlvrticlls a 38-40 
1.. ] l ~ h / l , ~ i ~ n i i  a 33-35 
L. krfira~i~~frrc.rrri~ a 34-35 

Group B~-lacultatively hcterofcrmentative 
L. Ixrriri c r w i  

suhsp. porcic(isei h 45-47 
auhsp. roliwrnA h 

I.. r.hutl?rroslrs b 
L.. ~11i~rir~rrrirrr  b 4 4 4 6  

(;roup C--ohlipatcly hclerolermentative 
L.. 1JriWJ b 44-47 
I>. tt~rnierrlitni b 52-54 
L.. ki+r b 4 1 4 2  
L. rerrrwi b 40-42 
I.. v r r i ~ l t ~ . s c m ~  C 41-44 

r) I -/+ 

-/+ 
-/+ 
-/+ 
-/+ 
-/+ 
+I+ 
-I- 

+id 
+i- 
+/+ 
+i- 

+/- 
-i+ 
+/- 
-I+ 
+/- 

+ + - + 

+ + - + 
- - - - 

+ + d +  
+ d  + + 

"Ior  yrnhols refer to Table 7.4 
"Group a. h. and c species belong to the L. dr/hriii,ckii group. the 1,. c.rnAPi-Pi~dioc.occu\. group, and the 12rw 
conmroc g r w p  re\pectively. 
'EX'. iiesctilin: AMY, amvgJ;ilin; ARA. arahinose: CEL. ccllohiose: FRU, fructose; GAL.. galactose: LAC, 
lactose: MAL. inallobe; MA&, mannilol: MNE, mannose: MLZ, meliritose; MEL, melihosc: RAF, raffinose: RIB, 
ribose: SAI.. salicin; SOR. sorhitol: SAC. saccharoseisucrosc; TKE, trehalosc. 
"Strains dcsignatcd 1.. crrsci suhsp. p.~i~ui2oplur1lnru/~i produce 01. lactic acid. 

So i i rw:  L h l a  compiled from Sneath et al. (1986) and Ilammcs and Vogel (1995). 

7.3.2 Bacterial Species Incorporated into 
Dairy Starter Cultures 

A wide range of microorganisms are sometimes added to milk (besides 
dairy starter cultures) for specific applications, and some examples 
follow. 

7.3.2.7 The Genus Bifidobacterium. The taxonomic situation and 
nomenclature of the bifidobacteria have changed since the turn of the 
twentieth century, when they were classified as Lactobacillus spp., while 
in the latest edition of BergeyS Manual (Sneath et al., 1986; Holt 
et al., 1994) the same organisms are grouped in a separate genus, 
Bificlohacteriiun (see also Klein et al., 1998). Currently, 30 different 
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('arhohydrate Util ization"' 

FRU GAL LAC MAI, MAN M N t  MLZ MEL RAF RIB SAL SOK SAC' TKt 

+ + + + -  + - d d - t - + d 

+ -  - d - + d  

+ d + +  - - + - + +  
+ + d d -  + - d d - + - + d  
d + + d -  d -  - d  

t d +  + d d + + d  

+ - - - - - - 

- - - - - - - - - -  + - + -  
+ - - 

- - - - - 

- 

+ + - t -  t t + -  

+ + d +  - - + + + + +  + + + 
- - - - - - - - - -  + + + -  

- - + + t + +  + + + t  

+ + t +  + + d +  + + + t + +  
+ + + 

+ d d + -  - - + d + -  - d -  

+ + + +  + + + -  - t d  - + 
+ + - + t  - + -  

+ + + +  t + + -  - + -  
+ -  - +  - - - - - d d  

- 

- - - - - -  

- - - 

- + - 

species of bifidobacteria isolated from humans, animals, insects, and the 
environment have been identified. Only six species (Bifidobacteriunz 
adolescentis, breve, bijidiim, in,funtis, lactis, and longurn) have attracted 
attention in the dairy industry, primarily for the manufacture of "bio" 
fermented milk products. 

The differentiating characteristics (see Table 7.6) have been reviewed 
by many researchers (Bezkorovainy and Miller-Catchpole, 1989; 
Barlows et al., 1992;Tamime et al.. 1995; Wood and Holzapfel, 1995; Kok 
et al., 1996; Meile et al., 1997; Salminen and von Wright, 1998; Cai et al., 
2000), and other characteristics may include the following: 

- The bacteria are Gram-positive, anaerobic heterofermentative, 
nonmotile, and non-spore-forming rods (0.5-1 .S x 1.5-8ym). 

- When grown aerobically in a trypticase-peptone-yeast medium, 
the cells of these bifidobacteria have distinctive shapes and 
arrangements (e.g., amphora-like, specific epithet, thin and short; 
very irregular contours and rare branching), while the rods on 
some occasions may have a slightly concave central region and 
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swollen ends (see Figure 7.4). However, it is not unusual to 
encounter cells that are coccoid or appear as very long or short 
bacilli of varying widths; or the cells may be V-, Y-, or X-shaped, 
depending 011 the constituents of the medium on which the colony 
is growing. 

- The cell wall peptidoglycan varies among the species, and the 
guanine plus cytosine molecular percentage of the deoxyribonu- 
cleic acid (DNA) of the genus ranges between 54 and 67 (see 
Table 7.6). 

* A wide range of components have been identified as bifidogenic 
growth stimulators (see Tamime et al., 1995; Tamime, 1997). 

* Different species utilize different types of carbohydrate, and Table 
7.6 illustrates some examples. Such fermentations are used for 
identification purposes, and one key enzyme involved is fructose- 
6-phosphate phosphoketolase (F-6-PPK), known as the “bifidum 
shunt”; this enzyme can be used to identify the genus. It should 
be noted thal not all strains possess enough F-6-PPK for it to be 
identified. The fermentation of two molecules of glucose yield two 
molecules of lactate and three molecules of acetate. 

7.3.2.2 The Genus Enterococcus. Over the past 100 years, the 
classification of the streptococci (and enterococci) has changed. By the 
1930s, the streptococci were divided into four groups: (a) the entero- 
cocci, (b) the lactic streptococci (at present is known as lactococci: see 
Section 7.3.1.1), (c) the viridance streptococci, and (d) the pyogenic 
streptococci. This classification relied for a long time on the seriologi- 
cal groups introduced by Lancefield (1933); however, 16s rNA sequenc- 
ing within the genus Entercoccus has revealed the presence of three 
species groups, and some strains form individual lines of descent 
(Devriese and Pot, 1995).The enterococci that have been used in some 
cheese varieties and “bio”-fermented milk products (Tamime and 
Marshall. 1997; Klein et a]., 1998) are as follows: 

- Enterococcus ,faecium and Entercoccus diirnns are found in the first 

* Eriterococcus jaecalis forms an individual line of descent based on 

Some selected characteristics of the above Enterococcus spp. are 
shown in Table 7.6. These bacteria are Gram-positive; they may be 
motile, non-spore-forming cocci or anaerobic homofermentative lactic 
acid; and they produce L(+)-lactate from glucose. The cell wall 

group based on 16s rNA sequencing. 

16s rNA sequencing. 
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peptodoglycan is L ~ s - D - A s ~  in all species, except E. faecalis 
(Lys-Ala,-3). The minimal nutritional requirements of these micro- 
organisms are complex. 

7.3.2.3 The Genus Propionibacterium. The genus Propionihac- 
teriurn has two principal groups of organisms: (a) strains associated with 
dairy products and (b) others which are found on human skin and in 
the intestine. The former strains are known as “classic propionibacte- 
ria” or “dairy propionibacteria” (Sneath et al., 1986; Britz and Riedel, 
1991). The most important species is P ,freudenreichii, which is widely 
used in Swiss cheese varieties (Emmenthal and Gruyere), mainly for 
its ability to produce large gas holes in the cheese during the matura- 
tion period. However, other propionibacteria have been isolated from 
dairy products-for example, I? jensenii, I? thoenii (isolated from red 
spots in Emmenthal cheese), and I? acidipropionici. 

The cell of all species of propionibacteria are irregularly staining 
Gram-positive, nonmotile and non-spore-forming rods (see Figure 7.5). 

Figure 7.5. An illustration showing the microbial cell morphology of Propionibac- 
terium spp. grown on lactate agar. (Reproduced by courtesy of V. Bottazzi, F. Bianchi, 
and C. Garabazza.) 
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The "classic" Proyionibacteriurn spp. are short and rather thick, but 
variation in morphology is related to strain and phase of growth (e.g., 
early log phase). Proprionibncterium thoenii and P jensenii are capsu- 
lated in wet mount India ink preparations, and some characteristics of 
Propionibacterium spp. are shown in Table 7.7; others may include the 
following: 

* Some strains produce EPS material. 
- The cell wall peptidoglycan consists of L-DAP (i.e.. diamino acid 

such as Ala, Glu, or Gly; however, Gly is not present in strains with 
meso-DAP) and polysaccharides (e.g., mannose, galactose, glucose, 
rhamnose). 

TABLE 7.7. Some Selected Characteristics of Propionibacteria and Brevibacteria" 

Propionihacterizini spp. Brevihacteriim spp. 

Characteristic .freuderzreichii jensenii thoenii linens casei 

G + C (mean YO) 65 67 66 
Type of peptidoglycan meso-DAP L-DAP L-DAP 
Carbohydrate utilisation 

Amygdalin - d+ d+ All Brevihacteriicm 
Arabinose 
Cellobiose 
Erythritol 

+ 
- 

+ 

- - spp., including B. 
d- - linens and B. crrsei, 
+ d+ produce slight or 

Aesculin - - + no acid from 
Fructose 
Galactose 
G I ucose 
Lactose 
Maltose 
Mannitol 
Mannose 
Melezitose 
Melibiose 
Raffinose 
Ribose 
Sorbitol 
Starch 

+ 
+ 
+ 

+ + glucose or other 
+ + carbohydrates in a 
+ + peptone medium. 

d- d+ d- 
- d+ d+ 

- + - 

+ + + 
- d+ d+ 
d- + d+ 
- + d+ 

+ + 
- d+ 

+ - 

Sucrose - + d+ 
Trehalose - + + 
Xylose - d+ d+ 

"Symbols: +. positive reaction in 90-100% of strains or pH < S.7 in 90-100% of strains: -. negative 
reaction in 90-100% or p H  > 5.7 in 90-100% of strains; d-, reaction positive in 10-40% of strains: d+, 
reaction positivc in 30-90%, of strains. 

Sourcr: Lhla  compiled from Sneath e t  al. (1986). 
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- In nutritional requirements, all strains of propionibacteria seem 
similar (for example, in their B-vitamin requirement), and oleate 
stimulates the growth of some strains; however, 19 freudenreichii 
produces large quantities of vitamin BI2. 

Recently, the review by Mantere-Alhonen (1995) has reported that 
19 freudenreichii can be considered as a potential probiotic microor- 
ganism, a view based on (a) the production of propionic acid, (b) bac- 
teriocins, (c) sythesis of vitamin BIZ, (d) better exploitation of fodder, 
(e) growth stimulation of other beneficial bacteria, and (f) survival 
during gastric digestion. 

7.3.2.4 The Genus Brevibacterium. The Brevibacterium spp. (B. 
linen and B. casei) impart a distinctive reddish-orange color to the rind, 
or cause the formation of a smear, on Brick and Limburger cheese 
(Olson, 1969; Reps, 1993); they also produce a gray white color on tra- 
ditional Camembert (Gripon, 1993). The microorganisms are charac- 
terized by having coccal-rod cells of variable length, but generally 
0.6-1.0ym in diameter (Sneath et al., 1986). The bacteria are 
Gram-positive, obligate aerobes, and the optimum growth temperatures 
are 20-25°C (B. linens) or 30-37°C (B. casei). Some selected character- 
istics are shown in Table 7.7; in addition, these organisms are salt- 
tolerant, nonmotile, and not acid-fast, and they produce no endospores. 
The cell wall peptidoglycan contains meso-DAP without arabinose. The 
nutritional requirements is complex and not fully established, but most 
strains require amino acids and B vitamins (Sneath et al., 1986). 
Recently, the purification and characterization of serine proteinases 
produced by B. linens has been reported by Hayashi et al. (1990). 

Their primary function in cheesemaking, besides their pigment pro- 
duction, is the formation of aromatic sulfur compounds. The commer- 
cial freeze-dried cultures available on the market are nonlipolytic 
and have varying proteolytic activities-that is, medium or high 
(Bockelmann, 1999). 

7.3.2.5 Miscellaneous Microorganisms. At present, there are 
several commercial preparations of either single or mixed cultures that 
are primarily used as cheese milk adjuncts. These can be added into the 
cheese milk or brushed onto the smear cheese varieties. Some exam- 
ples include coryneform bacteria, yeasts (Debaromyces hansenii, 
Candida utilis, and Saccharomyces cervisiae; see Figure 7.6A), and 
micrococci (e.g., Staphylococcus xylosus and Staphylococcus carnosus). 
The latter microorganism helps the texture and aroma development in 
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the cheese, while the yeast strains help to replace the indigenous 
yeast flora in raw milk that has been inactivated by pasteurization 
(Bockelmann, 1999; Choisey et al., 2000). 

7.3.2.6 Molds. Molds are mainly used in the cheese industry for the 
manufacture of some semisoft cheese varieties. Their major role is to 
enhance the flavor and aroma and to modify, slightly, the body and 
texture of the curd (Cerning et al., 1987; Leistner, 1990; Gripon, 1993). 
The molds can be divided into two types, taking into consideration their 
color and growth characteristics, namely the white and blue molds (see 
Figure 7.7).The former type, which grows externally on the cheese (e.g., 
Camembert and Brie) is known as Penicillium camemherti; however, in 
some older dairy textbooks/literature or commercial culture suppliers, 
the following Penicilliurn species have been reported ( P  caseicolunz, 
P caseicola, P candidurn, and P. alhunz), but these are now considered 
biotypes of, or synonyms for, P. camemherti (Pitt, 1979; Ramirez, 1982). 

The blue mold, P roqueforti, grows internally in the cheese, and 
examples of “blue cheeses” are Roquefort, Blue Stilton, Danish Blue, 
Gorgonzola (see Figure 7.6B), and Mycella; other synonyms for this 
blue mold may include P gorgonzolae and P stilton (Pitt, 1979: 
Ramirez, 1982). However, Boysen et al. (1996) have reported that 
although the current classification of P roqiieforti is into two varieties 
(i.e., P roqueforti var. rogueforti, which is used in cheesemaking, and 
the ubiquitous patulin-producing variety known as P roqiceforti var. 
carneum), it should be reclassified into three species ( P  roqueforti, P 
carneum, and Penicillium paneum) on the basis of molecular genetic 
and biochemical profiles. Some characteristics of blue mold cultures are 
shown in Figure 7.7. 

Other genera of molds which have very limited application, or are 
traditionally used in some parts of the world, are Mucor rasmusen, used 
in Norway for the manufacture of ripened skimmed milk cheese, and 
Aspergillus oryzae, used in Japan for the production of soya milk cheese 
varieties (Kosikowski and Mistry, 1997). 

Geotrichum candidum grows on the surface of the milk to form the 
white velvet layer on Viili, which is a cultured milk product from 
Finland (Tamime and Robinson, 1988a;Tamime and Marshall, 1997; see 
also Chapter 8). For further information regarding the systematics of 
Penicilliurn and Aspergillus species, refer to the latest textbooks by 
Samson and Pitt (1985) and Peberdy (1987). 

7.3.2.7 Yeasts. In general, the presence of yeasts in dairy products 
is considered as contamination and has negative aspects (IDF, 1998; 
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Loureiro and Querol, 1999). However, as mentioned elsewhere (see 
Section 7.3.2.5), certain species of yeast are added to cheese milk; and 
in specific application(s) in the dairy industry, the addition of yeasts to 
milk, besides the lactic acid bacteria, results in a yeast-lactic fermenta- 
tions (see Table 7.1). This type of fermentation is limited to the manu- 
facture of Kefir and Koumiss. In the Kefir starter culture, often known 
as Kefir grains, the exact population of microorganisms is still some- 
what controversial, and the latest reviews by Tamime and Robinson 
(1988a) and Tamime and Marshall (1997) reported the yeast species 
that have been identified in Kefir (see Table 7.8). It was suggested by 
many researchers in the past that Candida kefyr (old name Candida 
kefir) and L. kefr are the only organisms that are intimately associated 
with Kefir grains, but other researchers have included more yeast 
species, acetic acid bacteria and lactic acid bacteria (Tamime and 
Marshall, 1997): Figure 7.7 shows some characteristics of C. kefyr. With 
regard to the yeast species, the confusion may have arisen because of 
the following aspects: First, the same yeast species may be known by 
two generic names depending on spore formation (i.e., imperfect or 
perfect stage: C. kefyr and Candida valida (imperfect) are synonymous 
with Kluy veromyces marxianus var. marxianus and Pichia membranae- 
,faciens (perfect), respectively. Second, synonymous names are evident 
between old and new nomenclature (see Table 7.8). The reviews 
by Kreger-van Rij (1984), Koroleva (1991), Kurtzman and Fell 
(1998), Tamime and Marshall (1997), and Valderrama et al. (1999) are 
recommended for further reading. Furthermore, G. candidum and 
acetic acid bacteria are considered as contaminants in Kefir grains 
in some countries (see Tamime and Marshall, 1997; see also 
Chapter 8). 

In Japan,Toba et al. (1987,1990,1991) have isolated a capsular poly- 
saccharide producing L. kefiranofaciens K1 from Kefir; and a fermented 
milk was prepared from the isolated strain, which had a ropy consis- 
tency and was resistant to syneresis. 

Again, the microflora of Koumiss is not well-defined, but consists 
mainly of lactobacilli, lactose-fermenting (Saccharomyces lactis, Torula 
koumiss) and non-lactose-fermenting (Saccharomyces cartilaginosus) 
yeasts, and the non-carbohydrate-fermenting yeast (Mycoderma spp.) 
(Koroleva, 1991; Tamime and Marshall, 1997; Oberman and Libudzisz, 
1998). 

It can be observed that many different types of yeasts and molds are 
used as starter cultures in the dairy industry, and some differentiating 
characteristics are shown in Figure 7.7. 
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TABLE 7.8. The Yeast Microflora of Kefir Grains 

Microllora Latest Nomenclature 

Sacciiurorriyccs cerevis iac 
delhriirckii Toridasporn delbriieckii 
florentiniis Zygosacchuroniycr.s jbrentiniis 
exigiiu.~ 
jiragilis Kli~yverornyces marxianirs var. frcrgilis 
ciirlbergerisis Sacchnromyces cerevisiae 
glo hiis Saechoroniyces cerevisinr 
driirens is 
i 111 ispo m s  
kejvr" Kluyvuomyces marxianiis var. rnarxirinics 

Kluyveromyces murxianiis var. nzar.xianiis 
Icictis Kluyveromyces nzarxiarius var. l a d s  

Kliryveroiii!~c~e,s rnrirxicrnits 

Cantiidn ltcf~~r"' 
pseiirlorropicnlis 
ter I i 1i.v 
Iiolniii 
valida 
Jrieririchii 

Mycororula kcfyr 
lnctis 
lacToSr1 

'li~riilopsi,s kcj jr  

Cry p fococc~ is ice fy r 
Toriilrr.sp:porti delhriirckii 
Pichiu ,fernient(ins 

ii olnz ii Candida holmii 
Kli~yvcrnn~yces murxiani~s var. nzrrr.xiani~s 

nirtnhrnnrre facieris 

Klicyveroniyces nzar.ximzis var. nmrxianiis 

,'Previously known as kqfir.. 

Sorircc,: Adapted from Tamimc and Marshall (1997). 

7.4 TERMINOLOGY OF STARTER CULTURES 

7.4.1 Background 

The microorganisms, which are employed in the dairy industry, are used 
either singly, in pairs, or in n mixture, thus giving the industry the oppor- 
tunity to manufacture different types of cheeses, fermented milks, 
and cultured cream products. Examples of these applications include 
the following: 

* Cheese (Sellars, 1967; Liicke et al., 1990; Robinson, 1995; Cogan 
et al., 1997;Tamime, 2000) 
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- Fermented milks including “bio” products (Tamime and Marshall, 

* Cultured cream products (Tamime and Marshall, 1997) 
- Alcoholic/lactic beverages (Tamime and Marshall, 1997) 

1997; Tamime, 1998; Tamime and Robinson, 1999) 

Traditionally, the fermentation of milk was achieved either by 
leaving the milk at room temperature for a time or, alternatively, by 
seeding the fresh milk with small quantities from a previous day’s good- 
quality product (i.e., inoculum). In both instances, the indigenous 
microorganisms (e.g., lactic acid bacteria) utilize the lactose in milk as 
an energy source for growth and, subsequently, yield lactic acid [see the 
reviews by Cogan (1995) and by Marshall and Tamime (1997)j. The 
adoption of the latter approach meant that the fermentation process 
was, to some extent, brought under control: and this technique, which 
was passed from one generation of producers to the next, may be con- 
sidered the “primitive” origin of the starter cultures known today. This 
craft has survived for centuries, because it is only recently that humans 
discovered microorganisms and their essential role of the fermentation 
of milk. 

Mesophilic lactic starter cultures are widely used in the dairy indus- 
try (see Table 7.4); and in the case of cheese, for example, they are 
divided into these categories: single, pairs, multiple, or mixed strains; 
these starter systems have been developed in order to achieve the fol- 
lowing objectives during cheesemaking: 

- Better control of starter culture activity (i.e., level of acidity) 
- Development of flavor 
* Intolerance of salt and cooking temperature 
- Safeguard against bacteriophage (phage) attack 
- Minimize variation in the quality of end product 
- Control of the level of bitterness and/or gas production in certain 

cheeses, such as Cheddar 

7.4.2 Defined Starter Cultures 

A few decades ago, mixed-strain cultures of unknown composition 
were used without rotation for the production of Cheddar cheese in 
many different countries. Certain faults, such as open texture, were 
identified as being due to the presence of gas-producing strains, while 
bacteriophage attack on these mixed-strain cultures was not well- 
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identified, possibly due to the development of mutant strains that were 
insensitive to phages. 

At present, cheese starter cultures are categorized on the basis of 
flavor and/or gas production (Cogan, 1983; Gilliland, 1985; Cogan and 
Hill, 1993: Cogan and Accolas, 1996) as follows: 

TY P” Microorganism Flavor Producer 

B or L Lcwconostoc spp. Positive 
D Lactococcus lactis subsp. Positive 

BD or DL Mixture of the above two species Positive 
0 Luctococcus lnctis subsp. Negative 

lactis biovar diacetylactis 

lactis and subsp. cremoris 

Incidentally, Crawford (1972) has referred to the pairing of L. 
lactis subsp. lnctis and cremoris as “the non-gas- and non-aroma- 
producing cheese lactic starters.” However, the flavor-producing 
species are mainly citrate utilizers that yield diacetyl and CO, (Cox 
et al., 1978; Cogan and Hill, 1993). The aroma-producing lactic starters 
are essential for the production of buttermilk, sour cream, cultured 
butter, Ymer, Filmjolk, and other fermented milk products (see 
Tamime and Robinson, 1988a; Tamime and Marshall, 1997). 

Defined-strain, starter culture systems (i.e., single, pairs or multiple) 
were pioneered in New Zealand at the Dairy Research Institute, which 
dates back over the past five decades. The detailed evolution of such 
systems has been recently reviewed by Lawrence and Heap (1 986) and 
Heap and Lawrence (1988), and a brief summary of these develop- 
ments is given below: 

In the 1930s: Commercial, mixed-strain cultures in powder form 
were imported from Europe for the production of Cheddar cheese 
and apparently caused “open texture” defects. 

By 1935: Whitehead isolated pure lactic lactococci from these cul- 
tures (e.g., gas- and non-gas producers), and the latter type was 
introduced to cheese factories as single-strain cultures that even- 
tually failed due to infection by phage. 

In the 1940s: Rotation of pairs of single-strain starter cultures was 
introduced to cheese factories up to 1950, and the bulk starter was 
produced in a mechanically protected tank to keep out phage (see 
section on production systems of bulk starter cultures). 
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In the 1960s: Centralization of cheese production meant that vats 
were filled two or three times a day, but eventually it was difficult 
to keep phage under control despite the availability of a large 
number of starters-including up to 14 days’ rotation; further- 
more, the defects in the cheese were identified as being “acid” and 
bitter flavor. 

In the 1970s: Slow and fast acid producers in combinations of single 
strains (e.g., a pair of AM2 and ML,) were introduced to overcome 
the above defects in the cheese and, in view of the knowledge 
gathered, for selecting and screening strains for their sensitivity/ 
insensitivity to phage, temperature, and salt. A ratio of 2 : l  
(s1ow:fast) was adopted by the industry, and a 4-day rotation was 
used. However, the use of triplets (i.e., one strain is temperature- 
insensitive and two strains are temperature-sensitive) has also 
been recommended by the Institute, but in practice it was 
observed that better control of the desirable ratio of these strains 
could be maintained by using “pairs” of starter strains that gave a 
typical Cheddar cheese flavor. By the end of the 397Os, a multiple 
starter system of six strains was introduced (e.g., MS6), which can 
be used without rotation for an extended period of time, and it 
was recommended that at least one of the phage-sensitive strains 
should be replaced each year. A similar approach has been 
adopted in the United States, Australia, and Ireland (Cogan and 
Accolas, 1996). 

By the 1980s: Work at the NZ Dairy Resarch Institute continued 
to differentiate many types of phage capable of attacking the 
Lactococcus spp. (Cogan and Accolas, 1990); but two new isolates, 
which were temperature-insensitive, appeared to be free from 
all phage. Thus, since 1980 most cheese factories have been 
using this new “single-pair” starter culture system without 
rotation (Lawrence et al., 1984); more recently, new phages have 
begun to attack this culture, and the fight against phage is still 
going on. 

By 1990s: DVI cultures have been widely used in the industry, includ- 
ing genetic manipulation of lactic acid bacteria to combat bacte- 
riophage attack. Furthermore, currently S. therrnophilus is blended 
with DVI mesophilic lactococci for the manufacture of Cheddar- 
type cheeses because such starter cultures have a high degree of 
bacteriophage durability due to the biphasic growth of the 
microfloras during cheesemaking (Stanley, 1998). 
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In The Netherlands, a different approach has been adopted using a 
phage-insensitive. mixed-strain starter culture system that is highly 
dependent on the method of handling and storage of the microorgan- 
isms. The work was first pioneered by Galesloot et al. (1966), who 
observed that the propagation of mixed-strain starter cultures under 
factory Conditions (i.e., not aseptic) involved both phage-sensitive and 
phage-insensitive strains. The latter strains become predominant and, 
while they may show some fluctuation in their activity, there is never 
complete failure.These cultures are referred to as “P” cultures (i.e.,prac- 
tice); however, the same cultures propagated in the laboratory under 
aseptic conditions are called “L” cultures, which are found to be more 
susceptible to phage vis-a-vis the “P” cultures. Hence, screening of the 
best “P” cultures at The Netherlands Dairy Research Institute (NIZO) 
brought about the best strain isolates in terms of (a) ability to produce 
good-quality cheese, (b) phage-insensitivity, (c) appropriate rate of acid 
development, and (d) best flavor profile.The “L”cu1tures are maintained 
at -196°C with the minimum number of transfers, and they are dis- 
patched to the industry, when required, to be used in multifill cheese vats 
without rotation. The performance of these cultures is ensured by pro- 
ducing the bulk starter culture in a tank protected against bacteriophage 
and by minimizing the buildup of phage in the factory.The mechanism(s) 
of phage-insensitivity in these cultures is very complex and could be due 
to (a) cell wall resistance, (b) resistance due to restrictionimodification. 
(c) resistance due to lysogeny, or (d) resistance due to other reasons 
(Stadhouders and Leenders, 1984; Stadhouders, 1986); however, some 
strains are not attacked by any phage, and the starter has to be con- 
taminated by a great number of different phages before even all the 
sensitive strains are attacked (see also Hugenholtz, 1986). 

Other types of mesophilic lactic starter cultures are proteinase- 
deficient strains (Prt-) and whey-derived starters. The latter type has 
been developed in Australia (Hull, 1977,1983); and, in principle, it could 
be considered as a modification of the single-strain system that was 
developed in New Zealand. The moment phage is detected in the 
starter culture, and the culture is replaced by a resistant derivative that 
has been challenged in a growth medium containing filtered whey- 
that is, free from bacteria but not bacteriophage. It has been reported 
that more than 50% of Australian Cheddar cheese is manufactured by 
using “whey-derived, single-strain, phage-resistant starters”; however, 
the use of such starters alone may cause a “bitter flavor” defect in the 
cheese (Heap and Lawrence, 1988). 

Prt- starter strains have been used in cheesemaking for some time, 
and they overcome the problem of phages due to their slow growth. 
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Prt- are used in conjunction with some Prt’ strains, because the former 
type depends on a supply of amino acids for growth. These organisms 
have other advantages, which can be summarized as follows: (a) They 
are more resistant to inhibition due to the presence of antibiotics in 
milk; (b) they are less proteolytic, thereby minimizing “bitter flavor” 
production in cheese; (c) by increasing the inoculation rate of Prt- heat- 
sensitive strains, more acid development occurs at cooking temperature 
as compared with Prt+ strains; (d) cell growth and acid production take 
place in the bulk starter tank and, to a lesser degree, in the cheese vat 
due to the longer generation time; and (e) they eliminate bacterio- 
phages (see Gilliland, 1985; Hugenholtz, 1986; Oberg et al., 1986; 
Hugenholtz et al., 1987). 

Thermophilic lactic starter cultures are used for the manufacture of 
yogurt, acidophilus milk, and high-temperature scalded cheeses (e.g., 
Swiss and Italian varieties). These thermophilic cultures are classified 
into two main types: (a) natural starters of undefined strains (see 
Section 7.4.3) and (b) the defined starters. Examples of the defined, 
thermophilic starter culture systems are as follows: (a) S. thermophilus 
and Lactobacillus delhrueckii subsp. bulgaricus, where acid production 
is enhanced due to the growth association between these species 
(Marshall and Tamime, 1997; Tamime and Robinson, 1999; see also 
Figure 7.8); (b) a single-strain starter culture of Lactobacillus aci- 
dophilus is mainly used for the production of acidophilus milk, and, 
because this microorganism tends to grow slowly in milk, the manu- 
facture of different therapeutic products involves L. acidophilus, yogurt 
starter cultures, and bifidobacteria in a multitude of combinations 
(Tamime and Robinson, 1988b, 1999; Tamime and Marshall, 1997); 
(c) L. paracasei biovar shirota or a mixture with L. acidophilus, Bifi- 
dobacterium spp., and mesophilic and/or thermophilic lactic acid 
bacteria are used as a defined starter culture for the production of 
“bio”-fermented milk products. 

In some instances, certain strains of cheese and yogurt starter cul- 
tures are EPS producers (Cerning, 1990; Tamime and Robinson, 1999; 
Kitazawa et al., 2000; see also Chapter 8), and the use of such strains 
in yogurt making can modify the consistency/viscosity of the coagulum. 
However, few phage problems have ever been reported in the yogurt 
industry, and Lawrence and Heap (1986) suggested the following 
possible reasons: 

- The phage of thermophilic streptococci are larger vis-a-vis the 
phage that can attack mesophilic strains, and they replicate more 
slowly. 
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Figure 7.8. Structural characteristics of the casein micelles in yogurt and typical micro- 
bial yogurt cells o f  S. thermophilus and L. tielhriieckii subsp. biilgnricirs. (Reproduced 
by courtesy o f  V. Bottazzi, F. Bianchi, and C. Garabazza.) 

- The phage that can attack the lactobacilli and streptococci are 
unrelated, and the opportunity for the phage of the lactobacilli to 
replicate is limited; the lactobacilli begin to grow at pH < 5.2 (i.e., 
the milk has become viscous), and the spread of phage in the milk 
is reduced. 

- No whey separation occurs during the manufacturing stages, and 
thus the spread of phage in the factory is minimized. 

* In Swiss and Italian cheeses, the lactobacilli start to grow after the 
cooking stage, which limits the propagation of phage. 

7.4.3 Undefined Starter Cultures 

The undefined, thermophilic, lactic starter cultures are sometimes 
known as “artisanal” or traditional starters, and a typical application is 
their use during the production of Swiss and Italian cheeses. Recently, 
Limsowtin et al. (1996) have reviewed these starter cultures in detail 
and have classified them into three main groups: (a) artisanal or 



TERMINOLOGY OF STARTER CULTURES 293 

“natural” milk cultures, (b) whey cultures, and (c) whey cultures plus 
rennet. 

Natural milk starter cultures are made from heat-treated milk, fol- 
lowed by incubation at high temperature, which creates a selective 
condition for the growth of S. thermophilus. In some instances, 
Enterococcus spp. may be present. 

Whey starter cultures (i.e., freshly drawn whey from the cheese vat) 
have been used in Italy since 1890 (Wood, 1981). The microflora is 
undefined, but is used successfully for the production of Grana and 
other cheeses using raw milk. Over the years, S. thermophilus has 
become predominant in low-acid, whey cultures, whereas the lacto- 
bacilli have become predominant in high-acid, whey cultures consist- 
ing mainly of L. helveticus, L. delbrueckii subsp. lactis, Lactococcus spp., 
and enterococci; however, L. delbrueckii subsp. bulgaricus and L. fer- 
mentum may present in lower numbers or occasionally (Coppola et al., 
1988, 1990). These cultures are used during the manufacture of water 
buffalo Mozzarella and other Italian cheese; in the latter products, the 
lactobacilli mentioned earlier are predominant. These cultures are still 
widely used, and in 1974, laws were passed in Italy to prohibit the use 
of reconstituted milk powder or phosphate-buffered medium for the 
production of bulk starters, which can only be produced from fresh 
milk. 

Italian-type cheeses that are manufactured in the United States are 
made from heat-treated milk (possibly a few days old) and the use of 
defined cultures that are preserved in liquid nitrogen and propagated 
in phosphate-buffered medium. 

Whey cultures plus rennet are another type of artisanal whey starter 
culture of undefined strains, and they are widely used by the traditional 
Swiss cheesemakers. The starter is prepared by macerating air-dried 
calf stomachs in fresh or deproteinized whey. According to Auclair and 
Accolas (1983) and Accolas and Auclair (1983), such artisanal starters 
may consist of the following thermophilic, lactic acid bacteria: the strep- 
tococci (S. thermophilus and, in some instances, fecal enterococci, 
possibly E. faecium) and the lactobacilli (L. fermenturn, L.  helveticus, 
L. delbrueckii subsp. lactis, and, to a lesser extent, L. delbrueckii subsp. 
bulgaricus and L. acidophilus). Such types of culture contain both the 
milk-coagulating enzymes and phage-insensitive, thermophilic starter 
strains. 

In Switzerland, the Federal Dairy Research Institute has screened 
large numbers of artisanal starters obtained from factories producing 
Emmenthal cheese, with a view toward minimizing some of the faults 
in the cheese. The isolates were screened for (a) production of acid, 
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(b) proteolytic activity, (c) storage stability, (d) cheesemaking perfor- 
mance, and (e) presence of phage. However, the quality of the cheese 
is always monitored, and if a starter shows any irregularities at the 
factory level, the starter is quickly modified (Auclair and Accolas, 1983). 
Incidentally, the role of the propionic acid bacteria should not be over- 
looked, because they are important, during the secondary fermentation/ 
maturation period of cheese, for the production of C 0 2  giving rise to 
the characteristic “eyes” in Emmenthal and Gruykre cheeses. 

The differentiating characteristics of certain species of lactobacilli 
are shown in Table 7.5. L. delbrueckii subsp. bulgaricus and L. clel- 
bvrieckii subsp. lactis are closely associated and mainly produce D(-)- 

lactic acid, are galactose-negative (gal-), and show the presence of 
metachromatic granules. Lactobacillus helveticus produces DL-lactic 
acid, is galactose-positive (gal’), and lacks metachromatic granules. The 
accumulation of galactose in Swiss cheese, due to the activity of S. thev- 
mophilus, is not desirable, and it may cause “off-flavor’’ development 
by the nonstarter culture bacteria. Gal’ lactobacilli should also be used 
(i.e.. L. helveticus), which is the case for the manufacture of Swiss 
cheese in Europe. However, in the United States, L. delbrueckii subsp. 
bulgaricus is used instead, but, according to Turner and Martley (1983), 
such lactobacilli, which are gal’, are incorrectly classified and should be 
redesignated as L. helveticus. This confusion may explain why different 
types of lactobacilli are apparently used during the manufacture of 
Swiss-type cheeses in different parts of the world. 

7.4.4 LacticNeast Starter Cultures 

The combined activity of mesophilic and thermophilic lactic acid bac- 
teria and yeasts yields a lactic acid/alcohol fermentation in milk (e.g., 
Kefir and Koumiss). Ethyl alcohol is mainly produced, and the level can 
reach as high as 2g 100ml-’; the flavor components are acetaldehyde, 
diacetyl, and lactic acid. The Kefir grains are irregular and whitish in 
color, and the bacteria and yeasts are held together due to the for- 
mation of a glucose-galactose polymer. Chapter 8 is recommended 
for further reading regarding the microflora of such types of starter 
culture. 

7.4.5 Lactic/Mold Starter Cultures 

Finally, mesophilic lactic acid bacteria are mixed with Penicillium 
spp. for the production of mold-ripened cheeses (Marth, 1987) or with 
G. c m d i h n  for the production of Viili (Tamime and Marshall, 1997; 
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see also Chapter 8). It is important to note that these organisms are 
added separately to the processed milk rather than being combined as 
in the case, for example, of Kefir grains. 

7.5 STARTER CULTURE TECHNOLOGY 

The fermentation process of any cultured dairy product relies entirely 
on the purity and activity of the starter culture, provided that the milk 
or growth medium is free from any inhibitory agent (e.g., antibiotics or 
bacteriophage). The traditional method for the production of bulk 
starter is illustrated in Figure 7.9 (system 1); and although the propa- 
gation procedure is time-consuming, requiring skilled operators and 
may lead to contamination by bacteriophage (which is one of the major 

System 1 System 2 
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Figure 7.9. Starter culture preparations. Note: In System 1, stock culture may be liquid, 
freeze-dried, or frozen at -196°C for the production of bulk starter and cheese or fer- 
mented milks, respectively. In Systems 2 and 3, stock culture may be concentrated 
freeze-dried or frozen at -60°C to -196°C for the production of bulk starter and cheese 
or fermented milks, respectively. [After Tamime and Robinson (1 999). Reproduced by 
courtesy of Woodhead Publishing, Cambridge, England.] 
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hazards in the industry), it is still widely used. Nevertheless, research 
work has been intensified in this area to overcome various problems, 
and developmenls in this field have focused on the areas of starter 
preservation and concentration. 

The starter culture must contain the maximum number of viable 
organisms, must be highly active under production conditions in the 
dairy, and must be free from contaminants. Provided that culture 
inoculation is carried out under aseptic conditions and growth is 
initiated in a sterile medium, Foster (1962) suggested that one of the 
following principles must be adopted in order to maintain activity: 

- Reducing and/or controlling the metabolic activity of the 

* Separating the organisms from their waste products. 
microorganisms. 

‘ f ie  former principle is evident in refrigeration, while the latter 
approach is mainly used during the concentration and/or preservation 
of starters-that is, during the production of a concentrated, active bulk 
starter, either in a continuous fermentor or in a batch process, for direct- 
to-vat inoculation (DVI) of the milk (Figure 7.9, systems 2 and 3). 

7.5.1 

I t  is essential that starter cultures be preserved in order to maintain an 
available stock of organisms, especially in the case of a starter failure. 
Also, successive subculturing can induce mutant strains that may alter 
the overall behavior and general characteristics of the starter. Dairy 
cultures may be obtained from research establishments, educational 
colleges, culture bank organizations, or commercial manufacturers, 
and starter culture bacteria may be preserved by one of the following 
methods: 

Methods of Preservation of Lactic Acid Bacteria 

* Liquid starter (mother -+ bulk). 
* Dried starter: (a) spray-dried (unconcentrated), (b) freeze-dried or 

lyophilized (unconcentrated), and (c) concentrated freeze-dried. 
* Frozen starter: (a) frozen at -20°C (unconcentrated), (b) deep 

frozen at -40 to -80°C (concentrated), and (c) ultra-low- 
temperature freezing at -196°C in liquid nitrogen (concentrated). 

Thus, at present, cheesemakers and fermented milk manufacturers 
can choose from various forms of starter culture, depending on the 
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size and complexity of operation. It can be observed from the above 
methods of preservation that the organisms may have been subjected 
to stress conditions during growth (e.g., adverse pH and/or concentra- 
tion), refrigeration shock, freezing and thawing, freezing and drying, 
or drying. Hence, some of the starter bacteria may die or be injured; 
and, in view of the economic importance of starter cultures in the dairy 
industry, the general aim of scientists in this field has been to minimize 
the death rate of, or injury to, the preserved cultures. For further infor- 
mation about the factors affecting the survival of microorganisms, 
including dairy starter cultures, refer to the following texts: Ray (1984), 
and Andrew and Russell (1984). 

7.5.1.1 Liquid Starter Cultures. This is the most popular and 
widely used form in which starter cultures are handled in the dairy. 
Starters are normally preserved in small quantities, but to meet the 
required volume for any production line, a scale-up system of propa- 
gation is required. 

Stock culture + Mother + Feeder or Intermediate + Bulk 

For example, processing 10,000 liters of milk into cheese per day with 
a rate of inoculation of 2ml 100ml-' would require a scale-up propa- 
gation as follows: 

Stock Inii  100nil-' I m l  lOOml-' 2ml 100ml ' - Mother - Feeder -Bulk 
0.4ml 40 ml 4 liters 200 liters 

The working stock cultures are maintained in autoclaved (0.1 MPa 
for 15 min) reconstituted, antibiotic-free, skimmed milk powder 
[10-12g lOOg-' solids non-fat (SNF)], with either weekly or daily 
subculturing. Cheese starter cultures (L.  lactis subsp. lactis and 
subsp. cremoris, L. mesenteroides subsp. cremoris) can be propagated 
up to 50 times without any fear of mutation, and the sterilized medium 
is inoculated at a rate of 1 ml 100ml-' and incubated at 22°C or 30°C 
for 18 h or 6 h, respectively (Walker, personal communication). 
However, recent work in this field (Lawrence and Heap, 1986) suggests 
that repeated subculturing of certain strains of starter bacteria may 
lead to a loss of plasmid material that, consequently, can affect the 
characteristics of the organism (i.e., phage-resistant becomes phage- 
sensitive). The yogurt starter cultures (S. thermophilus and L. delbrueckii 
subsp. bulgaricus) are normally subcultured only 15-20 times as a 
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safeguard against imbalance and to retain the ratio of cocci:rods as 
1 : 1 (Sellars, personal communication). Incubation is carried out at 
42°C for 3-4h, or at 30°C for 16-18h using 2 or 1ml 1OOmlF' inocula, 
respectively. 

Starter culture activity is affected by the rate of cooling after incu- 
bation, level of acidity at the end of the incubation period, and the tem- 
perature and duration of storage. Cooling is important to control the 
metabolic activity of the starter; in practice, however, a warm starter 
(freshly incubated and uncooled) is sometimes used in cheese factories 
and, to some extent, in the yogurt industry. 

The reserve stock culture can be maintained in a liquid form, and a 
slightly extended preservation of liquid cultures of most lactic acid bac- 
teria can be achieved using litmus milk [(g 1OOg-') reconstituted SMP 
10-12, litmus solution 2, yeast extract 0.3, dextrose/lactose 1, enough 
calcium carbonate to cover the bottom of the test tube, panmede 0.25, 
and lecithin 1 (the latter two components were adjusted to pH 7)]. The 
medium is autoclaved at 69kPa for IOmin, and it is incubated for a 
week to check sterility (Shankar, personal communication). The inoc- 
ulated medium is incubated for a short period of time, and it is stored 
under ordinary refrigeration. Reactivation is only necessary once every 
3 months. 

However, alternative techniques for maintaining cheese cultures 
in the laboratory may include the following methods: First, inoculate 
0.lml of  a fresh, active culture into ZOml cold, sterile milk and store at 
4°C until required; second, incubate culture until a visible clot occurs 
and store at 4°C. The latter approach can increase the lag phase during 
subsequent use if the storage period is extended for several weeks, so 
that subculturing once per week is recommended (Ross. 1982). 

7.5.7.2 Dried Starter Cultures. The preservation of starter cultures 
by drying is an alternative method for culture retention. The develop- 
ment of such processes seeks to overcome the work involved in main- 
taining liquid stock cultures: it also facilitates the dispatch of dried 
cultures by post without any loss in activity.The different methods used 
are as follows: 

- Vacuum- and spray-drying (i.e., old methods not used at present 

* Lyophilization or freeze-drying (this method is widely used in 

* Freeze-drying of concentrated cultures (widely used commer- 

time). 

laboratories). 

cially). 
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Prior to the 19SOs, vacuum drying was the normal practice 
(Tofte-Jespersen, 1974a,b, 1976). The process consists of mixing a liquid 
culture with lactose and then neutralizing the excess acid with calcium 
carbonate. The mixture is partially concentrated by separation and/ 
or expressing the whey, thereby yielding granules that are dried 
under vacuum. The dried starter contains only 1-2% viable bacteria, 
and they may require several subcultures before regaining maximum 
activity. 

Higher survival rates in dried starters can be achieved by growing 
the culture with pH control using Ca(OH), as a neutralizing agent, fol- 
lowed by evaporation at 27°C to 22g 1OOg-' total solids (TS), spraying 
drying at 70°C to 9g lOOg-' moisture with the powder temperature 
below 42"C, and finally vacuum drying at 27°C and 1-2mmHg until the 
dried culture has -5g 1OOg-' moisture. This method was developed in 
Holland by Stadhouders et al. (1969). The dried starter is claimed to be 
as active as a 24-h liquid starter. Although this development in starter 
technology proved promising, the system has not been developed com- 
mercially.The reason could be the usually low survival rates of the dried 
cultures-that is, 10% for the majority of mesophilic lactic acid bacte- 
ria and 44% for L. lactis subsp. lactis biovar diacetylactis. However, the 
addition of mono-Na-glutamate and ascorbic acid to a starter culture 
propagated in a buffered medium did protect the bacterial cells to some 
extent, and the spray-dried culture retained its activity after storage for 
6 months at 21°C (Porubcan and Sellars, 197Sa). Anderson (1975) 
claimed in a Swedish Patent No. 369470 in 1974 that yogurt starter cul- 
tures (ratio of cocci :rods -40 : 60 to 60: 40) can be obtained in the spray- 
dried form when the starter is propagated in concentrated skimmed 
milk (18-24g loo-' TS) fortified with cyanocobalamin, lysine, and 
cystine. The drying temperature can be as high as 7540°C without 
causing any bacterial damage. Despite the advantages claimed for 
spray-dried cultures, it seems that this system of preservation is not 
widely used. 

Teixeira et al. (1994, 199Sa,b,c) reported that the death kinetics of 
L. delbrueckii subsp. hulgaricus during spray-drying were influenced 
by many factors such as the following: 

- The logarithmic survival ratio decreased with increased outlet air 
temperature with first-order kinetics, and pseudo-z for the organ- 
ism was - 17°C. 

- The calculated activation energy (&) above 70°C and below 70°C 
were 33.5 and 86 kJ mol-', respectively. 
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- The relationship between the entropy and enthalpy of activation 
for both spray-drying and heating in liquid medium was linear; the 
data for drying fell in the range of negative entropy. 
High storage temperature and water activity (A,,,) reduced the sur- 
vival rate of the dried microbial cells. 

- The survival rate of L. delbrueckii subsp. bulguricus was higher in 
the presence of mono-na-glutamate and ascorbic acid during 
storage at 4°C and 20°C, respectively. 

- The preserved cells were sensitive to NaCl, antibiotics, and 
lysozyme due to damage of the cell membrane, DNA, and cell wall. 

- The ratio of unsaturated:saturated fatty acids of the microbial 
cell membrane decreased after spray-drying and during storage 
in air-tight packages, indicating lipid oxidation (Teixeira et al., 
1 996). 

However, highest survival of rate of spray-dried L. luctis subsp. lacti5 
was obtained using a cell concentration of -20% in the feed solution 
to the dryer, along with an outlet air temperature at 77°C (Fu et al., 
1994,1995; Fu and Etzel, 1995). Similar results were reported for L. uci- 
dophilus by Johnson and Etzel (1993,1994). In a separate study,To and 
Etzel (1997) found that the reduction in survival rate of some starter 
cultures was dependent on the species and method of preservation; the 
survival after spray-drying was greatest for S. thermophilus > L. para- 
cusei subsp. parucusei > L. lactis subsp. crernoris. Egyptian researchers 
(Abd El-Gawad et al., 1989; Metwally et al., 1989) recommended the 
following for optimal survival after spray-drying of the yogurt 
microflora and L. luctis subsp. lactis: (a) addition of dextrin or netural- 
ization of the culture to pH 6.8 before drying, (b) growth of the culture 
for 24h only, and (c) storage of the preserved culture at 5-7°C or 
-15°C; the latter storage temperature was more effective, especially 
for LactobnciIluA spp. Another effective method of protecting the 
cells of starter cultures against drying damages is microencapsula- 

tion (Desmons el al., 1998). The reader is referred to Hill (1987) and 
Boyaval and Schuck (1994) for general aspects regarding the spray- 
drying of starter cultures or the effect of spray-drying on the cell 
viability and bacteriocin activity of dried lactic acid bacteria stored for 
60 days at 4°C (Mauriello et al., 1991). 

The addition of mannitol to washed pellets of L. lactis subsp. lacti5 
before drying at 20°C in Petri dishes by exposure to air (31g 10Og-l rel- 
ative humidity (RH) for 72 h) and subsequent drying by desiccation 
resulted in survival rate of the dried cells at a level equaling the viable 
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cell count of the culture before drying (Efiuvwevwere et al., 1999). 
However, the lag phase of the rehydrated culture was extended by 4h, 
and the same authors hypothesized that the radical activity of manni- 
to1 could, in part, explain the protection of the culture during drying. 

In contrast, freeze-dried cultures are produced when the starter is 
dried in the frozen state. This method of starter preservation improves 
the survival rate of the dried culture, and good results have been 
achieved as compared with spray-dried starters (To and Etzel, 1997). It 
has been observed that the process of freezing and drying can damage 
the bacterial cell membrane, but the damage is minimized by the addi- 
tion of certain cryogenic agents/compounds prior to freezing and 
drying (Nastaj, 1996). Many different media, additives, or techniques 
have been studied by many researchers to determine the optimum 
conditions for the production of freeze-dried cultures, and some 
examples include milk solids, Na-glutamate, gelation, Tween 80, p- 
glycerophosphate, malt extract, soya plus casein, sheep or horse serum, 
sucrose in chopped meat carbohydrate broth, and vitamin E (Tamime 
and Robinson, 1976; Kilara et al., 1976; Hup and Stadhouders, 1977; 
Yang and Sandine, 1979; Ozlap and Ozlap, 1979; Ishibashi et al., 1985; 
Staab and Ely, 1987; Kim et al., 1988). In addition, an American patent 
was filed in the mid-1970s for the production of freeze-dried starter cul- 
tures (Porubcan and Sellars, 1975b); in brief, the process can be 
described as follows: Propagate the starter culture in a milk-based 
medium (pH adjusted to 6.0-6.5) plus additives (e.g., ascorbic acid, 
mono-Na-glutamate, aspartate compound) plus cryoprotective agents 
(e.g., inositol, sorbitol, mannitol, glucose, sucrose, corn syrup, DMSO, 
PVP, maltose, mono- or disaccharides; see also Nazzaro et a]., 1999). 
The early commercial freeze-dried starter cultures were not suitable for 
DVI application, and it was necessary to propagate these cultures a few 
times to reestablish their activity prior to fermentation (Porubcan and 
Seliars, 1979). 

In other patents (Amen and Cabau, 1984,1986), cheese starter cul- 
tures are grown in a special medium containing a “nutritive substrate,” 
and the pH is maintained >5.5 by the addition of a neutralizing agent 
(i.e., ammonium hydroxide). The removal of the inhibitory ammonium 
lactate is carried out by ultrafiltration and the addition of water. The 
concentrated culture is then freeze-dried, and it is suitable for DVI 
applications in the manufacture of cheese. 

It is evident that a wide range of compounds could be used as cry- 
oprotective agents during the freeze-drying of starter cultures, and 
Morichi (1972, 1974) has studied the effect of different protective 
solutes on the survival rates of lactic acid bacteria (see Table 7.9). He 
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TABLE 7.10. Effect of Different Protective Compounds in Preserving Maximum 
Viability (>50%) of Lactic Acid Bacteria Subjected to Freeze-Drying 

Microorganisms 

Lactobacillus casei subsp. casei 
ATCC 393 

Luctobacillus plantarum ATCC 8014 

Lactobacillus delbrueckii subsp. 

Lactococciis lactis subsp. cremoris 

Lactococcus luctis subsp. lactis T164 

bulguriciis ATCC 11 842 

ATCC 19257 

Streptococcus thermophilus 
ATCC 19258 

Ixuconostoc rnesenteroides subsp. 
crenioris ATCC 19254 

Protective Agent Survival (%) 

Dextran-W' or -M" 
Na-glutamate-M 60 
P-Glycerophosphate-W or -M 
PEG 1000-W 50 
Dextran-M 58 
Na-glutamate-M 70 
P-Glycerophosphate-W or -M 
Cysteine-M 78 

50 or 74 

70 or 54 

85 or 58 

Na-glutamate-W or -M 60 or 57 

PEG 1000-M 85 
Na-glutamate-W or -M 
Glycerol-W or -M 
P-Glycerophosphate-W or -M 
PEG 1000-W or -M 
Na-glutamate-W or -M 
Asparagine-M 78 
0-Glycerophosphate-W or -M 

95 or 86 
75 or 53 
93 or 80 
84 or 52 
97 or 82 

62 or 94 
Na-glutamate-W 100 
P-Glycerophosphate-W 78 

"W =Additive suspended in sterile distilled water. 
"M = Additive suspended in sterile reconstituted skimmed milk powder (lactobacilli and lacto- 
cocci in 20 and 10g 10Og-' solids, respectively). 
PEG 1000 = polyethylene glycol 1000. 
ATCC = American Type Culture Collection. 

Source: Adapted from Font de Valdez et al. (1983a). 

concluded that these protective solutes are hydrogen-bonding and/or 
ionizing groups that help to prevent cellular injury by stabilizing the 
cell membrane constituents during the preservation procedures. 
However, in a separate study, Font de Valdez et al. (1983a,b) have 
studied the efficacy of some additives in protecting 13 different strains 
of lactic acid bacteria against freeze-drying, and a summary of their 
work is shown in Table 7.10. 

Up to around 1990 [see the reviews by Tamime (1990) and 
Champagne et al. (1991b)], it was possible to summarize the factors that 
can affect the survival rate of freeze-dried dairy starter cultures as follows: 

- Most lactic acid bacteria preserve well-with the exception 
of L. delbrueckii subsp. bulgaricus and L. helveticus, which are 
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sensitive to freezing and drying. Propagation of the starter culture 
in milk fortified with yeast extract and hydrolyzed protein 
improves the survival rate, and raising the cell concentration of a 
culture e.g., >lO1Ocfuml-l) can increase the viable number of bac- 
teria in the dried culture. 
Starter cultures are less sensitive to freezing and drying if the cells 
are harvested toward the latter part of the exponential phase- 
with the exception of L. delbrueckii subsp. bulguricus and Lacto- 
coccus luctis subsp. cremoris, where the cells are harvested in the 
early stages of the stationary phase. 

- Media in a pH range of 5-6 are more favorable to high survival 
rates, and neutralization of the growth and the suspending medium 
is essential (e.g., skimmed milk plus Na-malate proved suitable for 
S. thermophilus; a solution of lactose and arginine hydrochloride 
gave protection to L. delbrueckii subsp. bulguricus; and glutamic 
acid gave protection to Leuconostoc spp. (see also Pereda Alardin 
et al., 1990). 

- The moisture content of the dried culture must be less than 3g 

* Dried cultures stored at 5-10°C showed higher rates of survival 
during prolonged storage than did those stored at room tempera- 
ture. Vacuum or modified atmosphere packaging of the dried cul- 
tures is highly recommended because the preserved organisms are 
sensitive to oxygen; however, the most popular type of packaging 
material for dried cultures is the glass vial, followed by the lami- 
nated, aluminum foil sachet (see Figure 7.10A; Heiner, 1990). 
Freezing cultures at -20 to -30°C and drying at temperatures 
between -10 arid 30°C results in high bacterial activity of the dried 
culture. 

* Carbonyl compounds, such as pyruvate and diacetyl, which 
can react with the amino groups within the preserved cells, can 
accelerate their death. It is recommended that these compounds 
should be separated from the harvested cells. For the long-term 
preservation of freeze-dried cultures, the suspending medium must 
be fortified with nonreducing sugars, amino acids, and/or semicar- 
bazide. The presence of adonitol and glycerol in the suspending 
medium protected different strains of lactic acid bacteria which 
were subjected to freeze-drying (Font de Valdez et al., 1983b, 
198Sa). 

* Freeze-drying of L. acidophilus adversely affected the H bonds 
involved in binding the surface layer protein to the cell wall, and 

100 g-' . 



Figure 7.10. Some packaging systems used for starter cultures. (A) aluminum foil 
sachet and (B) laminated cartons and metal cans. [Reproduced by courtesy of Chr. 
Hansen (UK) Ltd., Hungerford, England.] 
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it was lost from the dried cells; glycerol protected such bonds 
(Brennan et i21., 1986; Ray and Johnson, 1986). 

* Factors that increased the survival rate of L. casei subsp. casei and 
B. h@&m after freeze-drying were as follows: (a) Addition of p- 
glycerophosphate (8.1 g 10Og-’) had greater cryoprotection effect 
than adonitol, polyethylene glycol, or Na-glutamate, (b) immobi- 
lization of the cells on Na-alginate increased survival rates during 
the freeze-drying of concentrated cultures, (c) addition of Ca” to 
growth media enhanced the survival rate of the microorganims 
compared to a Ca”-deficient medium, and (d) viability of the cells 
was affected by the pH of the growth medium, and optimum pH 4 
and 6 were recommended for the lactobacilli and bifidobacteria, 
respectively (Kim and Yoon, 1995). 

- Rehydration temperature can affect the leakage of cellular ribonu- 
cleotides from damaged cells. Although S. thermophilus and L. 
lactis subsp. factis and subsp. cremoris showed little response to 
rehydration temperatures, it is recommended that L. delbrueckii 
subsp. hulgaricus is rehydrated at 20-25°C (Morichi et al., 1967). 
However, Font de Valdez et al. (198%) concluded that the 
optimum rehydration temperature of both mesophilic and ther- 
mophilic lactic acid bacteria is 20°C. 

* Up-to-date studies on the preservation of dairy starter cultures 
using the freeze-dried method are shown in Table 7.1 1 [see also the 
review by Tamime and Robinson (1999) for specific details regard- 
ing the preservation of the yogurt microflora]. 

- Recently, probiotic starter cultures such as 1,. paracasei subsp. para- 
casei F19, L. rhamnosus GG, L. johnsonii Lal, and B. lactis BB12 
(now renamed as B. aniwiafic; Cai et al., 2000) were success- 
fully preserved (i.e., freeze-dried and frozen) by Chr. Hansen, 
and the survival rate was llOloglocfuml-’ or g-’ (Saxelin et al., 
1999). 

The rehydration medium plays a major role in the recovery or sur- 
vival of freeze-dried lactic acid bacteria; and because the rehydration 
of a dried culture in liquid medium is complete within a few seconds, 
the composition of such diluents can either protect or damage the bac- 
terial cells. Thus, ccxtain compounds in the rehydration medium act as 
osmotic buffers, thereby regulating the entry of water into the dried 
cells. Published work in this field is somewhat limited; and although 
different rehydration media have been studied, definite conclusions 
cannot be drawn because the wide range of starter organisms available. 
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and sometimes different strains within the same bacterial species, 
respond in different ways. The reader should consult the following pub- 
lications regarding the behavior of dairy starter cultures (Ray, 1984; 
Font de Valdez et al., 1985c,d, 1986). 

Starter cultures preserved by freeze-drying tend to have a 
prolonged lag phase, and they are mainly used as inoculants for the 
propagation of mother cultures (see Figure 7.9, system 1). Larger quan- 
tities are needed for direct inoculation of the bulk starter, and an 
extended incubation time may be required (Sellars and Babel, 1985). 
Developments in the last few years have made it feasible to produce 
concentrated, freeze-dried cultures (CFDC) for direct inoculation of 
the bulk starter vessel or for DVI of milk for the manufacture of cheese 
and other fermented dairy products (see Figure 7.9, systems 2 and 3, 
respectively). 

Since 1980, there have been great technological developments in the 
production and preservation of direct-to-vat freeze-dried cultures, and 
Porubcan (1991) has detailed the preparation and commerical produc- 
tion of freeze-dried cultures. The activity of such cultures is primarily 
dependent on the following factors: 

- Percentage survival rate-the average count for most commercial 
applications is -10"-10'2 cfug-'. 

- The moisture content-a target figure is <3g IOOg-'. 
- Gas flushing the package with N2. 
* Storage at refrigeration temperature-however, prolonged shelf- 

life is achieved by storing the dried cultures at --20"C. 

Another technique for the preservation of starter cultures uses milk- 
based powders to absorb the moisture from the growth medium, and 
Harju et al. (1984) achieved a 50% survival rate for L. helveticus and 
propionibacteria species when mixed with SMP; the process of freeze- 
drying was more successful. 

7.5.7.3 Frozen Starter Cultures. Starter cultures can also be pre- 
served in the frozen form, and such cultures are produced by two dif- 
ferent routes: 

- Deep or subzero freezing (-20 to -8O'C). 
- Ultra-low-temperature freezing at -196°C in liquid nitrogen. 
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Sterile milk freshly inoculated with an active starter culture is deep 
frozen at -30 to -40°C for preservation as a mother or feederlinterme- 
diate culture. Such frozen cultures can retain their activity for several 
months when stored at -40°C, and this method of culture preservation 
became popular in the UK cheese industry because deep frozen cul- 
tures were produced in centralized laboratories and could be dispatched 
to a dairy in dry ice whenever required. Such cultures have now been 
replaced by the concentrated, frozen type for direct inoculation of bulk 
starter tanks or DVI of milk for the manufacture of cheese or fermented 
milks (see Figure 7.9, systems 2 and 3, respectively). 

Freezing and prolonged storage at -40°C can lead to a deterioration 
in starter culture activity, and can damage certain lactobacilli, but the 
use of a medium containing (g 100g-I) skimmed milk 10, sucrose 5 ,  fresh 
cream, NaClz 0.9, or gelatin 1 can improve survival rates (Imai and 
Kato, 1975). In addition, concentrated cells ( 10'"-1012cfu ml-I) frozen at 
-30°C and in the presence of certain mixtures of cryogenic compounds 
(Na-citrate, glycerol, Na-P-glycerophosphate, yeast extract, sucrose, 
cream, sterile skimmed milk, peptone. trehalose, or lactose) have been 
retained as active as the original cultures in the case of mesophilic 
organisms, Lactobacillus spp. or propionic acid bacteria (Barbour and 
Priest, 1986; Oberman et al., 1986;Toyoda et al., 1988; de Antoni et al., 
1989; Tamime, 1990; Abraham et al., 1990; Zlotowska and Ilnicka- 
Olejniczak, 1993; Fonseca et al., 2000). However, Weerkamp et al. 
(1 996) managed to preserve pure cultures of mesophilic lactic acid bac- 
teria at -82°C in cryovials containing M17 medium supplemented with 
15 ml 100 ml-' glycerol. Recently, Wouters et al. (1999) reported a - 100- 
fold increase in the survival rate of L. lactis subsp. luctis MG1363 after 
freezing when the cells were temperature-shocked at 10°C for 4 h com- 
pared to cells taken midlogarithmic phase during growth at 30°C; this 
protection was attributed to the induced 7-kDa cold-shock proteins 
(CSP) generated at 10°C by the lactococci. 

Nevertheless, earlier studies by researchers have suggested that 
although freezing and storage at -40°C has proved to be a successful 
process for preserving starter cultures, storage at -80 to -100°C in 
liquid nitrogen vapor improves the survival rate of the frozen organ- 
isms during storage. L. lnctis subsp. crernoris strains have been grown 
individually in PHASE 4 medium (see Section 7.7) and then frozen 
unconcentrated; glycerol is required to preserve cultures stored at - 
20°C. but no cryoprotectants were needed to preserve the viability and 
activity of cultures stored at -40 and -80°C (Thunell et al., 1984a,b). 
However, freezing in liquid nitrogen at -196°C is by far the best 
method, and one of the earliest commercial applications has been 
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patented in the United States (Christensen, 1969). The review by 
Gilliland (1985) shows the extent of the work that has been carried out 
in this field, and the freezing and thawing cycle is still regarded as an 
important factor in the successful use of frozen cultures in the dairy 
industry. An organism that is highly susceptible to damage during 
freezing is L. delbrueckii subsp. bulgaricus, but it was found that 
the presence of Tween 80 and Na-oleate improved cell stability. 
L. acidophilus is also susceptible to freezing and thawing, and the injury 
is associated with cell wall components other than peptidoglycan; such 
injury is reversible by repair of the cell wall components (Johnston et 
al., 1984). However, the type of growth medium, neutralizing agent 
used, and/or cryoprotective compound(s) can play a major role in the 
activity of the preserved culture, and the review by Gilliland (1985) 
highlights these factors in relation to different species of lactic acid 
bacteria. 

Because cryoprotective compounds may not be suitable for the 
preservation of certain species of lactic acid bacteria by freezing, it is 
possible to grow cultures in, for example, pepsinized sweet whey. 
Mitchell and Gilliland (1983) managed to grow L. acidophilus in such 
a medium, and they maintained at pH 6.0 using a neutralizer consist- 
ing of sodium carbonate and ammonium hydroxide. The cell count was 
around 1 x 109cfuml-'; and after freezing in liquid nitrogen, the stabil- 
ity of the culture after 28 days of storage was excellent. 

Freezing cultures in liquid nitrogen has made possible the DVI of 
milk for cheese and yogurt production, or direct inoculation of the bulk 
starter (see Figure 7.9, systems 2 and 3). The advantages of this 
approach are as follows: convenience, culture reliability, improved daily 
performance and strain balance, greater flexibility, better control of 
phage, and possible improvement in quality. However, the disadvan- 
tages are as follows: difficulties in providing liquid nitrogen facilities, 
higher cost, greater dependence on starter suppliers, and apportioning 
of responsibility in case of starter failure (Tamime and Robinson, 1976; 
Wigley, 1977; Maruejouls and Caigniet, 1983). However, Wigley (1980) 
has discussed the successful use of liquid nitrogen frozen cultures for 
the manufacture of Cheddar cheese. 

It is of the utmost importance that the thawing and handling of 
frozen cultures is carried out according to the supplier's recommenda- 
tions, and a typical procedure is as follows: 

* Remove can from liquid nitrogen storage. 
* Thaw in water containing 100-200 pg 8-l hypochlorite solution at 

20°C for 10min. 
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- When culture is partially thawed (i.e., contents are just loosened), 
remove can from water, open lid, and add directly to bulk starter 
milk or milk for processing. 

Rapid thawing in a water bath at 2045°C rather than slow thawing 
at 4°C has been recommended, while other researchers have suggested 
rapid defrosting at 50-55°C for 3min (Tamime, 1990). Thawing of 
frozen cultures in pellet form is not required at all, and the culture is 
added directly to milk. 

Current research work on frozen starter cultures suggest that the use 
of skimmed milk as a growth media preserved L. delbrueckii subsp. hul- 
guricus and L. luctis subsp. lactis better at -20°C compared with MRS 
broth (Kim and Yu, 1990). The same authors also reported the follow- 
ing: (a) Washed cells treatment before freezing enhanced lactic acid 
production after thawing the cultures that had been stored for 8 months 
at -20"C, and (b) the survival rate (cfuml-') of the lactococci (i.e., 
stored for 7 months at -20°C) grown in skimmed milk supplemented 
with glycerol, SMP, or lactose after freezing was 2.7 x and 0.79 x 10'cfu 
ml-', respectively. Incidentally, the count before freezing averaged 
9.12 x 10*cfuml-'. However, supplementation of the growth media 
(skimmed milk l o g  l00g-I SNF) with CaC03 (0.lg 100ml-') provided 
more stable cells of L. ucidophilus frozen at -20°C (Bozoglu and 
Gurakan, 1989). The addition of lactose or sucrose (5g lOOg-') to cen- 
trifuged pellets of cells stored at -40 or -70°C resulted in the highest 
viability of L. luctis subsp. l a d s  (Chavarri et al., 1988; see also 
McIntyre and Harlander, 1989). 

Recently, Morice et al. (1 992) suggested the following recommenda- 
tions to optimize the survival rate of S. thermophilus during freezing 
and storage: 

- Freezing the cells in the stationary phase rather than the expo- 
nential phase enabled the cells to resist the processing conditions 
better when the organism was grown in synthetic media, but no dif- 
ference was observed if milk was used as the growth medium. 

- The survival rate of the starter culture was influenced by the freez- 
ing rate and the strain. 

- Cryoprotectants (e.g., dimethyl-sulfoxide, glycerol, xylitol, 
adonitol, and raffinose) also improved resistance to cellular 
damage during freezing. 

- Prolongation of the freeze-thawing stage altered the survival rate 
of the preserved cells, and the effect was also strain-related. 
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Hence, it is evident that the rate of freezing and the process of freeze- 
thawing are important if damage to the microbial cells is to be mini- 
mized. Oberman et al. (1995) and Libudzisz et al. (1991) recommended 
that freezing rate should be at 2.3"Cs-' when using a vessel -7mm in 
diameter in an ethanol/C02 bath at -78°C; such a freezing rate is suit- 
able for processing the biomass of species belonging to the genera 
Lactococcus Leuconostoc, and Lactobacillus. However, two-phase 
freezing was found to be suitable for L. acidophilus-for example, first 
phase to -10°C and second phase to -70°C at a rate of -2.3 to -9.O"C 
and -8"Cs-', respectively (Lidudzisz and Mokrosinska, 1995). Never- 
theless, the thawing rate for frozen cells of lactococci, leuconostocs, and 
lactobacilli should be -3"Csd in order to achieve 86-94% survival of 
the frozen cultures (Piatkiewicz and Mokrosinska, 1995). The kinetics 
of the freezing and thawing processes for lactic acid bacterial biomass 
was detailed by Walczak et al. (1995). According to Font de Valdez and 
de Giori (1993), freezing and thawing render L. delbrueckii subsp. bul- 
garicus more sensitive to NaCl and liver extract, and the amino acid 
transport system is depressed. The injured cells could be partially 
repaired with a solution of pyruvate, MgS04, and KH2 PO4 (see also 
Foschino et al., 1992). 

Over the past decade, more knowledge has become available on cry- 
otolerance and cold stress in starter cultures. Panoff et al. (2000) have 
suggested that the connection between the stress generated by trans- 
ferring lactic acid bacteria to a low-temperature environment and the 
correlated response may be evaluated using the following approaches: 
(a) the physiological response of the microbial cell (i.e., growth and cry- 
otolerance), (b) the generated biochemical modifications (e.g., degree 
of fatty acids desaturation and protein profile), and (c) the control of 
the cold shock response (see also Panoff et al., 1994, 1995, 1998; 
Thammavongs et al., 1996; Mayo et al., 1997). However, Gomez-Zavaglia 
et al. (2000) studied the fatty acid composition and freeze-thaw resistance 
in lactobacilli (L. delbrueckii subsp. delbrueckii, lactis and bulgaricus, 
L. acidophilus, and L. helveticus), and they reported the following 
observations: 

- Five fatty acids [C14:0 to C19:O (cyclopropane)] made up to 90% 
of the cellular pool. 

* Strains containing a high level of unsaturated fatty acids (66-70%) 
had decreased freeze-thaw resistance with increasing concentra- 
tion of cyclopropane (cyc 19:O). 

- Increased freeze-thaw resistance was observed in strains of 
lactobacilli with low concentrations of unsaturated fatty acids 
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(42-49%) and with increasing levels of cyc 19:O (see also Johnson 
et al., 1995). 

Commercial frozen starter cultures are packaged in metal cans, 
or the pelleted frozen type is packaged in laminated cartons (see 
Figure 7.10B). 

7.5.7.4 immobilized Starter Cultures. Immobilized cell technology 
(ICT) has many potential applications in the dairy industry, but it has 
not been applied in large-scale operations (see the reviews by 
Champagne et al., 1994a; Sodini-Gallot et al., 1998). According to the 
same authors, the applications of ICT in the dairy industry are as 
follows: 

- Culture processing 
- Milk and whey treatments 

Some of the dairy applications of ICT include (a) the continuous fer- 
mentation of milk and U F  milk by starter cultures (Kim et al., 1985a,b; 
Sodini-Gallot et al., 1995, 1997a), (b) the production of fresh cheese 
(Prevost and Divies, 1987; Sodini-Gallot et al., 1997b), (c) the produc- 
tion of yogurt (Prevost and Divies, 1988a,b), and (d) the growth of 
starter cultures in whey (Steenson et al., 1987; Champagne et al., 1986, 
1988,1993; Norton et al., 1994; Passos et al., 1994; Lapointe et al., 1996; 
Lamboley et al., 1997). However, other applications of ICT include the 
production of bacteriocins, cheese flavors, and starter cultures 
(Sodini-Gallot et al., 1998); the latter aspect will be reviewed in detail. 

ICT of starter cultures can be used to store cultures at dairy facto- 
ries or to transport cultures without the need of freezing or drying 
(Champagne et al., 1994b). According to Sodini-Gallot et al. (1998), the 
advantages of ICT in industrial fermentations are as follows: 

- High productivity. 
Protection of cultures against biological or chemical 
contamination. 

* Continuous and stable operation of fermentation processes. 
* More adaptable to starter culture production than milk process- 

ingkreatments in dairy factories. 

Some of these aspects have been evaluated on specific starter 
cultures, and some examples include (a) Lactococcus spp. (Passos 
and Swaisgood, 1993; Cachon et al., 1998), (b) yogurt microflora 
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(Buyukgungor and Caglar, 1990; Audet et al., 1991b; Ragout et al., 
1996), and (c) L. casei subsp. casei (Arnaud et al., 1992). Current studies 
on the production and preservation of starter cultures using ICT tech- 
nology are shown in Table 7.12. 

7.5.7.5 Miscellaneous Starters. Different methods for the preser- 
vation of starter cultures have been reported in the literature, (see 
Tamime and Robinson, 1999), and a summary of those techniques is 
provided below: 

Mesophilic and thermophilic lactic acid bacteria have been pre- 
served on anhydrous silica gels under vacuum for 3 years; only the 
yogurt culture showed reduced activity after storage for 2 years (de 
Silva et al., 1983). 

- The addition of 0.5-2g 100g-' of calcium carbonate to starter cul- 
tures increased the survival rate even at elevated temperature- 
for example, 20°C or 30°C (Kang et al., 1985). 

- Na-citrate and potassium phosphate buffer solutions have been 
reported to conserve the activity of dairy starter cultures, but the 
survival rate was rather low, which affected the rate of acid devel- 
opment and flavor production by some cultures (Sultan et al., 
1987). 

- Lactic acid bacteria (i.e., single strains) have been suspended in 
MRS broth or 15g 100g-' reconstituted skimmed milk powder 
and dried onto 5- to 7-mm porcelain beads; in general, the 
percentage survival was low, but the rate was influenced by the sus- 
pending medium; the potential to produce lactate and carbonyl 
compounds decreased after 12 months' storage at 4°C (Magdoub 
et al., 1987). 

* Lactococcus lactis subsp. lactis C2 and subsp. crernoris HP have 
been immobilized in calcium alginate beads; these cultures were 
immune to bacteriophage attack because they were embedded in 
the gel matrix away from the phage particles, but the rate of acid 
production, vis-2-vis cells freely suspended in milk, was lower due 
to the limited diffusion of nutrients into the beads (Steenson et al., 
1987; see also Section 7.5.1.4). 

7.5.2 Concentration of Cells 

It can be observed from the information above that the survival 
rate of the preserved starter culture is dependent on the processing 
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conditions (growth medium, presence of cryogenic compounds, freez- 
ing, and drying) and on the method of cell concentration. A few decades 
ago, the cell concentration systems that were widely used were (a) 
mechanical separators (e.g., Sharples at 5,500 x g, or ultracentrifuge at 
15,000-20,000 x g), which can cause some physical damage to the bac- 
terial cells, and (b) diffusion culture techniques or dialysis [see the 
reviews by Tamime (1990) and Piirtner and Markl, (1998)l. However, 
the current method of concentration used by commercial culture man- 
ufactures consists of two-stage concentration before freeze-drying or 
freezing (HQier et al., 1999). The process line consists of the following 
sections: 

- Tank for growth media preparation. 
- Heat treatment equipment [i.e., ultra-high temperature (UHT)] to 

sterilize the growth media. 
* Aseptic fermentation tank fitted with (a) pH control including 

continuous neutralization of the growth medium to maintain 
the pH at 6.0-0.3 or 5.5-6.0 for mesophilic and thermophilic lactic 
acid bacteria, respectively, by the addition of NaOH or NH,OH; 
this system produces a high cell biomass, which is then concen- 
trated (see later); the formation of Na-lactate can be inhibitory, 
and hence separation increases the degree of concentration that is 
possible (Anonymous, 1970, 1972; Barach and Kamara, 1986; 
Parente and Zottola, 1991; Borzani et al., 1993), (b) an inoculation 
port to inoculate the media with starter culture, (c) a temperature 
control system to maintain the optimum growth conditions of 
the culture, and (d) control of the speed of agitation and composi- 
tion of head space gases which are optimized for each bacterial 
strain. 

* Cooling to stop the metabolic activity of the starter culture for 
storage in an intermediate buffer tank. 

* Concentration of the microbial cell biomass by centrifugation, 
ultrafiltration, or cross-flow filtration (Ferras et al., 1986; Taniguchi 
et al., 1987; Boyaval et al., 1987,1988; Prigent et al., 1988; Hayakawa 
et al., 1990; Roy et al., 1992; Corre et al., 1992; Gagne et al., 1993; 
Suzuki, 1996), along with storage in an intermediate tank for 
further processing. 

- Production of commerical starter cultures by (a) freeze-drying fol- 
lowed by packaging or (b) formation of pellets followed by freez- 
ing and packaging or freeze-drying and later packaging (see Figure 
7.10). 
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It is evident that rapid development has taken place in the technol- 
ogy of starter cultures since the 1980s, and a typical cell count in com- 
mercial cultures may be 100-200 billion cfu g-' in a freeze-dried culture, 
or 100-300 billion cfuml-' in frozen cultures which can be used for the 
direct production of bulk starter or product (Hansen, 1980;Tamime and 
Robinson, 1999; Hoier et al., 1999). However, Martin (1983) described 
the production of freeze-dried type by Rhodia in France (formerly 
known as IZAL or Eurozyme). An illustration of a fermentor used to 
produce high number of cell biomass is shown in Figure 7.11. 

Another method used to concentrate starter culture (i.e., L. aci- 
dophilus and B. hifidum) cells continuously involves two successive 
cell-recycle bioreactors (Boyaval et al., 1992). The growth medium was 
prepared by recombination [(gliter-') of sweet cheese whey powder 65, 
autolyzed yeast extract 10, ascorbic acid 1, caseinates 11 in deionized 

Figure 7.11. Equipment for the production of starter culture concentrate prior to 
freeze-drying. Note: On-site view of a processing tank for production of starter culture; 
ammonium compound is used to neutralize the acid produced. (Reproduced by cour- 
tesy of Rhodia Food UK Ltd., Stockport, England.) 
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water. Lactobacillus acidophilus was propagated in a second bioreac- 
tor, which was connected to the permeate outflow of a microfiltration 
plant fitted onto the first bioreactor. Also, the second bioreactor was 
fitted with another microfiltration plant, and both units are used to con- 
centrate the microbial cells. The cell productivities of L. acidophilus and 
B. h$dunz were 7.6 x 10’ and 3.2 x lO’cfuml-’ h-’, respectively. This 
method of starter culture production also allows a study to be made of 
the relationship between the two microfloras without mixing them 
together (Boyaval et al., 1992). 

7.5.3 Preservation of Molds 

Blue and white molds are normally preserved by freeze-drying, or with 
a fluid-bed drier as reported by Hylmar and Teply (1970) for the preser- 
vation o f  I? royueforti. The dried cultures are resuspended in sterile 
or boiled water, and the resultant preparation is referred to as the 
“working culture.”The rehydrated spores can remain active for a week 
at 5°C. The application of these molds in the dairy industry depends on 
the end product; and according to Galloway (personal communica- 
tion), a culture of white mold can be used in one of the following ways 
during the manufacture of Camembert or Brie: 

- Direct inoculation of the milk, along with the lactic starter, prior 
to the addition of rennet. 
Spraying the mold “solution” onto the cheese curd before salting. 

- Coating the surface of cheese with a special mixture of salt and 
dried mold spores. 

However, the application of blue molds is as follows: (a) using two of 
the methods mentioned above, (b) adding the mold culture to the curd 
immediately after filling the cheese molds, and (c) growing the mold 
on brown bread crumbs, shaping the mycelial mass into balls, which are 
then wrapped in muslin cloth and rubbed by hand into the milk after 
the addition of the lactic starter. 

Ottogalli and Rondinini (1976) reported on the preservation of the 
molds and lactic acid bacteria used in the production of Gorgonzola 
cheese. The method comprised growing the cultures in milk at pH 
5.5-6.5 to give 1O8-l0’cfurnl~’, followed by freezing at -18°C. The sur- 
vival rates for the particular organisms were as follows: S. thermophifus. 
18%; L. lactis subsp. lactis, 38%; L.  mesenteroides subsp. cremoris, 



STARTER CULTURE TECHNOLOGY 321 

80%; L. delbrueckii subsp. bulgaricus, 47%; Torula spp., 50%; and Z? 
roqueforti, 100%. From such results it is safe to assume that blue molds 
can be preserved by freezing without any loss in their activity. However, 
Larroche and Gros (1986) managed to cultivate P roqueforti in a fer- 
mentor filled with buckwheat seeds for the production of spores; and, 
in a semicontinuous fermentation, the average productivity was 9.2 x 
lo6 external spores g-' dry matter h-'. In addition, Godindez and 
Calder6n (2000) freeze-dried three and four strains of Z? camemberti 
and Z? roqueforti, respectively, and they reported that the viability of 
both species remained high over 12 months' storage. However, it was 
observed by the same authors that the lipolytic and proteoltic activi- 
ties of the molds were reduced with increase in the duration of the 
storage period. 

The growth kinetics for G. candidum and Z? camemberti cultivated 
on complex liquid media and the sporulation of P camemberti in sub- 
merged culture were reported by Amrane et al. (1999) and Bockelmann 
et al. (1996), respectively. The cell biomass concentration (gliter-') 
reached to 1.5 and 2.5 for G. candidurn and R camemberti, respectively, 
while in the submerged culture the spore count reached 1.5 x 10' spores 
m1-l. However, freezing of these cultures at -80°C followed by storage 
at -196°C (i.e., irrespective of cryoprotective agent used) ensured cell 
viability and stability of the mold strains (Schmidt et al., 1991; see also 
Moebus and Teuber, 1986; Desfarges et al., 1987). 

7.5.4 Preservation of Kefir Grains 

Kefir grains are preserved either dry or wet. One simple method con- 
sists of washing the excess grains with water, followed by drying at 
room temperature. This crude method of preservation can lead to con- 
tamination of the dried grains, and it is possible that the associative 
microflora may be altered. The preservation of the grains by freeze- 
drying is a better system. The preserved culture is in the form of a 
powder or small crystals, and after two to three subcultures the grains 
start to form in the growth medium. The production of freeze-dried 
Kefir grains is discussed in a Russian patent described by Lagoda et al. 
(1979). Alternatively, the washed grains are suspended in a sterile 
medium that can be stored for a few months at ordinary refrigeration 
temperature without any appreciable loss in activity; the grains retain 
their normal shape and form. 

The preservation of Kefir starter cultures by freezing at -5O"C, or by 
freeze-drying techniques, caused losses in lactobacilli and yeasts (i.e., 
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>XO%); the survival rates of the acid- and aroma-producing bacteria 
were <70% in frozen cultures and 50% in freeze-dried. However, in 
order to maintain an active level of yeast in these preserved cultures, 
the yeasts are grown on wort agar, stored with sterilized starch, and 
added to the starter during the production of Kefir (Kramkowska et 
al., 1986). Recently, Garrote et al. (1997) successfully preserved grains 
by suspending them in milk with freezing at -20 and -80°C; Kefir pro- 
duced from the preserved grains was similar to the control (i.e.. similar 
microflora, rheological characteristics, and acid and C 0 2  contents). 
However, Pettersson et al. (1985) claimed that a freeze-dried Kefir 
culture (i.e., 1.4 x 10"cfug-') consisting of 90% lactic lactococci, 9% 
citric acid-fermenting lactococci, <0.5% lactobacilli, and <0.3% yeasts 
was suitable for the production of a bulk starter culture, and that 
the preserved culture maintained its activity at -80°C for 1-2 years. 
Nonetheless, Brialy et al. (1995) recommended glycerol as a cryopro- 
tective agent during the lyophilization of the Kefir grains. 

ICT was used for lactic acid bacteria, Enterococcus spp. and yeasts 
on Ca-alginate beads for the continuous production of Kefir (Gobbetti 
and Rossi, 1993,1994). The fermented product contained higher micro- 
bial counts (-21og,,, cycles) than did the control Kefir. 

7.5.5 Preservation of Koumiss Starter 

Little data are available on Kumiss starter cultures, but in a Russian 
patent (Stoyanova and Pushkareva, 1986) the production of the starter 
concentrate is as follows: 

* Centrifuge Koumiss starter culture consisting of L. delbrueckii 
subsp. bulgaricus and K. marxianus var. lactis. 

* Dilute the concentrate in a ratio of 1:10 with a solution contain- 
ing lactose, NaCl, and (NH4)?HP04. 

* Freeze-dry at 30°C for 10-12h, which ensures a survival rate of 
90-95 O h  and 82-86% for the lactobacilli and yeasts, respectively. 

- Such a culture is suitable for the production of Koumiss, and the 
processing time is reduced by 0.5-1.0h. 

7.5.6 Implementation of HACCP System During the 
Preservation of Starter Cultures 

The hazard analysis critical control points (HACCP) system was 
devised years ago in the United States to produce safe food for astro- 
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nauts. In principle, the system focuses on safety and quality of the man- 
ufactured products, and it had identified seven aspects of production 
that merit constant attention (Mortimore and Wallace, 1994). This 
approach can be easily applied during the production and preserva- 
tion of dairy starter cultures. Although the primary consideration of 
HACCP is to produce a “safe” starter culture, its suitability to pro- 
duce acid during the manufacture of cheese and fermented milks is 
also important. Shapton (1989) suggested that these objectives can be 
achieved by having sufficient active cells and freedom from bacterio- 
phage, other contaminants, and/or pathogens. In addition, the critical 
control points (CCPs) in starter handling in factories include (a) con- 
dition at reception, (b) starter storage (e.g., freeze-dried at <5”C or 
-18°C and frozen at -40°C or lower), (c) transfer to inoculation point, 
and (d) production of starter culture, incubation and transfer into vat 
or DVI into vat. 

The purity and activity of DVI starter cultures are highly important, 
and the application of HACCP is normally adopted during the pro- 
duction of these cultures. A typical illustration of the manufac- 
turing stages of freeze-dried cultures, including the CCPs, is shown in 
Figure 7.12. 

7.6 FACTORS CAUSING INHIBITION OF STARTER CULTURES 

There are many factors that can cause an inhibition of, and/or a 
reduction in, starter culture activity, and either event can lead to (a) 
poor-quality fermented dairy products reaching the consumer and (b) 
financial loss to the manufacturer. It is recommended, therefore, that 
milk intended for bulk starter culture production, or the manufacture 
of dairy products, should be free from these factors. The causes of inhi- 
bition of starter cultures are summarized in the following sections. 

7.6.1 Compounds that Are Naturally Present in Milk 

There are different antimicrobial systems that are present naturally in 
milk, and their main function is to protect the young suckling animal 
against infection and disease. The inhibitory compounds, which have 
been identified as inhibiting the growth of starter culture bacteria, 
are lactenins and the lactoperoxidase-thiocyanate-hydrogen peroxide 
(LPS) system (Tamime and Robinson, 1999). The former compounds 
are heat-sensitive, and they are destroyed during the preparation of the 
starter culture milk. In a typical investigation, Roginski et al. (1984a,b) 
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observed inhibition of certain mesophilic lactic acid starter cultures in 
bulk milk and suggested that the inhibition could be attributed to the 
LPS system and the presence of inhibitory compounds (e.g., quaternary 
ammonium compounds). 

The susceptibility of dairy starter cultures to LPS inhibition is depen- 
dent on the following: 

- Strain sensitivity, 

- Ability of the strain to generate hydrogen peroxide (HzOz), 
which activates the LPS system (Reiter, 1978; Reiter and Harnulv, 
1984; Roginski et al., 1984a,b, 1991; Thomas, 1985; Guirguis and 
Hickey, 1987a; Font de Valdez et al., 1988; Piard and Desmazeaud, 
1991; Pruit and Kamau, 1991; Nichol et al., 1995; Kot et al., 1996), 
or 

- The presence of nonspecific enzymes (e.g., xanthine oxidase), 
and/or hypoxanthine to generate significant amounts of H,O,. 

Hydrogen peroxide is added to raw milk produced in hot countries 
to improve the shelf-life during storage. According to IDF (1988) the 
recommended rate to activate the LPS system in milk is 3 mg 1OOg-' of 
Na-precarbonate and 1.4mg 100 g-' of Na-thiocynate. Thus, the natural 
presence of Hz02 in milk and activation of LPS, which can inhibit the 
growth of starter cultures, is the result of normal bacterial metabolism; 
a wide range of reactions and catalyzing enzymes are involved, and 
these have been reviewed by Piard and Desmazeaud (1991). 

7.6.2 Antibiotic Residues 

Residues of antibiotics in milk result from mastitis therapy in the dairy 
cow. There are various types of antibiotics used, and starter cultures 
are susceptible to very low concentrations (Cogan, 1972). Reinbold 
and Reddy (1974) surveyed 30 different antibiotics and antimicrobial 
agents, and they concluded that lactic streptococci and yogurt starter 
cultures were very sensitive to all the antibiotics tested; however, 
strains of Leuconostoc spp., E. fueciurn, and B. linens were less 
sensitive. 

It is evident that dairy starter cultures are very sensitive to the pres- 
ence of antibiotics in milk, and the minimum inhibitory concentra- 
tion is dependent on differences between species and/or strains. For 
further information, refer to the published work by Park et al. (1984), 
Ramakrishna et al. (1985), Orberg and Sandine (1985), Narayanan and 
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Dhanalakshmi (1999), and Tamime and Robinson (1999). However, 
Teply and Cerminova (1974) tested the effect of eight antibiotics under 
processing conditions, and their results are illustrated in Table 7.13. 
It can be observed that the inhibitory levels of streptomycin, chloram- 
phenicol, oxytetracycline, and tetracycline seem rather high, and this 
apparent resistance could be attributed to strain variation, variation in 
the commercial preparations of antibiotics used, or some feature of the 
test method used to detect the level of antibiotics. 

7.6.3 Bacteriophage 

The occurrence of bacteriophage (phage) in dairy starter cultures was 
first reported in the 193Os, and the existence of phage is a recognized 
problem in the dairy industry (Walker et al., 1981); the following pre- 
cautionary measures may be practiced: 

* The propagation of the starter culture must be carried out employ- 
ing aseptic techniques (refer to later section 7.7.2). 

* Heat treatment of bulk starter milk ensures the destruction of 
these viruses, but it is vital that the starter tank should be filled 
to its maximum capacity: otherwise, prolonged heat treatment is 
necessary to eliminate the phages in the airspace. 

* Daily rotations of phage-unrelated starter strains, or phage- 
resistant strains, must be used in the dairy. 

* Effective filtration of the air in the starter room and the 
production area can help to control the phage problem (see 
Chapter 14). 
The equipment must be properly sanitized (i.e., by heat or 
chemicals). 

* Location of the starter room far away from the cheese production 
area and whey handling department reduces the possibility of air- 
borne infection. 

- Ensure that plant personnel, particularly those from the cheese 
room, are not allowed into the starter handling area. 

* Propagate the starter culture in a phage-inhibitory medium (refer 
to Section 7.7.3). 

- Avoid starter culture strains sensitive to those phages categorized 
as having shorl latent periods and large burst sizes. 

* “Fog” the air in the starter preparation room with a solution 
of hypochlorite; alternatively, the use of UV light can control 
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phage in the atmosphere (see Chapter 12 in this volume; IDF, 
1991). 

- “Fog” the cheese production area, although this approach is 
regarded by some as an extremely dubious practice. 

- Use mixed-strain starter cultures, and possibly phage-resistant 
strains. 

7.6.4 Detergent and Disinfectant Residues 

Detergents and disinfectants are used for cleaning and sanitation 
purposes for dairy equipment. Residues of these compounds [alkaline 
detergents, chlorine-based materials, iodophors, quaternary ammonium 
compounds (QAC), and ampholytes] can affect starter culture activity. 
Pearce (1978) reported that strains of L. luctis subsp. lactis and subsp. 
crernoris showed inhibition at 2 4 m g  QAC l-’, except for one strain 
that tolerated up to 12mg QAC I-’. Yogurt cultures are more tolerant; 
and the inhibitory levels (mgliter-’) of chlorine compounds, QAC, and 
iodophors for S. thermophilus and L. delbrueckii subsp. bulgaricus are 
100,100-SO0 and 60, and 100,50-100 and 60, respectively (Bester and 
Lombard, 1974), but in a recent study, Guirguis and Hickey (1987b) 
have observed that some Lactobacillus spp. are sensitive to 0.5 mg 
QAC 1.’. 

The effect of nine different detergents and sanitizers (0.lg 100ml-’ 
concentration in skimmed milk) on the activity of starter cultures was 
determined by El-Zayat (3 987), and only one culture was completely 
inhibited by Solvay (caustic detergent) and Henkel P3-Oxonia (acidic 
disinfectant). The effect of disinfectants and sanitizers, as well as thresh- 
old of inhibition concentration (partial or total), on Cheddar cheese 
starter cultures have been well documented (Dunsmore, 1984; Liewen 
and Marth, 1984; Dunsmore et al., 1985; Petrova, 1990; Makela et al., 
1991; Vallado and Sandine, 1994). 

Contamination of starter milk with these compounds is due to 
human error or due to a breakdown in the automatic cleaning cycle. In 
practice, it is necessary to ensure that the rinsing cycle is long enough 
to wash these chemicals from the bulk starter tank. 

7.6.5 Bacteriocins 

Antibacterial substances, which are usually segregated from antibiotics, 
are produced by a wide range of bacteria including starter cultures. 
These compounds are proteinaceous in nature, and they are known 
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as bacteriocins. Some examples of bacteriocins produced by starter 
culture are (a) nisin, lacticin, lactococin (Lactococcus spp.), (b) mesen- 
teroicin (Leuconostoc spp.), (c) thermophilin, STB (S. thermophilus), 
(d) bulgarican, lactobacillin, acidophilin, helveticin, caseicin, reutericin 
(Lactobacillus spp.), (e) bifidocin B (Bifidobacterium spp.), and (f)  
pediocin (Pediococcus spp.). These compounds have been found to 
inhibit the growth of a wide range of microorganisms, including 
pathogens and bacteria of the same genera. For further information 
refer to the following reviews: Piard and Desmazeaud (1992), de Vuyst 
and Vandamme (1994), Nes et al. (1996), Marshall and Tamime (1997), 
Weinbrenner et al. (1997); Yildirim and Johnson (1998); Tamime and 
Robinson (1999); and Moll et al. (1999). 

7.6.6 Miscellaneous Inhibitors 

7.6.6.7 Mastitis Milk and Somatic Cell Count. Leucocytes in 
mastitis milk can absorb starter organisms by phagocytosis, and heat- 
ing results in no significant improvement (Sellars and Babel, 1985). 
However, Gajdusek and Sebela (1973) observed that while yogurt 
starter cultures are inhibited by up to 35% in milk containing high 
somatic cell counts, boiling the milk for 2min (or heating it at 90°C for 
20 min) removed the inhibition and allowed normal acid production. 

However, somatic counts in milk of 4.0 x 10' cellsml-' caused some 
inhibition of the yogurt microflora, L. acidophilus and L.  paracasei 
subsp. paracasei (Fang et al., 1993; see also Tamime and Robinson, 
1999). The quality of yogurt and other dairy products is influenced by 
the somatic cell count, and it is recommended that the count should be 
low (Mitchell et al., 1986; Kosikowski and Mistry, 1988; Mistry and 
Kosikowski, 1988; Rogers and Mitchell, 1994; Auldist and Hubble, 
1998). 

7.6.6.2 Seasonality of Milk. Late lactation milk and spring milk 
have some effect on starter culture activity. The reason(s) has not been 
elucidated yet, but it is possible to speculate that thiocyanates may be 
responsible. 

7.6.6.3 Environmental Pollution. Other inhibitors in milk could be 
due to environmental pollution, such as insecticides, which can inhibit 
the starter organisms (Deane and van Patten, 1971; Dean and Jenkins, 
1971; Gajduskova and Lat, 1972). The presence of these compounds in 
milk can inhibit the growth of the starter culture or can affect cell mor- 
phology (e.g., increase in cell size and the formation of longer chains). 
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However, many Egyptian scientists (see the review by Tamime and 
Robinson, 1999) concluded that the presence of pesticides in milk 
affected the activity of starter cultures and the quality of the dairy prod- 
ucts. The results of these studies could be summarized as follows: 

* Longer coagulation times were required, and the cheeses had many 
holes. 

- The level of pesticide decreased in freshly made Zabadi (i.e., 
Egyptian fermented milk) as a result of the fermentation. 

- The growth rates of the yogurt organisms was reduced in the 
presence of DDT and malathion, while the cells of L. delbrueckii 
subsp. hulgaricus flocculated into clumps in milk containing 
aldicarb and the cell count was lower than the control (see 
Dhanalakshmi et al., 1998). 

- Heating and fermentation of pesticide-contaminated milk con- 
tributed toward the degradation of pesticides. 

7.6.6.4 Miscellaneous Compounds. Volatile and nonvolatile 
compounds (fatty acids, formic acid, formaldehyde, acetonitrile, 
chloroform, ether) in concentrations up to 100mgliter-' inhibit the 
growth of the Lactococcus spp. and L. mesenteroides subsp. cremoris 
(Kulshrestha and Marth, 1974a-c, 1975), while Umanskii and 
Borovkova (1985) have reported that 3mgml-' of a mixture of free 
fatty acids in sterilized milk significantly reduced the growth of S. 
thermophilus; a 5-mg ml-' concentration inhibited the growth of L. 
lactis subsp. lactis and subsp. lactis biovar diacetylactis, L.  helveticus, 
and L. delhrueckii subsp. lactis. 

The review by Tamime and Robinson (1999) suggested that many 
compounds can affect starter culture growth or reduce acid develop- 
ment during the manufacture of fermented milk, and some examples 
include the following: 

- Addition of flavors (coffee and garlic extract, ginseng saponins) 
affected the growth of L. acidophilus, yogurt cultures, and single 
strains of mesophilic lactic acid bacteria. 

- Most strains of L. helveticus and a strain of L. delbrueckii 
subsp. bulgaricus were found sensitive to lysozyme (10 or 
20pgml-l) when added to cheese milk to control or inhibit 
the growth of clostridia. 

- The addition of nitrates or nitrites to milk reduced the rate of acid 
development by the yogurt cultures. 
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* Increasing the concentrations (0.5-8 g liter-') of herbs (oregano, 
rosemary, sage, and thyme) progressively reduced acid produc- 
tion of L. plantarum and P acidilactici; the former culture was more 
resistant (Zaika et al., 1983). 
Contamination of milk with radioactive iodine 1311 (i.e., equivalent 
to 6-12 k Pqkg-') reduced the counts of yogurt organisms by 49% 
and reduced lactococcal species by 30% in cheese and buttermilk 
and 26% in ripened butter. 

- Addition of sugar 29g 100g-' to the milk may cause some inhibi- 
tion or delay the fermentation period. 

- The use of UF milk or phosphated bulk starter media may cause 
some inhibition of starter culture strains (see Section 7.7.3.1, dis- 
cussion of bacteriophage inhibitory media). 

7.6.6.5 Processing Conditions. The growth behavior of any starter 
culture (i.e., single, multiple, or mixed strain) is influenced by the accu- 
rate inoculation rate and incubation at the optimum temperature. The 
accuracy during processing (e.g., production of bulk starter culture or 
manufacture of fermented milks and cheese) ensures maximal rate of 
acid development within a short period of time. 

7.7 PRODUCTION SYSTEMS FOR BULK STARTER CULTURES 

The production of a bulk starter culture-that is, the culture used 
directly in the fermentation process-necessitates several stages of sub- 
culturing in order to meet the quantity required, or direct inoculation 
of the bulk starter tank using concentrated cultures (see systems 1 and 
2 in Figure 7.9). The most important aspect of starter production is 
the preparation of the growth medium, along with the protection of the 
culture from phage attack. The methods used may be divided into the 
following systems: first, the use of simple microbiological techniques; 
second, the use of mechanically protected tanks; and third, the propa- 
gation of the starter culture in a special medium that is inhibitory 
to phage. The mechanically protected approach is widely used in the 
United Kingdom, Australia, and New Zealand, whereas the latter 
system is popular in the United States. 

7.7.1 Simple Microbiological Techniques 

In this system, the equipment/materials are basically laboratory uten- 
sils and a starter tank, which may be of a simple design-that is, batch 
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pasteurizerktarter incubator. A full description of this method has been 
reported by Tamime and Robinson (1999). 

7.7.2 Mechanically-Protected Systems 

Different techniques have been developed in the dairy industry 
for the production of starter cultures in mechanically protected 
systems; and in these systems, the following aspects are important: 
First, both the processing of the growth medium and starter growth 
take place in a completely enclosed tank; and second, the inocula- 
tion of the starter takes place through a barrier which prevents the 
entry of unclean air. Some examples of mechanically protected systems 
follow. 

7.7.2.1 The Lewis System. The development of the Lewis tech- 
nique is well documented by Lewis (1956) and by Cox and Lewis 
(1972); recently, Lewis (1987) has published a book which illustrates 
the progress made in the field of handling, production and supply of 
cultures from 1948 to the present time. The technique consists of using 
reusable polythene bottles (115- and 850-g capacity) for mother and 
feeder cultures, respectively. These bottles are fitted with Astell rub- 
ber seals, and the growth medium (i.e., 10-12g 1OOg-' reconstituted, 
antibiotic-free, skimmed milk powder) is sterilized in the same bottles. 
The starter culture transfers are carried out by means of two-way hypo- 
dermic needles, and the overall technique is illustrated schematically in 
Figure 7.13. The Lewis system requires a pasturized bulk starter tank 
so that the growth medium can be heat-treated inside the sealed vessel. 
It is worthwhile pointing out that, during the heating or cooling of 
the milk, no air escapes from or enters the tank. The top of the tank is 
flooded with sodium hypochlorite solution (100mgliter-I), so that the 
transfer of the starter inoculum (feeder) to the bulk starter medium is 
through a sterile barrier. Incidentally, special lids can he fitted to 22.7- 
to 45.5-liter churns, so that the Lewis system can be used successfully 
for the production of smaller volumes of starter culture. On-site illus- 
trations of such tanks have been reported by Lewis (1987) and by 
Tamime and Robinson (1999). 

7.7.2.2 The Jones System. The other protected method is the 
Jones system and, in this case, the tank is not a pressurized starter 
culture vessel. A detailed illustration of this bulk starter system, includ- 
ing a combined Lewis-Jones system, has been reported by Tamime 
(1990). However, during the heating or cooling of the milk, air leaves 
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A 

B 

n 

C 

Figure 7.13. Schematic illustration of the Lewis system for starter culture transfers. 
Note: A, mother culture; B, feederhntermediate culture; C, bulk culture; D, detail of 
meedle assembly (1, tap; 2, Astell rubber seal; 3, hypochlorite solution). 

or enters the starter vessel; that is, the tank is not pressurized. The 
manway cover, the inoculation port, and the drive shaft of the agitator 
system (top-driven type) are specially designed to act as mechanical 
barriers that are referred to as water seals. During the heat treatment 
of the milk, the air in the head space of the tank is forced out, and it 
reenters during the cooling stages. The air is sterilized using a combi- 
nation of heat and cotton wool filtration.The starter inoculum is poured 
into the tank through a special narrow opening, and a “ring of flame” 
or steam is used to provide a sterile point of entry. It is important to 
point out that the air filtration unit is activated during the heating and 
cooling of the milk and during the cooling of the active culture, thus 
ensuring that air entering the tank is always sterile. 

The historical background to, and development of, this system 
has been reported by Whitehead (1956) and Robertson (1966a,b). 
Recently, Heap and Lawrence (1988) have described an up-to-date 
version of this starter tank which is widely used in New Zealand, and 
the tank is fitted with a compressed air system incorporating a special 
filter to sterilize the air. 

The conventional procedure for culture transfer is to remove the 
inoculation port and pour the culture through a “ring of flame” or a 
“blanket of steam.” In either method, the combined effect of heat and 
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the slight positive pressure in the head space of the starter vessel 
ensures that the flow of air is always in one direction-that is, from 
inside the tank to the atmosphere. This minimizes the possibility of air- 
borne contamination. 

7.7.2.3 The Tetra Pak System. In the Lewis system, the starter 
culture transfer from one container to another relies on squeezing the 
polythene bottle to eject the culture. However, the Tetra Pak system 
(Bylund, 1995) uses filter-sterilized air, under pressure, for transferring 
the culture. The mother and feededintermediate cultures are prepared 
in a special unit called a “Viscubator,” and the capacity of these con- 
tainers is 0.5 and 20 liters, respectively. The former unit is a glass bottle 
that is sealed with a rubber stopper and a metal screw-cap with an 
annular space, and the feeder container is a stainless steel canister 
which has two fittings: one is for compressed air, and the other is in the 
form of a length of stainless steel pipe that connects to the bulk starter 
tank during culture transfer. 

During culture transfer (i.e., from mother + feeder) two disposable 
sterile syringes are used: One is short and the other is long enough to 
reach the bottom of the bottle. Through the short syringe, compressed, 
sterile air causes a buildup of pressure in the head space of the bottle 
which displaces and forces the culture through the long needle to 
the feeder vessel. The same principle is applied for culture transfer 
from the feeder to the bulk starter tank using special fitments that 
are equipped with special valves for quick release/coupling. These units 
are fully illustrated by Bylund (1995) and by Tamime and Robinson 
(1 999). 

For the manufacture of starter cultures under aseptic conditions, 
Tetra Pak has developed a tank of aseptic design. According to Bylund 
(1995), the specifications of this bulk starter tank can be summarized 
as follows: 

- The tank is constructed using stainless steel, and it is capable of 
withstanding negative and positive pressures up to 30 and 100 kPa, 
respectively. 

- It has an aseptic design (i.e., hermetically sealed and triple 
jacketed). 

* The growth medium is heated in the tank, and the tank can be fitted 
with a stationary integrated pH meter that is designed to withstand 
the great temperature differences that occur between the heat 
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treatment of the medium or cleaning-in-place (CIP) and growth or 
storage of the starter culture. 

- The tank is fitted with high-efficiency particulate air (HEPA) filters 
that can be sterilized by steam at 140°C. 

- A two-speed motor is used to operate the agitator of the tank, and 
the shaft of the agitator is double sealed. 

It is recommended that two tanks should be used in rotation. One 
tank contains a ready-made starter for use on a production day, 
whereas the other is for preparing starter culture for the following day 
(Bylund, 1995). 

7.7.2.4 Miscellaneous Systems. Different types of bulk starter 
tanks using filtered, sterile air (under pressure) are available to dairy 
processors in many countries. Illustrations and descriptions of these 
tanks have been published by Tamime (1990).The application of HEPA 
filtration systems to bulk starter tanks was studied at NIZO in the 
1970s (see Stadhouders et al., 1976;Tofte-Jesperson, 1979: Stadhouders, 
1986). Leenders et al. (1984) have evaluated the effect of a HEPA filter 
(ultrapolymembrane PF-PP 3013, 0.2pm HF) on air entering bulk 
starter tanks in factories, and they have observed that less than 
one phage out of 1.9 x lo8 phage passed through-this is a priority 
requirement. 

An example of such a tank is that manufactured by GEA 
Tuchenhagen (see Figure 7.14); and according to Anderson (personal 
communication), the processing stages of the bulk starter are as follows: 

- Sterilize the milk pipeline. 
- Steam sterilize the bulk starter tank; afterwards the tank should be 

filled with sterile air under pressure, and the pressure should be 
maintained until the starter is used. 

* Fill the tank with skimmed milk (i.e., fresh or reconstituted), heat 
to 90-95°C for 3045min, and cool to 2045°C depending on the 
starter culture used (mesophilic or thermophilic). 

* Inoculate the starter culture (for example, freeze-dried or frozen) 
through the manhole, mix the culture into the milk, and incubate 
to the desired pH. 

- Stir and cool the culture in-tank to stop the metabolic activity of 
the microorganisms; the culture is ready to be used for the manu- 
facture of cheese and/or fermented milks. 
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7.7.3 Bacteriophage Control Systems 

7.7.3.1 Phage-Resistant/lnhibitory Medium (PRM/PIM). The pro- 
liferation of phage in a dairy starter culture is dependent on the pres- 
ence of free calcium ions in the growth medium. Reiter (1956) observed 
the inhibition of phage of lactic streptococci in a milk medium lacking 
in calcium (see Shalaby et al., 1986). The medium was referred to as 
a “phage-resistant medium” (PRM), but is sometimes also called a 
“phage-inhibitory medium” (PIM). The use of phosphates to sequester 
the free calcium ions in bulk starter skimmed milk was reported by 
Hargrove (1959) and Hargrove et al. (1961), and this initiated the 
commercial production of PRM/PIM. Since 1960, there have been 
tremendous developments in PRM/PIM composition, and the existing 
PRM/PIM on the market consists mainly of milk solids, sugar, growth 
stimulatory factors, and buffering agents (e.g., phosphates and citrates). 
However, when PRM/PIM were first developed, their effectiveness to 
protect and stimulate the growth of starters was limited [see the review 
by Whitehead et al., (1993)l; a view based on some of the following 
research results, but at present such media have been shown to be more 
effective in controlling phage: 

- Sozzi (1972) and Sozzi et al. (1978) observed that some phage can 
still destroy starter cultures despite the absence of calcium, and 
that phage activity is maximized at the optimum growth tempera- 
tures of the starter organisms. 

* Henning et al. (1965) reported that Leuconostoc spp. do not grow 
well in PRM/PIM. 

- Ledford and Speck (1979) observed that phosphates in PRM/PIM 
cause metabolic injury to starter cultures, but that this effect was 
least pronounced in cultures and growth medium obtained 
from the same commercial source; however, the presence of 1-2g 
100g-’ phosphates in milk adversely affects the growth and 
morphology of L. delbrueckii subsp. bulgaricus (Wright and 
Klaenhammer, 1984). 

* Gulstrom et al. (1979) evaluated seven commercial brands of 
PRM/PIM and concluded the following: First, only two media were 
effective against the proliferation of phages, and effectiveness was 
mainly related to buffering capacity. Second, the best results were 
obtained in media that contained citrate buffers and hydrolyzed 
cereal solids that stimulated the growth of Lactococcus spp. Third, 
the best medium contained enough nutrients to support starter 
growth; otherwise, depressed growth is inevitable due to the high 
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concentration of phosphates and/or citrates. This latter aspect is 
important because certain strains of cheese starter cultures-for 
example, the New Zealand blend of two single strains L. 
lactis subsp. cremoris AM2 and Lactococcus lactis subsp. lactis 
ML8-fail to grow in these buffered media (Tamime, unpublished 
data). 

- Roy et al. (1987) observed that PIM appeared to enhance the 
proteolytic activity of most Cheddar cheese starter cultures 
studied, but the effect did not persist during the intitial stages of 
cheesemaking. 

The degree of heat treatment of PRM/PIM is important, and dairy 
processors should follow the guidelines provided by the suppliers; 
however, maintenance at 85°C for 30min can be employed with the 
different starter media manufactured by Rhodia Food (Anonymous, 
1986), and the production of bulk starter in a mechanically protected 
tank will provide a supplementary measure to limit the proliferation of 
phages. 

7.7.3.2 pH Control Systems. The productioddevelopment of bulk 
starter systems using the pH control techniques could be attributed to 
the following aims: 

* To overcome the drawbacks associated with PRM/PIM mentioned 
above, including the cost of such media. 

* To minimize the daily fluctuations in acid development of the 
conventional bulk starter (i.e., “overripe” or less active) that occur 
under commercial practice; two surveys in New Zealand and the 
United Kingdom have illustrated this point (Pearce and Brice, 
1973; Walker et al., 1981). 

In principle, the pH control systems maintain the level of acidity in 
the bulk starter medium, thus reducing the cellular damage that can 
occur to certain starter cultures when the pH drops below 5.  In general, 
when starter cultures are held for a long period at low pH, they become 
progressively less active.The control of acid development in the growth 
medium is achieved by neutralization, which consequently helps the 
starter culture to remain active and increase in cell count. Furthermore, 
cultures that are propagated in a pH-controlled medium tend to be 
protected against the inhibitory effect of the phosphate buffer that is 
present in PRMIPIM (Ausavanodom et al., 1973). Basically, there are 
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two different methods of pH control that can be used (see Thunell, 
1988; Rao et al., 1989; Thunell and Reinbold, 1993). 

External p H  control system was developed in the United States 
during the late 1970s by G. H. Richardson and his colleagues. Cheese 
whey was used as the starter culture growth medium, and this was for- 
tified with phosphates (i.e., as PIM/PRM) and yeast extract. The pH is 
maintained at around 6 during the growth phase of the starter culture 
by the intermittent injection of anhydrous or aqueous ammonia. The 
system has been very successful for the production of starter cultures 
for the manufacture of most American-style cheeses (Richardson et al., 
1977), cottage cheese (Chen and Richardson, 1977), and Italian and 
Swiss cheeses (Reddy and Richardson, 1977). 

As mentioned earlier, a phosphate buffer in the growth medium 
is essential to control bacteriophage; but, by using the external pH 
system, the amount of buffer can be reduced without affecting the 
inhibitory benefits (Ausavanodom et al., 1977). Thus, using a pH con- 
trolled bulk starter system, it is feasible to produce an active, concen- 
trated starter culture in whey buffered with ammonia (Richardson, 
1978,1983a,b; Richardson et al., 1979;Thomas et al., 1981; Wright and 
Richardson 1982; Richardson and Ernstrom, 1984), or other media 
buffered with sodium hydroxide (Reddy, 1984a). Some of the advan- 
tages claimed for such starter cultures are as follows: 

- They are less expensive as compared with the PIM/PRM method. 
- An active, highly concentrated, culture is produced that never sours 

(i.e., because the lactose is completely utilized), and it requires no 
ripening time in the cheese vat. 

- Daily or weekly propagation is not required. 
- The growth medium is cheap, is readily available, and consists of 

* Acid-producing activity is greater vis-A-vis a culture grown in milk 

- The inoculation rate is reduced by 7040%.  
* There is a reduction in labor requirements. 

whey water, lactose, and stimulants. 

or PIM/PRM. 

The external pH control system is widely used in the United States, 
but not in Europe yet, and some of the latest designs incorporate 
microprocessors to control the instrumentation for pH and tempera- 
ture. One such system is marketed by Rhodia Food and Debelak 
Technical System, and an illustration of the layout is shown in Figure 
7.15. 



340 MICROBIOLOGY OF STARTER CULTURES 

Temperature 

PH 

alarm 

alarm 

cooling 

s team 

ammonia 

HERMOWELL FITTING 

PRE AMP 

pH ELECTRODE IN 
IMMERSION ASSEMBLY 

TANK ADAPTER 

Figure 7.15. Operating modes pH,  temperature control, and schematic illustration of 
the CT-2000 S.S. equipment; curves characteristics of thermophilic fermentations (refer 
to  text). Note: A, idle; B, heat treatment; C, cool down; D, inoculation; E, growth I; F, 
growth 11; G, cool. (Reproduced by courtesy of Rhodia Food UK Ltd., Stockport, 
England.) 
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When different bacterial strains (S. thermophilus and L. delbrueckii 
subsp. bulgaricus) are grown together for Italian type cheeses, the pH 
and incubation temperature can be adjusted to accommodate each 
strain. For example, the growth of the lactobacilli is maintained at low 
pH, but raising the pH and lowering the temperature stimulates the 
growth of S. thermophilus. However, the supplementation of whey per- 
meate with 0.1 g 1OOg-’ SMP and 0.5-1 g 1OOg-’ yeast extract improved 
the growth and the activity of L. helveticus, S. thermophilus, and L. 
delbrueckii subsp. bulgaricus using the external pH control system 
(Parente and Zottola, 1991). Yezzi et al. (1993) reported increased nisin 
production when Lactococcus spp. were grown in pH-controlled bulk 
starter systems; subsequently, the nisin content in Cheddar cheese 
increased by 20% because of the higher cell numbers in the bulk 
starter. 

This approach to starter culture production has been manipulated in 
the United States and New Zealand to increase the working capacity 
of the bulk starter tank (Limsowtin et al., 1980; Heap and Richardson. 
1984). The culture is grown in a whey medium using an external pH 
control system; and when the culture is fully grown and 50-75% has 
been used, the balance is mixed with sterile whey to restore the origi- 
nal volume. After 2-3 h of incubation, the new culture is ready for use 
in the cheese vat. A similar approach is used in Australia using con- 
ventional bulk starter production in skimmed milk, and without the 
application of an external pH control system (Hall et al., 1985). 

A pH-controlled system using a lactose-limited, milk-based medium 
is used in New Zealand to provide the industry with concentrated cul- 
tures at -40°C for the direct inoculation of bulk starter tanks (Turner 
et al., 1979). In addition, Champagne et al. (1996a) successfully used 
whey protein concentrate (WPC) to grow mesophilic and thermophilic 
starter cultures under an external pH control system; these cultures had 
higher counts than the same starters grown in milk (i.e., without pH 
control). 

ZnternalpH control system contains the buffering agent in the growth 
medium, and such buffers solubilize in response to acid production by 
the starter culture bacteria. This technique was developed in the late 
1970s at Oregon State University (Willrett et al., 1979; Sandine and 
Ayres, 1981,1983); and it is marketed commercially under the name of 
“PHASE 4” (see also Mermelstein, 1982; Waes, 1988; Whitehead et al., 
1993), or as another type of medium containing phosphates and free 
lecithin (Reddy, 1984b). The “PHASE 4” growth medium consists of a 
whey-based powder that contains an encapsulated citrate-phosphate 
buffering system that is initially insoluble. The buffer is released grad- 
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ually during the ripening of the bulk starter, and it maintains the pH 
around 5.2. Many advantages have been claimed for “PHASE 4,” and, 
in general, they are similar to those mentioned for the external pH 
system; however, with “PHASE 4” there is no requirement for special 
equipment for the addition of buffer or the neutralizing chemicals. Inci- 
dentally, “PHASE 4” was primarily developed for the production of 
mesophilic lactic acid starter cultures, and some modifications have 
been carried out for the starters required for the production of Italian 
and Swiss cheeses in the United States (Willrett et al., 1982). Evalua- 
tions of “PHASE 4” bulk starter medium have been carried out by 
Rirlison and Stanley (1982) with buttermilk, cottage cheese, and 
Cheddar cheese starter cultures, and the results confirm the claims of 
the manufacturer. Champagne and Gagn6 (1987) have reported greater 
acid-producing activity with two out of three strains of S. therrnophilus 
when grown in “PHASE 4” (Rhodia Food) and “In-Sure’’ (Chr. 
Hansen). However, mesophilic starter cultures, S. thermophilus and L. 
delbrueckii subsp. bulgaricus (the latter cultures are used in mozzarella 
cheesemaking), grown in internal pH control media to produce bulk 
starters, were more stable, could be held at refrigeration temperature 
for a few days, and had higher cell counts compared with the same 
cultures grown in reconstituted SMP media (Ustunol et al., 1986; 
Khasravi et al., 1991). In addition, Rajagopal et al. (1990) compared 
six commercially available bulk starter media including whey-based 
PIM for growing mozzarella starter cultures. 

Another bulk starter medium for cheese with internal pH control 
has been patented by Sinkoff and Bundus (1983), and this contains 
magnesium ammonium phosphate as the buffering agent and an alkali 
metal tripolyphosphate for controlling phage (see also Willrett and 
Comotto, 1989.1990); another medium, called IPC-55, has been devel- 
oped in Australia (Ziolkowski and Goonan, 1985). 

Changes in the cell counts of Listeria monocytogenes in a commer- 
cial starter culture medium with internal pH control system during the 
production of bulk starter using L. lactis subsp. cremoris were studied 
by Wenzel and Marth (1990a, 1990b, 1991); the results suggest that 
despite a reduction in numbers of Listeria, a substantial count ( 103-105 
cfuml-’) was present when the bulk starter was ready for the manu- 
facture cheese or fermented milk products. 

7.7.4 Growth Medium and Costing of Bulk Starter Cultures 

It is agreed that high-quality milk is essential as a substrate for the 
growth of bulk starters. It must be free from antibiotics and other 
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inhibitory substances, and under commercial practice (Walker et al., 
1981) the available types of starter culture growth media are: 

* Whole or skimmed milk (fortification with SMP is optional) 
- Reconstituted SMP 
- Whey-based medium (Christopherson and Zottola, 1989a; Raja- 

- pH-controlled medium (Okigbo et al., 1985) 
* PRM/PIM 
- Mixture of reconstituted SMP and PRM/PIM 
- Retentate from ultrafiltration of milk at different concentrations 

(Mistry and Kosikowski, 1985a,b, 1986a-c; Mistry et al., 1987; 
Christopherson and Zottola, 1989b; Srilaorkul et al., 1989; Jones 
et al., 1990; Premaratne and Cousins, 1991; Kosikowski and Mistry, 
1992; Ventling and Mistry, 1993; Meijer et al., 1995) 

gopal et al., 1990; Bury et al., 1998) 

It is evident that there are many different types of growth medium 
available to cheesemakers for the production of bulk starter, and the 
choice is primarily governed by the availability of substrate, econom- 
ics, tradition, and effect on the quality of cheese. However, the cost of 
bulk starter production plays a major role, and surveys by LaGrange 
and Reinbold (1968), Dennien (1980), and LaGrange (1987) have 
shown that cost is dependent on the system used, including direct-to- 
vat inoculation of bulk starter milk or the cheese vat. 

7.7.5 Inoculation Systems for DVI Bulk Starter Cultures and 
Production Tanks 

Over the past 50 years, various methods have been designed to trans- 
fer starter cultures from one container to another under aseptic 
conditions, as well as to eliminate phage contamination during the 
preparation of the bulk starter. Knuston and Zottola (1989) evaluated 
an inoculation system for a closed bulk starter tank where the starter 
culture was aseptically injected through the inoculation port using a 
sterile needle and syringe. In addition, aerosol, which contained Escher- 
chiu coli and phage particles, was used at the time of starter inocula- 
tion. After the fermentation period, the bulk starter was free from 
phage and coliforms. The inoculation port used was an improvement to 
the type developed in the 1960s and 1970s (Robertson et al., 1974). 

Since the 1980s, there has been greater reliance of fermented milks 
and cheese processors to use DVI starter cultures (i.e., concentrated 
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frozen or freeze-dried), which are marketed by major culture suppliers 
in the world. It is evident that in some mechanically protected bulk 
starter tanks such DVI starter cultures have to be thawed or rehydrated 
before inoculating the bulk starter tank using a sterile needle and 
syringe. In addition, care should be exercised in order to minimize 
cellular damage or contamination of the starter culture. 

Under normal commercial practice and during the manufacture of 
cheese or fermented milks, DVI starter cultures are added to the milk 
by opening the manhole of each fermentation tank. This method of 
inoculation may possibly contaminate the milk; and in the case of 
freeze-dried culture, ineffective rehydration may occur. Recently, an 
automatic inoculation system (AISY) was developed through collabo- 
ration between Chr. Hansen and Tetra Pak (see Figure 7.16). This 
system is suitable for the in-line inoculation of DVI cultures into the 
processed milk. The AISY method of inoculation can be summarized 
as follows: 

Figure 7.16. An illustration of the Tetra PakiChr. Hansen AISY for in-line cultuie 
dosing unit [Reproduced by courtesy of Tetra Pak (Dairy and Beverage System) AiB, 
Lund, Sweden 1 
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* Add the required amount of water to a buffer tank to make a 10g 
IOOg-’ bacterial solution (e.g., l0kg frozen DVI culture and 90kg 
of water). 

- It is recommended that (a) the water should be pasteurized at 72°C 
for 15 s and followed by cooling to 14-18”C, (b) it should be good- 
quality water, and (c) an active carbon filter should be installed to 
remove chlorine if it is present >5pgg-’. 

- Remove the culture from the freezer (i.e., at I-45°C) and empty 
into the buffer tank with agitation; the agitators should operate at 
slow speed to minimize foam formation or the incorporation of air 
into the solution. 

- The dissolved culture is stirred for 10min before being metered 
into the processed milk or production tank; the activity of the dis- 
solved culture can be maintained up to 24 h if it is cooled to <lO”C. 

* The head space of the buffer tank should be purged with nitrogen 
to minimize frothing or loss in microbial activity. 

It is worthwhile reporting at this stage that, over the last decade, 
“new” fermented milk products containing viable bacteria of human 
origin (i.e., bifidobacteria and lactobacilli) have been produced and 
marketed in many countries. Although these cultures are available as 
DVI cultures for process milk or bulk starter production, the use of one 
bulk tank starter may lead to changes in the ratio of the several bac- 
terial species used. Hence, special growth media have to be used; as a 
consequence, many bulk starter tanks are required. Reviews of the 
technical aspects of the preparation of “bio” starter cultures have been 
published by Gilliland et al. (1991) and Hunger and Peitersen (1992). 

7.8 QUALITY CONTROL 

The ability of a starter culture to perform its function during the man- 
ufacture of fermented dairy products depends on its purity and activ- 
ity. Different activity tests have been proposed (Hull and Juffs, 1980; 
Heap and Lawrence, 1981; Oberg and Richardson, 1984), and some of 
the recommended routine quality control tests on starter cultures are 
as follows. 

7.8.1 Lactic and Other Bacterial Starter Cultures 

* Microscopic examination using Gram’s stain and/or Newman’s 
staining method; the starter bacteria are Gram-positive, and the 
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latter method has been used to monitor the ratio of cocci to rods 
in yogurt cultures. 

* Detection of contaminants: (a) purity using the catalase test; LAB 
are catalase-negative, and a positive reaction is due to contamina- 
tion; (b) a positive coliform test indicates gross contamination; (c) 
yeast and molds must not be present in LAB cultures; (d) detec- 
tion of phage. 

- An activity or vitality test helps to determine the rate of acid 
development by a starter culture prior to its use in the processing 
vat-for example, a simulated cheesemaking process in the 
laboratory. 

* Tolerance to scalding temperatures is an important test for cheese 
cultures. 

- The Voges-Proskauer or Creatine test is a biochemical test to 
check aroma-producing cultures, and this test is sometimes 
used to detect gas-producing organisms in a non-gas-forming 
culture. 

* In some instances, lactococcal agglutination in bulk starter cultures 
can be minimized by (a) homogenization of the fermentate 
between 17 and 24MPa of pressure (Milton et al., 1990; Hicks and 
Tbrahim, 1992) or (b) the use of whey-based medium treated with 
enzymes (Ustunol and Hicks, 1994). 

* Enumeration of the “bio” species in a starter culture to maintain 
the appropriate ratio and count; it should be >106cfuml-’ in the 
final product at the end of its shelf life. 

7.8.2 Molds 

- The inoculation rate is determined by counting the spores in a 

* Sometimes a coliform test is carried out to detect gross 
sterile suspension. 

contamination. 

7.8.3 Kefir Grains 

* Activity test on the preserved grains. 
- Two possible contaminants-that is, coliforms and white molds 

(e.g., G. candidurn)-may be present in the grains. 
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7.8.4 Swabs 

These tests are carried out on starter culture equipment and propaga- 
tion vessels and are essential to check on the efficiency of cleaning and 
the sanitary condition of the plant. 

7.8.5 Microbiological Specifications 

Microbiological specifications of commercial DVI starter cultures 
(freeze-dried or frozen) are: 

Starter organims 10'0-10'2cfu g-' 

Enterococci <20 cfu g-' 
Coliforms Absence in g-' 

Yeasts and molds Absence in g-' 
Staphylococci (coagulase-positive) Absence in log-' 
Listeria Absence in 25g-I 
Salmonella Absence in 25g-I 
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8.1 INTRODUCTION 

The origins of fermentations involving the production of lactic acid are 
lost in antiquity, but it is not difficult to imagine how nomadic com- 
munities gradually acquired the art of preserving their meager supplies 
of milk by storing them in animal skins or crude earthenware pots. 
Initially, the intention could well have been simply to keep the milk 
cool through the evaporation of whey from the porous surface, but the 
chance transformation of the raw milk into a refreshing, slightly viscous 
foodstuff would soon have been recognized as a desirable innovation. 
The introduction of refinements, such as concentrating the raw milk 
over an open fire to give a thicker coagulum, must also have evolved 
over a considerable period of time, but the end result was that many 
communities in the Middle East and along the Eastern seaboard of the 
Mediterranean gradually acquired the skills of making yogurt and 
related products. 

In some places, the basic character of the yogurt was changed to 
give a product with improved keeping qualities. The derivation of con- 

Dairy Microbiology Handbook, Third Edition. Edited by Richard K. Robinson 
ISBN 0-471-38596-4 Copyright 0 2002 Wiley-Interscience, Inc. 
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densed yogurt (for example, in which some of the whey is expressed 
from the coagulum) or Kishk, a product made by sun-drying a mixture 
of yogurt and a cereal (for example, cracked wheat known as Burghol 
or flour), could well have been instigated by the desire for some method 
of storing yogurt in the absence of refrigeration, and numerous local 
variations on these themes can still be found (Tamime and O’Connor, 
1995; Tamime and Robinson, 1999; Tamime et al., 1999a-c;Tamime and 
McNulty, 1999). Occasionally, yeasts would figure in the fermentation 
as well, and mildly alcoholic beverages like Kefir and Koumiss made 
their appearance among the multitude of fermented milks. 

Nevertheless, despite the popularity of these products in certain soci- 
eties, communities in northern Europe and elsewhere paid scant atten- 
tion to their properties until the classic text by Metchnikoff (1910) 
stirred the imagination of those attracted by his hypothesis. Thus, his 
proposal that the apparent longevity of the hill tribesmen of Bulgaria 
was a direct result of their lifelong consumption of yogurt inspired an 
interest in the nutritional characteristics of the product that has never 
abated. Even today the controversy smoulders on; and although 
modern commercial yogurt bears little resemblance to its Balkan coun- 
terpart, there are still many consumers who believe that it is more than 
“just another foodstuff” (Robinson, 1989). 

The validity, or otherwise, of Metchnikoff‘s views will be debated for 
many years to come, but one indisputable effect of his work was a 
marked increase in the popularity of yogurt throughout Europe. The 
almost “mystical” properties of natural yogurt were not, however, 
enough to sustain the interest of the market for very long, and it was 
not until the introduction of fruitiflavored varieties in the late 1950s 
that yogurt became a major dairy product. Since that time, its popu- 
larity as an inexpensive and convenient dessert has increased almost 
annually, so that, at the present time, fruit yogurts represent a major 
source of income to the dairy industry. This massive growth has, of 
course, been accompanied by considerable changes in the process plant 
employed for production, while, in a modern factory, control of the 
microbiological aspects of the fermentation has reduced the chances 
of unacceptable variation between batches. Nevertheless, the principles 
underlying the various aspects of manufacture have altered little with 
time, and an understanding of these basic tenets is essential for efficient 
control at plant level. 

In addition to yogurt, of course, there are now numerous types of 
fermented milk manufactured in different parts of the world, and the 
International Dairy Federation (IDF, 1988) has recently published 
a monograph dealing with the major types (see also Tamime and 
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Robinson, 1999). In general, the different types tend to be classified on 
the method of fermentation and/or processing, and a simple scheme 
based on these criteria is shown in Figure 8.1. 

Although many of these fermentations involve specific microfloras 
(Marshall, 1987; Tamime and Marshall, 1997; Marshall and Tamime, 
1997), there is a considerable degree of similarity in respect of the 
technological aspects (Tamime and Robinson, 1988, 1999), especially 
with the lactic fermentations. Obviously, the fine details of manufacture 
differ from product to product, and to some extent from plant to plant 
even for the same product, but certainly many of the technical aspects 
have much in common. It is entirely appropriate, therefore, to consider 
these aspects under just one heading, and the universal popularity of 
yogurt makes it the obvious choice for detailed appraisal. The produc- 
tion of the remaining groups in Figure 8.2 will, as a consequence, be 
discussed in outline only. 

8.2 LACTIC FERMENTATIONS 

The majority of the products mentioned in Figure 8.2 are now manu- 
factured with starter cultures composed solely of lactic acid bacteria, 
and careful selection of species is important in maintaining the integrity 
of each product. The manifestation of these desirable features depends, 
in turn, on the provision of optimum growth conditions for the organ- 
isms, and one of the essentials in this respect is temperature. It is con- 
venient, therefore, to consider the various products in relation to the 
temperature employed for incubation, because, as can be concluded 
from Table 8.1, this factor will be a direct reflection of the selected 
microflora. 

The basic requirements in terms of plant and equipment are similar 
to those described in relation to yogurt, and hence the important dif- 
ferences between products arise as a result of the following: 

* The specific starter organism associated with the product. 
- The precise conditions that are employed during the fermentation. 
* The composition and treatment of the milk base. 

In practice, however, the essential characteristics of any given milk 
are usually the result of microbial activity, and the basic identity of each 
product results from the process conditions providing the correct envi- 
ronment for the bacteria or molds or yeasts concerned. In this way, the 
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I -37 

TABLE 8.1. Some Established Categories of Fermented Milk Products and an 
Indication of the Microflora Responsible for Their Production" 

-22 

Category 
Genera of Fermentation 

Microorganismsb Temperature ("C) 

Lactic fermentations 
Mesophilic 

Thermophilic 

Therapeutic' 

Lactococcus 
Leuconostoc 
Pm!iococcus' 

Streptococcus 
Lacto bncillirs 

Rifidohacteriuni 
Strrptococciis 
Lacto bacillus 
Eriterococciis 

Yeast-lactic fermentations Mesophilic LAB" 
Thermophilic LAB" 
Yeasts 
Contaminants 

Mould-lactic fermentations Mesophilic LAB" 
Mold 

530 1 
142-45 

118-20 

"Refer t o  text. 
"For detailed characterimtion of these microorganisms, refer t o  Chapter 7. 
'Refer t o  C'haptcr 9 for further dctail. 
"LAB. lactic acid hacteria. 

basic metabolism of the species or groups of species stamps its unique 
character on the milk; and although the final flavors will result from a 
complex range of chemical interactions, it is the microflora which paves 
the way. This dependence on microbial activity means that care over 
starter culture preparation is extremely important, and much of what 
has been said elsewhere in this volume about starter production and 
maintenance is equally applicable to the range of fermented milks that 
are available in viirious parts of the world. 

It must be admitted, however, that with the exception of yogurt and 
acidophilus milk, the microflora of fermented milks has. until recently, 
been subject to little systematic investigation. Thus, the role of strain 
differences and/or incompatibility in relation to the organoleptic prop- 
erties of the various products is still largely a matter for speculation, 
and this restraint applies even where interspecific relationships are of 
major importance. A prime example of this latter situation is the gran- 
ular starter employed for Kefir, where the nature of the inoculum rep- 
resents. perhaps, the ultimate complexity. 
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In some instances, this absence of information about a microflora 
and its activity has clearly inhibited the development of new or 
improved products; but in other cases, traditional expertise more than 
compensates for any deficiencies in fundamental knowledge. As a 
consequence, a number of fermented milks are manufactured on a 
considerable scale, and a brief outline of some of the more popular ones 
will serve to indicate how variation between the various products has 
been achieved. 

In general, the stages of manufacture consist of a preliminary treat- 
ment of the milk base [fat standardization and fortification of the solids- 
not-fat (SNF)], followed by homogenization, heat treatment, cooling, 
fermentation, cooling, fruit addition, packaging, and cold storage. The 
only differences associated with the sequence of the manufacturing 
stages of fermented milks are (a) homogenization of the milk base 
before or after heat treatment and (b) homogenization of the product 
after the fermentation stage (Tamime et al., 2001). 

8.2.1 Mesophilic Fermentations 

8.2.1.1 Traditional or Natural Buttermilk. Traditional buttermilk 
is the by-product of buttermaking that arises after churning ripened 
cream, while cultured buttermilk is a fermented skimmed milk. The 
starter culture is composed of a mixture of Lactococcus spp. (Lacto- 
coccus lactis subsp. lactis and Lactococcus lactis subsp. cremoris, which 
are the main lactic acid producers, and Lactococcus lactis subsp. lactis 
biovar diacetylactis) and Leuconostoc mesenteroides subsp. cremoris. 
Incidentally, the latter two species are responsible for the aroma or 
flavor production (Tamime and Marshall, 1997). 

During production of the butter, the cream is heated before ripen- 
ing at 90-95°C for 15s or at 105-110°C with no holding. Vacuum treat- 
ment of the cream during cooling is optional, but it is recommended to 
remove any cooked flavor due to heating. The perceived sensory char- 
acters of the resultant buttermilk are (a) acid or sour taste, (b) buttery 
flavor due to diacetyl, and (c) the presence of some residual butter 
granules. 

8.2.7.2 Cultured Buttermilk, In contrast, cultured buttermilk is 
made from skimmed milk (9.5g 1OOg-' SNF; optional 7.5 to 11.4g 
1OOg-' SNF and 0.3-2.Og 1OOg-' fat) which is heated to 95°C for 5min, 
cooled to 22°C and inoculated with mesophilic mixed starter cultures 
(Tamime and Marshall, 1997). After fermentation, the product is 
warmed to 40"C, homogenized (7.5-10.0 MPa), cooled, and packaged; 
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this latter process improves the water holding capacity and stability 
of the gel. A similar approach is used in Ymer and Ylette making 
(e.g., Nordic products), but the fermented milk is homogenized before 
cooling and packaging stages (Tamime et al., 2001). 

To mimic the characteristics of traditional buttermilk, incorporation 
of butter granules into cultured buttermilk can be achieved by (a) the 
addition of freeze-dried butter flakes or granules, (b) the use of a churn- 
ing method, or (c) dripping melted cream or anhydrous milk fat (AMF) 
into the cold butter milk (Tamime and Marshall, 1997). 

8.2.1.3 Nordic Sour Milks. The traditional Nordic or Scandinavian 
buttermilk products (La6ngfi1, Langmjolk, Taetmjolk, Filmjolk) are 
slimy or ropy due to (a) rubbing the interior of the milk pails 
with leaves of Butterwort (Pinguicula vulgaris) and (b) the presence 
of the slime-producing Bacterium lacticus longi, which has been 
identified as a variant of Lactococcus spp.; some researchers have pro- 
posed the name L,actococcus luctis biovar Zongi (Macura and Townsley, 
1 984). 

In some countries, the fat content is standardized within a range of 
0.5-3.0g 1 0Og-', and the Scandinavian "sour milk" (Filmjolk) is a typical 
variant. However, whatever the national differences in respect of the 
end product, manufacturing procedures have much in common. In the 
most direct process, the milk is simply pre-heated to >7S°C, deaerated 
in a vacuum chamber (the temperature drops to -70°C; this step of the 
process is regarded as desirable to impart a smooth consistency to the 
product), and the fat is separated for continuous in-line standardisa- 
tion of the fat level required in the end product. Then, the milk is 
homogenised (17.5-20.0MPa), heated to 90-95°C for 3min, cooled to 
20°C and inoculated with a buttermilk starter culture (1-2ml 100ml-' 
bulk starter) including slime-forming strains. The inoculated milk is agi- 
tated for 10min and fermented at 20°C for 20h or until acidity reaches 
-0.9% lactic acid. The coagulum is cooled, packaged and moved to the 
cold store (Tamime and Marshall, 1997). However, insufficient flavor in 
buttermilk and related products is often associated with deficiencies in 
the starter culture, but the most frequent complaint concerns physical 
separation. Some manufacturers avoid this latter problem by incorpo- 
rating gelatin or additional fat into the process milk, but the danger 
of consumer complaints can usually be avoided by close attention to 
process details. 

8.2.1.4 Cultured Cream. Sour cream is an extremely viscous 
product with the flavor and aroma of buttermilk, but with a fat content 
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of 10-12 or 20-30g 100g-I fat; its method of consumption is more akin 
to that of normal cream. A typical schedule for production involves 
fortifying whole milk with cream to give the desired fat content and, 
optionally, adding citric acid or Na-citrate to enhance the metabolic 
activity of the starter culture i.e., cit' Lactococcus and Leuconostoc 
species). The cream (10-12 and 20-30g 100g-' fat) is prewarmed to 
-70°C and homogenized at 15-20 and 10-12MPa for low- and high- 
fat creams, respectively; this process improves the consistency of the 
final product. The homogenized cream is heated to 90°C for 30min 
or 90°C for 5 min, cooled to -20"C, inoculated with 1-2ml100ml-' bulk 
starter culture (three Lactococcus species and L. rnesenteriodes subsp. 
crernoris), and fermented for 18-20h or until acidity reaches 0.8g 
100g-' of lactic acid. 

On cooling, the sour cream is then ready for packaging in cartons 
prior to dispatch, but care must be taken at this stage to avoid any 
serious deterioration in viscosity. It is for this reason that some manu- 
facturers incubate the cream in the retail cartons, and certainly this 
process can give rise to a markedly thicker material. 

8.2.1.5 Miscellaneous Products. A wide range of indigenous fer- 
mented milk products are traditionally made in rural areas of many 
countries. Most of these products rely on spontaneous fermentation 
due to the indigenous lactic acid bacteria present in the milk. The fol- 
lowing reviews are recommended for further reading in relation to the 
processing and microbiological aspects of such products (Kurmann 
et al., 1992; Dirar, 1993;Tamime and Marshall, 1997). In some countries, 
the spontaneous fermentation of the milk takes place in gourds made 
out of the fruits of plants (e.g., Lagenaria peucantha). Although the 
mechanism is not understood, a degree of control of the fermentation 
can be achieved by smoothing the inner side of the gourd with glowing 
splints; in Kenya, for example, wood from the tree Olea africana is used 
(Kimonye and Robinson, 1991). Some examples of other fermented 
products are as follows: 

Maziwa LaZ is a traditional fermented milk made in Kenya, and the 
commercial product is called Mala. A buttermilk starter culture is used 
to ferment the milk, and optionally the coagulum is flavored with fruit 
juices. In addition, the product is sweetened with the addition of sugar 
and may be stabilized (e.g., pectin, gelatin, or Na-caseinate). 

Susa is made from camel's milk in Kenya, and the fermentation is 
carried out using a heterofermentative mesophilic starter culture 
[Farah et al. (1990); see also Tamime and Robinson (1999) for exam- 
ples of thermophilic-type fermentations of camel's milk]. However, 
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when using homofermentative type starter cultures were used, con- 
sumers did not rate the product highly. 

Lben is a Moroccan fermented product which is equivalent to 
buttermilk. The milk is fermented spontaneously at 18-24°C for 2448h,  
and then it is churned to remove the butter granules. The microflora of 
the Lben is mainly composed of L. lactis subsp. lactis biovar diacety- 
lactis, Leuconostoc lactis, and L. mesenteroides subsp. cremoris and 
subsp. dextranicum; lactobacilli, yeasts, molds and coliforms are also 
present (Tamime and Marshall, 1997). 

8.2.2 Thermophilic Fermentations 

The term “thermophilic” is reserved for starter cultures whose 
optimum growth temperature lies between 37°C and 45°C; and the 
genera Streptococcus, Lactobacillus, Bifidobacterium, and Enterococ- 
cus are often used for the production of fermented milk. Only the prod- 
ucts made with Streptococcus thermophilus, Lactobacillus delbrueckii 
subsp. hulgaricus and subsp. lactis, and in some instances Lactobacillus 
helveticus will be reviewed, whilst the “bio”-fermented milk products 
are detailed in Chapter 9 of this volume. 

8.2.2.7 Bulgarian Buttermilk, This fermented milk product is made 
in Bulgaria using L. delbrueckii subsp. bulgaricus alone, and other 
synonyms for the product are Bulgaricus acid or cultured buttermilk, 
Bulgarian milk, or Bulgaricus milk (Tamime and Marshall, 1997). The 
manufacturing stages are similar to yogurt making, and the processed 
milk base is fermented overnight at -41°C to achieve the desired 
level of acidity (e.g., 1.4g 1OOg-I). On some occasions the starter culture 
may also contain S. thermophilus or a cream culture (Gyosheva, 1985; 
van den Berg, 1988; Kurmann et al., 1992; Tamime and Marshall, 
1997). 

It is reported by Marshall (1986) and Tamime and Marshall (1997) 
that the product has a “clean” flavor reminiscent of yogurt, and this reac- 
tion suggests that L. delbrueckii subsp. bulgaricus metabolizes some of 
the components in milk to acetaldehyde. Furthermore, this product is 
made into pharmaceutical tablets containing viable cells [2.5 x 10’ 
colony forming unit (cfu) g-’1; when fed to babies, their feces contain 
1.0 x IO‘cfug-’ of viable lactobacilli (Kurmann et al., 1992). 

8.2.2.2 Yogurt. The types of yogurt that are produced worldwide 
can be divided into various categories, and the subdivisions are usually 
created on the basis of the following: 
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TABLE 8.2. Scheme for the Classification of Yogurt 

Group Physical State Product Type 

I Liquidlviscous Yogurt including drinking products 
I1 Semisolid Concentratedlstrained yogurt 
111 Solid Soft and hard frozen yogurt and mousse yogurt 
IV Powder Dried yogurt 

Source: Adapted from Tamime and Deeth (1980). 

* Existing or proposed legal standards (full, medium, or low-fat) 
* Method of production (set or stirred) 
- Flavors (natural, fruit, or flavored) 
- Post-incubation processing (heat treatment, freezing, drying, or 

concentration) 

It can be observed from this brief review that it is difficult, if not 
impossible, to find a common definition for all those products at present 
termed “yogurt.” However,Tamime and Deeth (1980) (see also Tamime 
and Robinson, 1999) have proposed a scheme of classification that does 
cover all types of yogurt, with the groupings based primarily on the 
physical state of the product (Table 8.2). 

Some of the steps involved in the manufacture of the different types 
of yogurt are illustrated in Figure 8.3 (see also Table 8.3), and it can be 
observed that the stages of production for set or stirred or drinking 
yogurts are similar until after the addition of the starter culture; illus- 
trations of yogurt production lines have been detailed by Bylund 
(1995), Tamime and Robinson (1999), and Tamime et al. (2001). 
However, Figure 8.4 shows the processing equipment/installations 
required for the production of set, stirred, and extended shelf life of 
stirred yogurt. The primary difference in the plant design are governed 
mainly by the options used for the preliminary treatment of the milk 
base and the type of yogurt that is produced (i.e., set or stirred). Some 
examples of the former aspect include (a) the use of powders, (b) on- 
line concentration of the milk base (e.g., vacuum evaporator or mem- 
brane processing), and (c) the method used to standardize the fat 
content. 

8.2.2.2.7 Preparation of the Mi/k Base. The preparation of the 
milk base involves the fortification and/or standardization of milk, 
and fortification of the yogurt milk means, in this context, increasing 
the level of the SNF in the milk in order to achieve the desired 
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TABLE 8.3. Outline of the Important Stages in the Manufacture of Set or 
Stirred Yogurt 

Process Materials 

Standardization of fat, 
addition of S M P  or 

concentration of the 
milk base 

-17MPa and 60-70°C 

Whole or skimmed milk at 
14-16g IOOg-' total solids 

vacuumimembrane (0.1-4.5g-' 100 fat) 

Homogenization at  Process the milk base 

Heat treatment at Process the milk base 
80-85°C for 30min or  
90-95°C for 5-10min 

Cooling to  30°C or 42°C Inoculate the processed 
and inoculation with milk base 
starter cultures 

Incubation for 16-18 h Milk coagulated by lactic 
at 27-30°C or  3.5-4.5 h acid, and flavor 
at 42°C compounds released by 

starter cultures 
Addition of fruit (10-15 g 

loog-') or flavors for 
Cooling to  4 ° C  for set 

yogurt or 20°C for 
stirred yogurt stirred yogurt 

Packaging of stirred Retail products 
yogurt and in-container 
cooling to  4 ° C  

Comments 

Sucrose (7-10g 100g-l) and 
stabilizers may be added 
to the milk base for 
stirred, fruit yogurt 

Reduces fat globules to  
<2 pm and improves the 
texture of end product 

Reduces bacterial load and 
oxygen content of milk; 
denatures whey proteins 
that interact with K- 
casein and improves 
texture of end product 

Set yogurt will be packaged 
at this point, optional 
addition of fruits or 
flavors 

Incubation rooms for set 
yogurt o r  in-tank 
incubation for stirred 
yogurt 

handled gently to avoid 
structural damage of the 

The coagulum must be 

gel 
Individual carton (120- 

150ml) and family packs 
(500g) are normal 

"SMP, skimmed milk powder. 

rheological properties of the manufactured product, while standard- 
ization means adjusting the fat level in the milk. The different methods 
for fortification/standardization of the milk base are summarized in 
Table 8.4, which also indicates the possibilities that exist for either 
increasing or decreasing the various milk constituents. However, the 
choice of any particular system is primarily governed by the following 
factors: 

Cost and availability of the raw materials 
- Scale of production 
* Capital investment in the processing equipment 
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The composition of yogurt (percentage total solids) varies con- 
siderably (IDF, 1969, 1992a,b), and the available information is well- 
documented (Robinson and Tamime, 1975; Tamime and Deeth, 1980; 
Tamime and Robinson, 1999). However, commercial yogurts (natural) 
in the United Kingdom tend to contain around 15g 100g-’ milk solids 
(Tamime et al., 1987a), and the most popular methods of fortification 
are the addition of milk powder to liquid milk (see Figure 8.4A) or the 
use of evaporation techniques. Alternatively, the solids content of 
the yogurt milk can be increased by the addition of an ultrafiltration 
(UF) concentrate instead of milk powder; the equipment remains 
basically the same, but the milk powder mixing unit shown in Figure 
8.4A would not be required (see Tamime et al., 2001). However. it 
is feasible to concentrate the milk base on-site, and a description of 
such plants has been reported by Bylund (1995) and Tamime and 
Robinson (1 999); additional information on the use of membrane 
filtration has been evaluated by Grandison and Glover (1994) and 
Cheryan ( I  998). 

It is also at this stage of pretreatment of the yogurt milk that stabi- 
lizers, such as pregelatinized starch (up to 1 g 1OOg-I) or plant gums (up 
to 0.5g IOOg-’), may be added to the process milk, because syneresis 
from the coagulum of stirred yogurts is most easily avoided through 
the judicious use of hydrocolloids (see Tamime and Robinson, 1999; 
Fiszman et al., 1999). 

8.2.2.2.2 Homogenization and Heat Treatment. The importance of 
total solids in this context stems from the improved consistency 
imparted to the yogurt coagulum, an improvement that is carried 
further by the homogenization stage that follows fortification (see 
Figure 8.4B). The effect of this treatment on the milk, and particularly 
on the lipid fraction, has been discussed by Tamime and Robinson 
(1999), and these changes tend to impart a rather “smooth” texture to 
the coagulum. It is also reported that homogenization can reduce the 
incidence of “pips” in yogurt-that is, the white flecks that appear in 
some fruit varieties (Robinson, 1981)-because although the origin of 
the “pips” is now known for certain, diminishing their visual impact 
goes some way toward reducing consumer complaints. 

Although homogenization (-17MPa at 60-70°C) is widely practiced 
by the industry, its effects are not so apparent as those associated with 
the subsequent heat treatment. The optimum conditions for this treat- 
ment are 80-85°C with a holding time of 30min; but, in many factories, 
time and temperature are dictated by the available plant. However, 
although the impact of a given heating regime will vary with the con- 
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ditions employed, the effects of heat treatment can be summarized as 
follows: 

- There is a denaturation of the whey proteins (albumins and glob- 
ulins), as well as an interaction with the K-casein. Such interaction, 
along with the yogurt coagulum produced subsequently, is ren- 
dered more viscous (Walstra and Jenness, 1984). 

- The bacterial load in the milk is reduced, and hence the starter 
culture has less competition from adventitious organisms. 

- There is a reduction in the amount of oxygen in the milk, and 
because the normal yogurt cultures are micro-aerophilic, the 
lowered oxygen tension encourages their growth. 

- Some limited damage to the milk proteins may occur during 
heating, and the breakdown products can either stimulate or inhibit 
starter activity (see Tamime and Marshall, 1997; Tamime and 
Robinson, 1999). 

The temperature of heat treatment of the yogurt milk can vary from 
as low as ordinary pasteurization (72°C for 15s) to as high as 133°C for 
1 s (UHT). However, convenient industrial practice involves preheat- 
ing the milk to 85°C for 30min (batch process) or 90-95°C for 5-10min 
(continuous process). In the batch system, heating of the milk is carried 
out in a vessel known as a “multipurpose processing tank,” where all 
the stages of yogurt manufacture are carried out in the one holding 
unit. These tanks are normally jacketed, and a typical cycle of opera- 
tions might be as follows: 

* Fill the tank with milk and add the necessary ingredients. 
- Circulate hot water in the jacket to raise the temperature of the 

milk base. 
* Hold the milk at the desired temperature for a standard period of 

time. 
* Circulate chilled water to cool the milk to the incubation temper- 

ature (i.e., 42°C). 
Maintain this temperature during the entire period of fermentation/ 
coagulation. 

- Circulate chilled water just before the yogurt reaches the desired 
acidity, and continue the cooling stage until the temperature of the 
yogurt is less than 10°C. 

It should be noted that while the quality of the end product can be 
extremely good, the time required to manufacture, say, 5000 liters of 
yogurt can be as long as 12 h. 
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The use of multipurpose processing tanks for the manufacture of 
yogurt can, therefore, prove inconvenient, and it is for this reason that 
plate or tubular heat exchangers are often used for continuous heat 
treatment of the milk base. Tamime and Robinson (1999) have 
reviewed in detail the use of such systems for the manufacture of 
yogurt, and the advantages of a continuous process as compared with 
the batch system are as follows: 

- A smaller floor area is required for a given volume of production. 
* Less energy is required. 

Productivity can be increased by utilizing the fermentation tanks 
more than once per day. 

- The milk base can be homogenized more easily. 
- The yogurt is cooled outside the fermentation tanks. 

8.2.2.2.3 Inoculation with Starter Cultures. The processed milk is 
cooled to 30°C or 40°C and inoculated with starter cultures to ferment 
the milk (i.e., long or short incubation time, respectively). 

8.2.2.2.3.1 MICROBIOLOGICAL EXAMINATION. The type of starters avail- 
able have been discussed in Chapter 7 of this volume, but one popular 
material for inoculation of the production vessels is still a liquid bulk 
culture containing S. therrnophilus and L. delbrueckii subsp. bulgaricus, 
for example, in the ratio of 1 : 1 (chain : chain). In practice, this require- 
ment means checking the balance by direct microscopic examination; 
and, if the count is made quantitative as well (i.e., with a Breed Smear 
technique), then the total count for each species should confirm that 
the culture is suitable for use (Robinson and Tamime, 1976). Staining 
with Newnian’s stain-or, after defatting, with methylene blue (Cooper 
and Broomfield, 1974) or Gram’s stain (Davis et al., 1971)-is a useful 
aid to differentiation, and for routine purposes the number of fields to 
be examined need not be excessive. Thus, Tamime (1977) found that 
counting 10 fields in a five-by-five cross-pattern overcame uneven 
spreading, and a reasonable estimate of the relative numbers of each 
species in the starter culture could be obtained. 

An alternative technique for obtaining information about the ratio 
between the two organisms in a starter culture, or in the retail product 
for that matter, is the total colony count using a medium that selects 
for one or other species, or differentiates between them on the same 
plate. A selection of possible media is shown in Table 8.5, but it is 
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important that different strains of S. thermophilus and L. delbrzieckii 
subsp. bulgaricus will behave differently on the same medium, and 
the performance of Lee’s medium is a case in point (Lee et al., 1974; 
Ghoddusi and Robinson, 1996). Thus, while some strains of L. del- 
brueckii subsp. hulgaricus will give rise to white colonies on the 
medium, others produce yellow colonies that are identical to those of 
S. thernzophilus, and it appears that the acid-producing capacity of L. 
delbrzieckii subsp. bulgaricus is the critical factor. L-S differential 
medium agar [Brisdon (1998); currently, this agar (CM 495) is no longer 
commercially available from Oxoid Ltd.] and modified lactic agar 
(Matalon and Sandine, 1986) are other media that appear to give dif- 
ferent responses according to the strains of bacteria under examina- 
tion; hence a medium should only be employed for monitoring a starter 
culture once its performance had been tested. Tryptose proteose 
peptone yeast (TPPY) agar with Eriochrome black or Prussian blue 
has been reported to give good differentiation, as has reinforced 
clostridial Prussian blue (RCPB) agar (Ghoddusi and Robinson, 1996; 
Rybka and Kailasapathy, 1996). 

While a single differentiating medium may be preferred for visual 
counts, the introduction of automatic colony counting may necessitate 
a change to the use of a medium selective for only one species-for 
example, M17 agar for S. thermophilus (Jordano et al., 1992). However, 
it should be noted that selective media are not always entirely 
inhibitory to other organisms. For example, acidified MRS agar 
can support the growth of both yeasts and L. delhrueckii subsp. hul- 
gariccrs; and although the difference in colony morphology is evident 
to the human eye, the electronic system will record just one total 
count. 

8.2.2.2.3.2 ACTIVITY TESTS. The essential characteristic of a good starter 
for yogurt is that it should produce the desired level of lactic acid within 
a given time, and a simple test that can be completed on liquid bulk 
cultures involves placing a standard volume of process milk in a sterile 
flask, adding a specific amount of starter culture (-2ml 100ml-I) and 
incubating the inoculated milk for 4h at 42°C. 

At the end of this time, the acidity of the milk should be around 
0.85-0.95 g 1OOg-’ lactic acid, and any cultures that fall to achieve these 
figures should be regarded with suspicion. 

8.2.2.2.3.3 ABSENCE OF CONTAMINATION. The presence of gas bubbles 
in a starter culture or an “unclean” smell is often a clear indications of 
gross bacterial contamination, and a useful confirmatory test is the 
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catalase reaction. Thus, the starter organisms are catalase-negative, so 
that if 5ml of a culture are added to 1ml of hydrogen peroxide (10ml 
100 ml-I), the formation of gas bubbles indicates a considerable infec- 
tion by nonstarter bacteria (Harrigan, 1998). 

Although an examination for bacterial contamination can be helpful, 
the presence of yeasts or molds at >10cfuml-' of starter can be of much 
greater concern, partly because many bacteria will be inactivated at the 
low pH of yogurt and partly because the presence of fungi is likely to 
lead to spoilage during the shelf life of the retail product. Contamina- 
tion of this magnitude can be readily monitored using malt extract agar 
acidified with lactic acid or chloramphenicol agar (IDF, 1990a), and a 
lo-' dilution of the starter is convenient for incorporation into pour 
plates (1 ml/Petri dish). This approach should, at least, indicate if yeasts 
are present; but, if the original counts are below lOOcfuml-', it may 
be necessary to dispense 1 ml of undiluted culture into three standard 
Petri dishes (9.0-cm diameter) or one large dish (14cm). Particular 
attention should be paid to any signs of infection by species capable 
of utilizing lactose (e.g., Kluyveronzyces marxianus var. marxianus or 
Kluyveromyces marxianus var. lactis), and their presence must be 
regarded as a stimulus for immediate action. 

These routine examinations of bulk starters are essential where 
culture maintenance is carried out on-site, but commercial freeze-dried 
or deep-frozen cultures for direct-to-vat inoculation (DVI) of the bulk 
starter/process milk have an excellent record with regard to freedom 
from contamination and overall performance, and yogurt manufacturer 
can normally be excused further examinations. 

8.2.2.2.4 Incubators/fermentatn Tanks. The acidification of milk 
during the manufacture of yogurt is a biological process that must be 
carried out, under controlled conditions, in special incubators and/or 
fermentation tanks. In the case of set yogurt, the processed milk, which 
is inoculated with the starter cultures, is packaged and fermentation 
takes place in the retail container or the milk may be pre-fermented in 
large tanks to pH >S.7 before packaging and the final stages of fer- 
mentation in the container (see Figure 8.4E). Nevertheless, the final 
incubation system for set-type yogurt may be selected from among the 
following: 

Water Baths. This is an old process for fermentation which is still 
used in some small-scale production units. The inoculated milk is 
bottled in glass retail containers; and, after packing in metal trays, 
the bottles are immersed in shallow water baths or tanks.The tem- 
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perature of the water is maintained at 4045°C until the desired 
acidity is reached, at which point the warm water is replaced with 
cold water in order to reduce the metabolic activity of the starter 
culture. Final cooling takes place in the cold store. It is, perhaps, 
worth pointing out that these types of incubator are labor- 
intensive, their energy consumption is high, and they require a 
large floor area. 

Cabinets. The cabinet comprises a small insulated room that is 
divided into compartments, and most incubators of this type are 
multipurpose chambers capable of circulating hot or cold air. In 
practice, the retail cartons are “palletized” inside the cabinet, and 
hot air is circulated during the fermentation period followed by 
cold air during the cooling stage. Sometimes these cabinets are 
used as incubators only, and the yogurt is cooled in a refrigerated 
cold store; however, the warm coagulum may suffer structural 
damage during transfer, and hence the latter procedure is avoided 
if possible. 

Tunnels. In the previous types of incubator, set yogurt is produced 
in batches, but in the tunnel system, production can be continu- 
ous. The tunnel is divided into two sections, with the first part as 
a heat chamber and the second part as a “cooler.” The trays of 
yogurt cartons move through the tunnel on a conveyor belt, and 
the speed and length of the conveyor are governed by the tem- 
perature of incubation, the percentage of starter culture used, and 
the activity of the inoculum; the lower the temperature of incu- 
bation (e.g., less than 35°C) and the smaller the inoculation rate 
(e.g., 1ml lOOml-’), the longer and slower the conveyor belt. 
Although the warm coagulum is in motion during the fermenta- 
tion period, minimum structural damage is achieved by fitting 
smooth rollers beneath the pallets. Incidentally, any type or size 
of retail container can be used in the case of cabinet or tunnel 
incubators. 

During the manufacture of stirred yogurt, the milk is fermented in 
bulk in a special incubation tank. The use of these tanks in the manu- 
facture of yogurt has been reviewed by Tamime and Greig (1979), and 
they are divided into two main types: (a) Fermentation tanks are used 
as incubators only, and they are usually insulated in order to maintain 
the appropriate temperature (see Figure 8.4C); the processing of the 
milk and the cooling of the yogurt is carried out in other equipment on 
the production line (see Figure 8.4D), and (b) multipurpose tanks (as 
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mentioned earlier, this type of tank is jacketed) can be used for all 
stages of yogurt production. 

8.2.2.2.5 Cooling. After the incubation period, the yogurt is cooled 
in order to control the level of lactic acid in the product. There are a 
number of different methods that can be used to cool stirred yogurt, 
but it is of note that the rate of cooling can affect the structure of the 
coagulum. Thus, very rapid cooling can lead to whey separation, due to 
a too rapid contraction of the protein filaments, which, in turn, affects 
their hydrophilic properties (Rasic and Kurmann, 1978). 

The normal industrial practice is, therefore, to cool the yogurt to 
15-20°C before mixing it with fruit/flavors and packaging. The final 
cooling to 5°C takes place in a refrigerated cold store. The methods 
used for cooling yogurt are as follows: 

In-Tank Cooling. The cooling of yogurt in a multipurpose tank 
requires the circulation of chilled water through the jacket, and a 
tank of 2500-5000 liters of yogurt can take up to 4 h to cool from 
45°C to 10°C (Jay, personal communication). Alternatively, by 
fitting stationary coils in a multipurpose tank (e.g., Goavac yogurt 
tank-5000 liters), the efficiency of cooling is improved, and it 
would take less than 30min to cool 5000 liters of yoghurt from 
42°C to 20°C before mixing with fruit, packaging, and final cooling 
in the cold store (Tamime and Robinson, 1985). 

Plate or Tubular Cooler. An efficient system of cooling yogurt 
quickly and continuously involves the use of a plate or tubular 
cooler; the latter type coolers may cause the least structural 
damage to the coagulum (Piersma and Steenbergen, 1973). 

Although cooling of yogurt is required mainly to control the meta- 
bolic activity of the starter cultures, there is no fixed pH value(s) at 
which to start the agitator of the fermentation tank. However, con- 
sumer acceptability of the final product and processing experience to 
minimize protein lumps or syneresis in yogurt can dictate the time of 
agitation. According to Anderson (personal communication), good- 
quality yogurts have been obtained when agitation of the coagulum has 
started at 

- pH 4.6 for creamy yogurt (10g 100g-' fat) 
- pH 4.4 for whole milk yogurt (3.5g 10Og-' fat) 

pH 4.25 for low-fat yogurt (1.5g 100g-' fat) 
- pH 4.1 for skimmed milk yogurt (-0.3g 100g-I fat) 
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8.2.2.2.6 Packaging. Yogurt packaging machines are based on one 
of the following principles: (a) volumetric level filling (e.g., when fluid 
yogurt is poured into glass bottles) or (b) volumetric piston filling, as 
applied to the packaging of stirred yogurt into plastic containers. The 
latter type is, of course, more widely used, but the piston pump can 
cause some shearing of the coagulum. It is also extremely important 
that the design of the filling head should allow for a high standard of 
hygiene. For further details of the different packaging systems (e.g., cup 
tillers), form-fill-seal, carton tillers and multiunit packs are available in 
the publication by Tamime and Robinson (1999). 

In general, most filling machines including GEA Finnah GmbH (see 
Figure 8.5) are available in the following typeskategories: 

Standard machine constructed with basic hygiene in mind, 
- Machines suitable for “clean-room” operation and fitted with 

laminar flow equipment, 
- Machines suitable for “ultraclean” operation where the equipment 

sanitizes the aluminum foil and provision for sterile air system, or 
* Aseptic types fitted with aluminum foil sterilization and hermeti- 

cally sealed tunnels and having provision for sterile air system 
(Anderson, personal communication). 

Some other features of the GEA Finnah “form-fill-seal” machine are: 
(a) pre- and post-filling stations that are suitable for multichamber con- 
tainers. (b) patch labeling of individual cups, (c) wrap-around labeling, 
(d) provision for snap-on lids, (e) temperature-controlled contact 
heating for sealing, (f) sterilization of packaging materials is effected 
using an ultrasonically produced hydrogen peroxide (H202) aerosol, 
and (g) the machines are equipped for cleaning-in-place (CIP). Some 
filling outputs of the GEA Finnah models are as follows: 

4 1 00 4200 4300 

6 x7Smm 

5 x 95mm 

10 x 95mm 

4 x 127mm 

3 x 164mm 

15,100 cups h-I 

12,600 cups h-’ 

24,000 cups h-’ 

10,100 cupsh-’ 

7,600 cups h-’ 

10 x 75mm 

8 x YSmm 

16 x Y5mm 

6 x 127mm 

5 x 164mm 

24 x 75mm 

18 x 95mm 
25,200 cups h-’ 

20,200 cups h-’ 

38,000 cups h-’ 

15,100 cups h-’ 

12,600 cups h-’ 

54,000 cups h-’ 

24,500 cups h-’ 

Note: The filling capacity specifications apply to 42 strokes min-I. 
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8.2.2.2.7 Microbiology of the Fermentation. The crude inoculum 
that was employed in the production of traditional yogurt consisted of 
a whole range of lactic acid bacteria belonging to the genera Lacto- 
bacillus and Streptococcus, and it was Metchnikoff (1910) who postu- 
lated that the derivation of yogurt depended on the presence of one 
particular bacterium, Bulgarian bacillus. This organism, renamed Ther- 
mobacterium bulgaricurn by Orla-Jensen (1931), is now recognized as 
being L. delbrueckii subsp. bulgaricus (Weiss et al., 1983; Kandler and 
Weiss, 1986). 

Although the inclusion of L. delbrueckii subsp. bulgaricus in starter 
cultures for yoghurt is now almost obligatory (Winkelmann, 1987), the 
occasional employment of L. delbrueckii subsp. lactis or L. helveticus 
in starter cultures is a distinct possibility, because the relationship 
between these associated organisms is fairly close. However, the organ- 
isms associated with the production of yogurt are normally restricted 
to L.  delbrueckii subsp. bulgaricus and S. thermophilus (Kon, 1972). 
In some sources, the latter organism has been reclassified as Strep- 
tococcus salivarius subsp. thermophilus because the DNA homology 
between S. salivarius and S. therrnophilus was found to be in the range 
of 75-97% (Kilpper-Balz et al., 1982; Farrow and Collins, 1984). Nev- 
ertheless, these genetic data have not been supported by numerical tax- 
onomic studies using phenotypic characters (Bridge and Sneath, 1983; 
Hardie and Wiley, 1995), and hence most authorities have reverted to 
the old nomenclature of S. thermophilus. 

8.2.2.2.7.1 THE INDIVIDUAL SPECIES. s. thermophilus is a Gram-positive 
bacterium with spherical/ovoid cells of 0.7- to 0.9-ym diameter, and it 
is a natural inhabitant of raw milk in many parts of the world. It occurs 
in milk in long chains of 10-20 cells, and it ferments lactose homofer- 
mentatively to give L(+)-lactic acid as the principal product. Above 
l o g  of lactic acid kg-' of yogurt (around pH 4.3-43, the growth and 
metabolism of S. tlzermophilus is normally inhibited, and cell numbers 
that may have reached 10 x 107-8cf~ml-' of yogurt tend to stabilize. 
Glucose, fructose, and mannose can also be metabolized, but the fer- 
mentation of galactose, maltose, and sucrose is strain-specific. Thus, as 
mentioned earlier, numerous strains of S. therrnophilus have been iso- 
lated over the years and/or modified in the laboratory, and hence the 
loss or gain of alleles for specific aspects of metabolic performance is 
not uncommon. 

The principal sugar in the yogurt base, lactose, is actively transported 
across the cell membrane of S. thermophilus through the mediation of 
a membrane-located enzyme, galactoside permease; and once inside 
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the cell, the enzyme P-galactosidase hydrolyzes the sugar to glucose 
and galactose. The glucose is then metabolized to pyruvate via the 
Embden-Meyerhof-Parnas (EMP) Pathway, and lactic dehydrogenase 
converts the pyruvate to lactic acid. The galactose and lactic acid 
usually leave the cell and accumulate in the medium, but some strains 
of S. thermophilus possess a galactokinase that converts the galactose 
to galactose-1-P. This phosphorylated form of galactose can then be 
transformed into either glucose-1-P or galactose-6-P, depending on the 
strain, and further metabolized into lactic acid. 

Despite its protein-rich habitat, S. thermophilus displays limited pro- 
teolytic ability, and hence its source of nitrogen is, at least initially, free 
amino acids occurring naturally in the milk or released during the heat 
treatment. However, some amino acids, such as glutamic acid, histidine, 
cysteine, methionine, valine, or leucine, are not present in milk at levels 
sufficient to support the essential growth of S. thermophilus, so that the 
increase in cell numbers necessary to complete the yogurt fermenta- 
tion depends upon the absorption of short-chain peptides released by 
L. delbrueckii subsp. bulgaricus and hydrolysis of these to the con- 
stituent amino acids (Robinson, 2000). 

The optimum growth temperature for S. thermophilus is -37"C, but 
it is sufficiently thermophilic in nature to grow alongside L. delbrueckii 
subsp. bulgaricus during the commercial production of yogurt at 
42°C. The growth of S. thermophilus ceases at -10°C. Lactobacillus 
delbrueckii subsp bulgaricus is also Gram-positive, but occurs in 
milk as chains of three to four short rods with rounded ends, 0.5-0.8 x 
2.0-9.0pm. Its basic metabolism is again homofermentative, but in this 
case the end product is D(-)-lactic acid at levels of around 18gkg-' of 
yogurt. This form of lactic acid is less readily metabolized by humans 
than the L(+)-acid isomer, and it is well above the level appreciated 
by the average consumer at -1Ogkg-'. The tolerance of L. delbrueckii 
subsp. bulgaricus to acidity also contrasts dramatically with that of 
S. thermophilus. Lactose, fructose, glucose, and, in some strains, 
galactose can all be utilized by L.  delbrueckii subsp. bulgaricus, but, 
unlike S. thermophilus, L. delbrueckii subsp. bulgaricus can hydrolyze 
casein-especially P-casein-by means of a wall-bound proteinase 
to release polypeptides. However, the peptidase activity of L. del- 
brueckii subsp. bulgaricus is limited; but, because S. thermophilus can 
readily hydrolyze peptides to free amino acids, it is likely that some of 
the latter are available to L. delbrueckii subsp. bulgaricus (Robinson, 

The optimum growth temperature for L. delbrueckii subsp. bulgari- 
cus is 45°C and hence the value of 42°C selected for commercial 

2000). 
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production is an effective compromise between the growth optima of 
the two essential species. 

8.2.2.2.7.2 SYNERGISTIC OR ASSOCIATIVE INTERACTIONS. The trend in 
favor of L. delhrueckii subsp. bulgaricus and S. thermophilus as the 
dominant starter organisms in yogurt is valuable in that it helps to give 
yogurt a distinctive character vis-a-vis other fermented milks, such as 
acidophilus milk made with Lactobacillus acidophilus. There are also 
sound microbiological reasons for promoting the association, because 
it has been widely observed that both the cell count and the produc- 
tion of lactic acid during yogurt manufacture is greater when mixed cul- 
tures of S. thermophilus and L. delbrueckii subsp. bulgaricus are used, 
as compared with single species (Tamime and Robinson, 1999). This 
observation led Pette and Lolkema (1950a,b) to postulate the existence 
of a synergistic relationship between compatible strains of the two 
organisms; in particular, it is now widely accepted that: 

The proteolytic activity of L. delbrueckii subsp. bulgaricus releases 
peptides and, to a lesser extent, amino acids that can be metabo- 
lized by S. thermophilus. 

* The peptidases formed during the active growth of S. thermophilus 
act on the peptides to liberate amino acids that are utilized by L. 
delhrueckii subsp. bulgaricus (Accolas et al., 1980; Radke-Mitchell 
and Sandine, 1984; Tamime and Robinson, 1999). 

The stimulation of L. delbrueckii subsp. bulgariciis is further 
enhanced due to the production by S. thermophilus of formic acid or 
the addition of sodium formate (Galesloot et al., 1968; Veringa et al., 
1968; Bottazzi et al., 1971; Marshall and Mabbitt, 1980). In addition, 
Driessen et al. (3982) reported that the growth of L. delhrueckii 
subsp. bulgaricus was stimulated by carbon dioxide produced by S. 
thermophilus and, in particular, that the optimum level was around 
31 mg C 0 2  kg-' of milk. In commercial practice, heat treatment of the 
milk base reduces the natural level of carbon dioxide substantially, 
but strains of S. thermophilus have been found that produce 30-50mg 
C02kg-' of milk within the first hour of incubation; these levels 
more than sufficient to stimulate L. delhrueckii subsp. bulgaricus. The 
source of this carbon dioxide is the breakdown of urea (Tinson et al., 
1 982). 

The value of the synergism between the species can be easily demon- 
strated by isolating strains of S. thermophilus and L. delbrueckii subsp. 
hulgaricus from a commercial starter culture and then inoculating the 
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individual species into milk (20ml of liquid culture liter-’). If the rate 
of acid development in the separate milks is then compared with the 
level of lactic acid liberated in a “control” [lOml of S. thermophilus and 
10 ml of L. delbrueckii subsp. bulgaricus (liquid cultures liter-’)], the 
contrast is most dramatic. Thus, while the combined culture may well 
generate an acidity of >log liter-’ in 4h at 42”C, the values in the indi- 
vidual cultures could be -4g liter-’ for S. thermophilus and around 2g  
liter-’ for L. delbrueckii subsp. bulgaricus (Robinson, 2000). 

The implications of this pattern for the dairy industry are self- 
evident, and it confirms also that S. thermophilus grows more rapidly 
than L. delbrueckii subsp. bulgaricus in milk and, at least initially, 
releases more lactic acid. However, the developing acidity provides an 
environment that is conducive to the growth and metabolism of L. del- 
brueckii subsp. bulgaricus so that, at the end of 4 h, the latter compo- 
nent of a combined culture will be releasing more lactic acid than 
S. thermophilus. Although the growth rates of the two species are 
markedly different over a typical 4-h fermentation, “abundant and 
viable” populations of both species should be present in the retail 
product. 

8.2.2.2.7.3 METABOLIC PRODUCTS IMPORTANT FOR YOGURT QUALJTY. The 
production of acetaldehyde in yogurt is most pronounced in mixed 
cultures (Bottazzi and Vescovo, 1969); and although S. thermophilus 
does form acetaldehyde, the threonine aldolase pathway (threonine -+ 
glycine and acetaldehyde) is less active at normal fermentation tem- 
peratures (i.e., -42°C) than the corresponding synthesis by L. del- 
brueckii subsp. bulgaricus; the possible role of alternative pathways for 
the production of acetaldehyde in yogurt has been reviewed by Tamime 
and Robinson (1999). 

In mixed cultures, the final concentrations of acetaldehyde in yogurt 
can range from 2.4pgg-’ to 41.Opgg-I; and these levels, along with lower 
amounts of acetone (1.0-4.0pgg-’), acetoin (2.5-4.0pgg-’), and diacetyl 
(0.4-13.0 pg g-I), give yogurt its distinctive flavor profile. However, the 
flavor of milks that arise from natural fermentations are not easy to 
classify (Ulberth and Kneifel, 1992); this point was confirmed by Ott 
et al. (1997, 1999, 2OOOa-c), who identified 21 components of Swiss 
yogurt that could be having a major impact on flavor. 

While lactic acid is the primary product of lactose catabolism 
(Marshall and Tamime, 1997), the production of extracellular polysac- 
charides (EPS) is extremely important in those cultures employed for 
the manufacture of stirred, fruit yogurts. Scanning electron micrographs 
of yogurt manufactured with appropriate strains show that the gum-like 
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material forms filamentous links between the cell surfaces of the bac- 
teria and the protein matrix (Kalab et al., 1983; Tamime et al., 1984). 
These findings were confirmed by Schellhaass and Morris (1985), 
Bottazzi and Bianchi (1986), Kalab (1993), and Skriver et al. (1995), and 
a typical example of this behavior is shown in Figure 8.6. The precise 
identity of these “gums” is still under investigation, but Tamime (1977) 

Figure 8.6. A scanning electron micrograph of natural yogurt showing the long chains 
of cocci (S. thermophikis) and the short chains of rods (L.  delhrueckii subsp. hulguri- 
cus);  the matrix of coagulated milk proteins is also clearly visible, as are the strands of 
extracellular polysaccharide linking the bacterial cells to the protein. Micrographs A 
and B. Tamime and Kalab (Scotland and Canada); micrographs C and D, Rottazzi 
(Italy). [After Tamime and Robinson (1999). Reproduced by courtesy of Woodhead 
Publishers, Cambridge, England.) 
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reported that the material secreted by a so-called “slimy” culture was 
a glucan. By contrast, Schellhaass and Morris (1985) found that the 
secretion from another “slimy” strain was formed from glucose and 
galactose in a ratio of 1 : 2. This contrast between strains is not unex- 
pected, nor is the ability of different strains of S. therrnophilus (Cerning 
et al., 1988; Cerning, 1990; Doco et al., 1990) and L. delbrueckii subsp. 
bulgaricus (Cerning et al., 1986; Garcia-Garibay and Marshall, 1991; 
Gruter et al., 1993; Grobben et al., 2000) to produce “gums” that differ 
in their chemical nature (see also Cerning et al., 1990; Cerning, 1995; 
Cerning and Marshall, 1999; Ricciardi and Clementi, 2000). 

All the “gums” produced by starter cultures for yogurt are polysac- 
charides; and, while details of their tertiary structures have not been 
published, qualitative differences with respect to the constituent mono- 
saccharides have been reported (Charteris et al., 1998); a summary of 
some typical differences is shown in Table 8.6. In addition, relationship 
between the “gum” and the bacterial cell can differ, and either (a) the 
strain of S. therrnophilus or L. delbrueckii subsp. bulgaricus secretes a 
“slimy/ropy” polysaccharide that migrates into the surrounding gel or 
(b) the polysaccharide forms a capsular envelope around the cell 
(Charteris et al., 1998; Cerning, 1990; Hassan et al., 1996). To some 
extent, these differences are reflected in the physical properties of the 
resultant yogurts; and although the correlation is not precise, it is rea- 
sonable to suggest the following: 

* Cultures secreting glucan-like polysaccharides give rise to products 
with low structural stability to applied stresses, so that once the 
chemical bonds within a chain of monosaccharides are broken 
during stirring or packaging, they do not reform and any loss of 
viscosity is permanent (Hassan et al., 1996). To the consumer, the 
retail yogurts will appear fluid, but have a pleasant and slightly 
“slimy” mouthfeel. 
Capsular polysaccharides give a thicker, “spoonable” texture to the 
product, and the gel is less prone to damage during pumping 
or similar operations. In addition, once the yogurt is in the carton, 
there is a tendency for part of the viscosity lost during packaging 
to recover, probably because the encapsulated gells tend to 
“clump” together and bind the casein micelles as well. Further- 
more, if such yogurts are held at ambient temperature prior to chill- 
ing, the recovery in viscosity may be enhanced as a result, perhaps, 
of additional polysaccharide synthesis (Rawson and Marshall, 
1997). 
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Obviously, any natural fermentation brings about numerous of 
minor changes in the substrate, with the nature of the substrate (e.g., 
cow’s, sheep’s, or goat’s milk) and the strains of bacterium giving rise 
to subtle differences in the end product. Some of the less predictable 
changes associated with the yogurt fermentation are summarized in 
Table 8.7. 

TABLE 8.7. Some of the Detectable Changes in Yogurt Milk that Result from the 
Activity of the Starter Organisms 

Carbohydrate Lactose is hydrolyzed inside the bacterial cell by the enzyme p- 
galactosidase to glucose and galactose. The former is utilized for 
the production of D(-)- and L(+)-lactic acid, and the galactose 
accumulates. 

The calcium-caseinate-phosphate complex is destabilized by the 
lactic acid, and this leads to the formation of the yogurt 
coagulum. 

Production of flavor components (pgg-’) in yogurt due to 
fermentation of the milk sugar-for example, acetaldehyde 
(2.4-41.0), acetone (1.0-4.0), acetoin (2.5-4.0), and diacetyl 
(0.4-13.0). 

Proteolysis Yogurt starter cultures are slightly proteolytic, and the peptides and 
amino acids produced act as precursors for the enzymic and 
chemical reactions that produce the “flavor compounds.” 

bulgaricus, but peptidase enzymes are produced by both 
S. thermophilus and L. delbrueckii subsp. bulgaricus; the 
production of bitter peptides is attributed to the use of 
incubation temperatures below 30°C and/or enzymic activity 
during cold storage; strain differences may also be important. 

The free amino acid content of yogurt can vary from 23.6 to 70mg 
100mlP. 

Some degree of fat degradation by the starter culture does take 

Protein degradation is associated mainly with L. delbrueckii subsp. 

Lipolysis 
place, and the end products contribute significantly toward the 
flavor of yogurt. 

Lipases from the yogurt starter culture are especially active against 
short-chain triglycerides. 

The volatile acidity of yogurt can reach 7.Smeqkg-‘, mainly as the 
result of the metabolism of L. delbrueckii subsp. bulgaricus. 

On average, there is an increase in niacin and folic acid during 
fermentation, but the levels of vitamin BI2, thiamine, riboflavin, 
and pantothenic acid decline. 

Miscellaneous 

Source: Adapted from Tamime and Robinson (1999). 
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8.2.2.2.7.4 INHIBITORS OF STARTER ACTIVITY. It is evident that that the 
growth and metabolism of both S. thermophilus and L. delbrueckii 
subsp. hulgaricus are essential for the production of a satisfactory 
yogurt, and hence that any deficiency in starter activity will produce a 
substandard product. Even with the advent of direct-to-vat cultures, 
starter failures can occur, and hence it is worth highlighting the princi- 
pal causes of potential microbiological problems: 

* Although strains of both S. thermophilus and L. delbrueckii subsp. 
bulgaricus are susceptible to infection by host-specific bacterio- 
phages, the presence of phages is not usually as serious as with 
some mesophilic fermentations. This contrast appears to stem 
from the facts that (a) the milk for yogurt-making is severely 
heat-treated compared with that employed for cheese-making, for 
example, so that the number of virus particles present at the time 
of inoculation with the starter culture should be low, and (b) the 
undisturbed yogurt milk coagulates in around 2 h, so that any 
infected cells of S. thermophilus or L. delbrueckii subsp. bulgaricus 
quickly become isolated; as cheese milk is stirred continuously 
during acidification, any bacteriophages released by lysis of 
infected bacterial cells are distributed throughout the vat. Never- 
theless, the risk does exist, and yogurt producers need to maintain 
high standards of hygiene to avoid the buildup of bacteriophages 
in pools of “stagnant” whey. 

- Changes in the activity of a culture (e.g., rate of acid production or 
level of aroma/flavor compounds secreted) can arise as a conse- 
quence of routine subculturing. Exactly why these changes arise is 
not clear, but the gradual emergence of a numerical imbalance 
between S. thermophilus and L. delbrueckii subsp. hulgaricus has 
been cited as one possible cause. 

- The presence of antibiotics or other inhibitory substances in the 
milk is a major cause of poor fermentations in some countries, and 
S. thermophilus is especially sensitive to antibiotics like penicillin, 
streptomycin, neomycin, and amphicillin, which are widely used to 
control mastitis. Levels of contamination as low as 0.004 Interna- 
tional Units (IU) of penicillin G ml-’ can inhibit cell wall develop- 
ment of S. thermophilus (Yamani et al., 1998). Strains of L. 
delbrueckii subsp. bulgaricus tend to be more tolerant (0.02IU of 
penicillin Gml-’), as are cultures of both species growing together. 
However, even when the two organisms are present and under 
optimum conditions, as little as 0.01IU of penicillin G ml-’ can 
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delay fermentation. Sanitizing agents employed to clean a plant, 
such as chlorine (100mg liter-') or iodophors (60mg liter-'), can 
also cause inhibition of the mixed cultures, and hence the screen- 
ing of bulk milk for microbiocidal agents is essential. 

- Although commercial cultures are selected for their performance 
under industrial conditions, incompatibility between strains of 
S. thermophilus and L. delbrueckii subsp. bulgaricus can result in 
an almost complete absence of protoco-operation between the 
species. As a consequence, coagulation times may be increased by 
several hours, and the organoleptic quality of the end product may 
be extremely poor. In practice, this problem should be a very rare 
occurrence, but any attempt by a yogurt-maker to create hidher 
cultures by isolating and blending strains of S. thermophilus and L. 
delbrueckii subsp. bulgaricus from different sources could lead to 
disappointment. 

8.2.2.2.7.5 MICROBIOLOGICAL QUALITY OF THE END PRODUCT. An exami- 
nation of yogurt for contaminant organisms is concerned with (a) pro- 
tection of the consumer from any potentially pathogenic species and 
(b) assurance that the material will not undergo microbial spoilage 
during its anticipated shelf life (Stannard, 1997); these issues are of vital 
importance to any company. 

As far as pathogens are concerned, yogurt with an acidity of around 
10 kg-' lactic acid is a fairly inhospitable medium, and really trouble- 
some pathogens like Salmonella spp. and Listeria monocytogenes will 
be incapable of growth (Hobbs, 1972). A degree of survival of L. mono- 
cytogenes at pH 4.5 in Labneh has been reported (Gohil et al., 1996), 
but the counts declined rapidly within 24h-that is, long before the 
product would have reached the consumer. Schaack and Marth 
(1988a-c) observed that L. monocytogenes was inhibited during a 
yogurt fermentation, but Choi et al. (1988) suggested that the final pH 
of the product was important, as was the precise strain of L. monocy- 
togenes (see also Kerr et al., 1992). 

Coliforms should also be inactivated by the low p H  (Feresu and 
Nyati, 1990); in addition, some species may be susceptible to antibiotics 
released by the starter organisms. The acid-sensitivity of Campylohac- 
ter spp. suggests that this genus will not survive a normal fermentation 
(Cuk et al., 1987); but whether Staphylococcus spp., and in particular 
coagulase-positive strains (Masud et al., 1993), can survive in yogurt is 
a matter of some dispute (Arnott et al., 1974; Alkanahl and Gasim, 
1993). To date there have been no records of staphylococcal food poi- 
soning being associated with the consumption of yogurt in the United 
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Kingdom (Gilbert and Wieneke, 1973; Keceli and Robinson, 1997), and 
Attaie et al. (1987) showed that a virulent strain of S. aureus was inhib- 
ited during fermentations involving either yogurt cultures or L. aci- 
dop hilus . 

However, this general confidence does have to be tempered with 
caution, because a recent report linked an outbreak of Escherichia coli 
0157 with the consumption of yogurt (Morgan et al., 1993), so that it 
should be remembered that low starter activity and/or post-heat- 
treatment contamination can lead to problems even with this tradition- 
ally safe product (Al-Mashhadi et al., 1987; Ibrahim et al., 1987). This 
latter point has been emphasized by studies with some of the so-called 
“emerging pathogens” like Yersinia enterocolitica and Aeromonas 
hydrophila, in which survival in yogurt has been shown to be closely 
correlated with pH (Ahmed et al., 1986; Aytag and Ozbas, 1994a,b); 
the behavior of Bacillus cereus in yogurt will follow a similar 
pattern (Stadhouders and Driessen, 1992). The freak occurrence of 
Clostridium botulinum in hazel-nut yogurt also highlights the need 
for vigilance. 

More significant from the producer’s standpoint is the examination 
for yeasts and molds, because these organisms are capable of spoiling 
yogurt well within an anticipated sell-by date. Yeasts, whether lactose- 
utilizers like K. mizrxianus var. marxianus and K. marxianus var. lactis, 
or more cosmopolitan species, such as Saccharomyces cerevisiae or 
Torulopsis candida (Jordano et al., 1991), are a major concern (Fleet, 
1990; Onggo and Fleet, 1993). In order to avoid in-carton fermenta- 
tion-often manifest by a “doming” of the lid of a carton or collapse 
of the carton (Foschino et al., 1993)-Davis et al. (1971) have suggested 
that yogurt, at the point of sale, should contain less than 100 viable yeast 
cells ml-’. Above 10 x SO2 cellsml-’ would imply a serious risk of 
deterioration, because a yeast population of 70-100 x 10’ cellsml-’ 
and serious gadoff-flavor development can be achieved quite easily 
within a 2 to 3-week shelf life (see also Barnes et al., 1979). 

Molds tend, on the whole, to develop more slowly than the yeasts; 
and although some genera like Aspergillus can form “button-like’’ 
colonies within a coagulum, most fungi require oxygen for growth and 
sporulation (see Jordano and Salmeron, 1990). Hence, molds are 
usually visible only in retail cartons of set yogurt, because the surface 
of stirred yogurt rarely remains undisturbed for any length of time. 
Nevertheless, occasional problems can arise from such genera as 
Mucor, Rhizopus, Aspergillus, Penicillium, or Alternaria, and the 
unsightly superficial growths of mycelium will lead to consumer com- 
plaints (Garcia and Fernandez, 1984). For this reason, a mold count of 
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up to 1Ocfuml-’ of retail product has been rated as “doubtful quality” 
by Davis et al. (1971). 

It has been reported by Jordan0 et al. (1989) that some strains of 
Aspergillus flavus isolated from commercial yogurts were aflatoxigenic; 
but although the sucrose content of fruit yogurt would be sufficient to 
support aflatoxin production (Ahmed et al., 1997), it has not been sug- 
gested that aflatoxin synthesis does occur in yogurt. Occasionally, afla- 
toxin MI has been identified in the milk for yogurt production, but even 
this contamination may, depending on the pH of the product, decline 
during fermentation (Hassanin, 1994). 

Because fruit should be heat-treated prior to use, infections from this 
source should be rare, but airborne spores or yeast cells can prove more 
difficult to control. The unexpected variety of yeast species isolated 
from yogurt by Tilbury et al. (1974) and Suriyarachchi and Fleet (1981) 
can probably be explained by this type of chance contamination, and 
protection of the filling area is a top priority. Regular monitoring of the 
air in the processing area may help to identify the route(s) taken by 
airborne propagules, and the examination of representative samples of 
the end product employing acidified malt agar or Rose Bengal agar 
(Brisdon, 1998), yogurt whey agar (Yamani, 1993), or chloramphenicol 
agar (yeasts) (IDF, 199Oa) can provide a warning of impending 
problems. Some suggested international standards for yogurt and 
the methods proposed for monitoring compliance are reported by IDF 
(1990b,c, 1991a,b, 1998) and APHA (1 992). 

Alternatively, impedance measurements can be employed to deter- 
mine low levels of yeast in yogurt (Shapton and Cooper, 1984: Pet- 
tipher, 1933), and the Direct Epifluorescent Filter Technique (DEFT) 
has been used successfully by McCann et al. (1991). More recently, 
the PetrifilmTM method has been recommended by Vlaemynck (1 994) 
for enumerating yeasts and molds in yoghurt, as has the ISO-GRID 
membrane filtration system in conjunction with YM-11 agar (Entis and 
Lerner, 1996). 

Overall, therefore, it is clear that well-made yogurt should not 
present a manufacturer with many complaints as far as microbiologi- 
cal quality is concerned, although some small producers have yet to 
match the standards of the major suppliers (seeTamime et al., 1987a,b). 

8.2.2.2.8 Conclusion. The quality of yogurt is influenced by a multi- 
tude of factors such as (a) quality and formulation of the milk base, (b) 
processing conditions and plant design, and (c) the role of starter 
cultures (i.e., non-EPS and EPS producer) during the incubation 
period and as cause of post-acidification during storage. Recently, de 
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Brabandere (1999) and de Brabandere and de Baerdmaeker (1999) 
evaluated the process conditions that influenced the pH development 
during the manufacture of yogurt: 

- The solids content of the milk base did not affect the rate of pH 

* Sterilization of the milk base and incubation at optimal tempera- 

- The use of EPS starter cultures yielded different pH profiles 

development. 

ture of the starter organisms enhanced the p H  development. 

against time compared with non-EPS cultures. 

8.2.2.3 Yogurt-Related Products. Different types of fermented 
milk products-for example, strained/concentrated, frozen, or dried 
yogurt-are primarily manufactured from natural stirred yogurt. The 
physical characteristics of these products, as compared with yogurt, are 
completely different, but since their popularity is increasing in certain 
European markets, a brief outline of their production may be relevant. 
The following are recommended for further reading regarding techno- 
logical aspects (Robinson and Tamime, 1993; Bylund, 1995; Tamime and 
Robinson, 1999; Tamime et al., 2001). 

8.2.2.3. I Drinking/Fluid Yogurt. This is really a stirred yogurt with 
low viscosity (i.e., 11 g 10Og-' total solids or lower), and it is usually fla- 
vored with fruit juice andlor synthetic flavoring and coloring com- 
pounds. Depending on the process employed (Bylund, 1995), three 
different types of product may be marketed: 

- Short shelf life: 3 weeks under refrigeration. 
- Medium shelf life: several weeks under refrigeration. 
* Long shelf life: several months at room temperature. 

These groupings depend on the handling of coagulum after fermen- 
tation and, in particular, on the extent of any heat treatment; Figure 8.3 
shows the relationship between the process lines for normal yogurt and 
its fluid variant. 

Although in most cases the milk is fermented with a yogurt starter 
culture, additional cultures can include the following species. Lacto- 
coccus, Acetobucter, Bifidobucteria, and probiotic lactobacilli. 

8.2.2.3.2 ConcentratedBtrained Yogurt and Closely Related Prod- 
ucts. This is manufactured from natural, stirred yogurt or any type of 
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TABLE 8.8. Synonyms for Concentrated Fermented Milk Products in 
Different Countries 

Traditional Names Countries 

Labneh, Labaneh, Lebneh, Labna 
Tan, Than Armenia 
Laban Zeer Egypt, Sudan 
Stragisto, Sakoulas, Tzatziki Greece 
Torba, Suzme Turkey 
Syuzma Russia 
Mastou, Mast Iraq, Iran 
Basa, Zimne, Kiselo, Mleko-Slano 
Ititu Ethiopia 
Greek-style United Kingdom 
Chakka, Shrikhand" India 
Ymer" Denmark 
Skyr" Iceland 

"Products are made with mesophilic lactic acid bacteria, while Shrikhand is made from Chakka 
sweetened with sugar and fortified with cream. 
'The microflora of Skyr consists of yogurt starter culture, L. helveticus and lactose fermenting 
yeast. 
Source: After Tamime and Robinson (1999). Reproduced by courtesy of Woodhead Publishers, 
Cambridge, England. 

Eastern Mediterranean 

Yugoslavia, Bulgaria 

fermented milk, and some typical examples, such as Labneh (Middle 
East), Tan or Than (Armenia), Skyr (Iceland), and Shrikhand (India), 
are shown in Table 8.8. A further range of products, such as Ymer 
(Denmark), is derived from milk incubated with mesophilic lactic acid 
bacteria, while the microflora of Skyr consists of S. thermophilus, L. 
delbrueckii subsp. bulgaricus, and L. helveticus and with some lactose- 
fermenting yeasts (Tamime and Robinson, 1988). Traditionally, most of 
these products were concentrated using the cloth-bag method (Tamime 
and Crawford, 1984), but more recently the process has been mecha- 
nized using one of two available techniques: 

* A nozzle separator is capable of concentrating warm, low-fat, 
natural yogurt to the desired level of solids non-fat, and cream 
is blended in at a later stage to yield a product of around 24g 
1OOg-' total solids and l o g  1OOg-' fat (Tamime and Robinson, 
1988,1999). 

- The membrane filtration of full-fat, natural yogurt is also feasible 
(Tamime et al., 1989a,b), and the process is carried out at 30-50°C 
and with yogurt of pH 4.6 or thereabouts. Preconcentration of the 
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milk prior to fermentation provides an alternative route (El- 
Samragy and Zall, 1988). 

- Product formulation involves recombination of dairy ingredients 
(SMP, AMF, and stabilizer) to the exact chemical composition of 
strained yogurt (Tamime, 1993). The milk is handled and processed 
in a way similar to that of set yogurt. 

8.2.2.3.3 Pasteurized Yogurt. This is heat-treated after fermenta- 
tion, either by conventional means through a heat exchanger or by a 
“heat shock” process (Driessen, 1984). The objective of the procedures 
is to extend the shelf life of the yogurt by inactivating both organisms 
from the original starter culture as well as contaminants, such as 
yeasts and molds. According to Driessen (1984), heat treatment of 
yogurt in a carton at 58°C for 5min is sufficient to inactivate both S. 
thermophilus and L. delbrueckii subsp bulgaricus; with a normal HTST 
process, a treatment of 75-80°C for 15s could be anticipated as giving 
a shelf life of around 3 months (Bylund, 1995; Tamime and Robinson, 
1 999). 

In some countries, these processes are not permitted by law, because 
yogurt must, by definition, contain “abundant and viable” organisms of 
starter origin. However, Waes (1987) has indicated that some strains of 
I,. delbrueckii subsp bulgaricus can survive pasteurization temperatures 
at pH 4.6, so that at least this species could be present at levels in 
excess of 20-70 x 105cfuml-’. Obviously, the use of such strains 
does give a “live” yogurt free from contaminants, but overacidifi- 
cation could still be a problem with respect to shelf life (see Figure 
8.4F,G). 

8.2.2.3.4 Frozen Yogurt. This product resembles ice cream in its 
physical state. Its characteristic is simply described as having the sharp 
and acidic taste of yogurt combined with the refreshing coolness of ice 
cream. Depending how the frozen yogurt is made, the product is clas- 
sified into three main categories: soft, hard, or mousse. According to 
Tamime and Robinson (1999), the process consists of mixing cold, 
natural, stirred yogurt with a fruitkyrup base, stabilizers/emulsifiers, 
and sugar and then freezing the mix in a conventional ice-cream 
freezer. A suggested chemical composition (g 100g-l) for hard frozen 
yogurt consists of fat 2-6, milk SNF 5-14, sugar 8-16, and 
stabilizer/emulsifier 0.2-1 .O. The anticipated percentage of overrun is 
around 70-80, while the pH varies between 4.5 and 6.0, depending on 
consumer preferences in different markets. 
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8.2.2.3.5 Dried Yogurt, Currently, low-fat dried yogurt is produced 
commercially, and the product is stable and utilized as a food 
ingredient. Two-stage drying is employed for the manufacture of 
dried yogurt. The first stage of drying takes place in a spray dryer 
with an integrated fluid-bed dryer, and the second stage involves 
an external fluid-bed dryer where the product is dried to 2g 1OOg-' 
moisture (Tamime, 1993). However, typical survival rates of S. 
thermophilus or L. delbrueckii subsp. bulgaricus in commercially 
made low-fat yogurt are low, and they range between 10 x lo2 and 
10 x 103cfug-1. 

8.3 YEAST-LACTIC FERMENTATIONS 

Although yeast-lactic fermentations of various substrates have been 
recorded in many countries, it is mainly in eastern Europe that milk 
provides the raw material. These alcoholic milk beverages have a 
lactic/sour taste; and depending on the species present in the starter 
culture, the ethanol content could be as high as 2g 100ml-I. The tradi- 
tional products also have a foaming and effervescent characteristic 
as a result of C 0 2  production. The microflora of the starter cultures 
for these products is not well-defined (see Chapter 7 of this volume; 
Zourari and Anifantakis, 1988; Mann, 1988,1989;Thompson et al., 1990; 
Salof-Coste, 1996; Pintado et al., 1996; Rea et al., 1996; Tamime and 
Marshall, 1997; Kuo and Lin, 1999; Lin et al., 1999). Typical examples 
of such beverages are Kefir and related products, Koumiss and 
Acidophilus-yeast milk. These products originated in central Asia 
between the Caucasian mountains and Mongolia. 

8.3.1 Kefir 

The starter cultures is in the form of Kefir grains characterized by irreg- 
ular, folded, and uneven surfaces. The grains may be white or yellow- 
ish in color and have an elastic consistency (Koroleva, 1991). The 
diameter of the kefir grain may range between 1 mm and 6mm or more, 
depending on the extent of agitation during its growth in the milk; 
however, when the grains are recovered from milk and washed with 
water, they are of variable sizes ranging from 0.5 cm to 3.5 cm in diam- 
eter, and they resemble cauliflower florets in shape and color.The exact 
origin of the kefir grains is unknown; but according to legend the kefir 
grains were given to the people living in the Caucasian mountains, 
possibly by the Prophet Mohammed (Koroleva, 1991). 
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8.3.1.1 Microflora of Kefir Grains. As mentioned elsewhere, the 
microflora of the Kefir grains is complex and not always constant, and 
it consists of an undefined mixture of species of bacteria and yeasts 
(IDF, 1997). However,Tamime and Marshall (1997) and Takizawa et al. 
(1998) have reviewed in detail the organisms that have been identified 
in Kefir grains by many researchers in different countries. Figure 8.7 
summarizes the different species of yeast, lactic acid bacteria (pri- 
marily Lactobacillus spp. plus Lactococcus spp., Leuconostoc spp. and 
S. thermophilus), acetic acid bacteria (Acetohacter aceti and rasens), 
molds (Geotrichum candidum), and other bacterial contaminants found 
in the grains. In some countries, A .  aceti and/or A.  rasens and G. can- 
didum are regarded as contaminants, while in other countries they are 
considered desirable (Tamime and Marshall, 1997). 

8.3.1.2 Commercially Developed Kefir Starters. This foamy and 
effervescent drink has always achieved great popularity in eastern 
Europe; but elsewhere, consumption is limited to a minority market 
(Kemp, 1984). Nevertheless, attempts are being made in Canada, 

Geotrichum spp. 
Pediococcus spp. 
Micrococcus spp. 

Saccharomyces spp. Bacillus spp. 
Kluyweromyces spp. Escherichia spp. 
Candida spp. Lactobacillus spp. Enterococcus spp. 
Mycotorula spp. Lactococcus spp. 
Torulopsis spp. S. thermophilus 
cryptococcus spp. Leuconostoc spp. 
Pichia spp. 
Torulaspora spp. 

BACTERIA 

Acetobacter aceti 
rasens 

Figure 8.7. Microflora that have been identified in Kefir grains by many researchers 
[Adapted from Tamime and Marshall (1997) Reproduced by courtesy of Dairy Indus- 
tries International (Tamime et  a1 , 1999d) ] 
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Sweden, and Germany to standardize the product and perhaps widen 
its appeal (Mann, 1985; Duitschaever et al., 1988a,b), and it is notable 
that neither of the proposed processes is traditional. Thus, the German 
system employs a mixed culture (2ml 100ml-' inoculation rate) of Lac- 
tococcus spp., S. thermophilus, and Lactobacillus spp. (L. acidophilus, 
L. brevis, L. delbrueckii subsp. lactis) with a ratio of lactococci: 
lactobacilli of 20: 1; the yeast is Candida kefyr. The Swedish process is 
a three-stage program employing kefir grains, but spread over some 
3 days. However, Vayssier (1978a,b) proposed making Kefir with 
proportions of 

L. lactis subsp. lactis 

L. mesenteroides subsp. mesenteroides or 

Lactobacillus paracasei subsp. alactosus 
Lactobacillus brevislLactobacillus cellobiosus 

subsp. lactis biovar diacetylactis 

subsp. dextranicum 

where the count of each strain is lO*cfug-', and that of Saccharomyces 
florentinus is lo6 cfug-'; acetic acid bacteria was excluded. Koroleva 
(1991), based on years of experience in the former USSR, suggested 
different proportions of microorganisms in the Kefir bulk starter, and 
the counts are 

Lactococcus spp. (lOx-lOy cfuml-') 
Leuconostoc spp. (107-10* cfuml-') 
Thermophilic lactobacilli ( lo5 cfu m1-I) 
Acetic acid bacteria ( 1O5-1Ohcfuml-') 
Yeasts (1OS-IO6cfuml-l) 

However, the so-called "buttermilk plant," which is used domestically 
in Northern Ireland and had its origin in imported Kefir grains, has a 
microbial flora consisting of predominantly Lactobacillus spp., some 
lactococci, S. cerevisiae (lactose-), and Candida kefyr (lactose+) 
(Thompson et al., 1990). 

Most kefir is produced by the conventional process using kefir grains 
as the basic inoculum, and they are composed, as indicated earlier, of 
a mixture of microorganisms held together in a highly organized 
pattern. Thus, the peripheral layers of the granules are dominated by 
various rod-shaped bacteria; but toward the center, yeasts become the 
major component of the microflora. What is not known, however, is 



410 MICROBIOLOGY OF FERMENTED MILKS 

how these units are built up, nor do we know the nature of the rela- 
tionship between the constituent organisms (Bottazzi and Bianchi, 
1980; Duitschaever et al., 1988b). and yet the granules proliferate freely 
in milk with no detectable changes in character (see Figure 8.8). 

The precise, special relationship between the various organisms has 
been examined by Marshall et al. (1984), and it has been suggested that 
the grains are, in fact, highly convoluted sheets with yeasts (Candida 
kefyr) on one side and lactobacilli on the other. As mentioned else- 
where, the species composition of the lactic microflora is still in some 

Figure 8.8. Microorganisms observed at various points within a Kcfr  granule (scan- 
ning elect iron microscope original magnification x 3040). (1 )  Rod-shaped bacteria 
lurining peripheral layer: ( ~ 2 )  and (3) interniediatc zones showing increasing abundance 
o f  yeasts rind decreasing numbers of bacteria; (4) yeasts embedded in matrix of 
microbial origin dominating the central region of the granule. For further details see 
Uottazzi and Bianchi ( 19XO).  (Reproduced by courtesy of Professor V. Bottazzi.) 
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doubt, and it is probable that it varies according to the source of the 
grains. However, it does appear that Lactobacillus kefir is frequently 
present, along with another species that may be responsible for forming 
the matrix of the grain. Thus, la Rivikre et al. (1967) isolated a poly- 
saccharide (kefiran) from kefir grains incorporating Lactobacillus 
brevis, and Marshall et al. (1984) suggest that this material may be com- 
posed of branched chains of glucose and galactose. If this view is 
correct, then it would be reasonable to propose that the L. brevis (or a 
similar species) is responsible for the basic structure of the grain, and 
that the other species become embedded in the growing mass of poly- 
saccharide. It does not explain, however, the apparent spatial separa- 
tion of the yeasts and the lactobacilli, and it is relevant that Olsson 
(1981) has suggested that the supporting matrix may, at least in some 
grains, be secreted by a constituent yeast. It may be, of course, that there 
are, in reality, a number of different types of “grain” and that any one 
of them can give rise to an acceptable end product. Recently, Toba et 
al. (1 990a, 1991b) have isolated a capsular polysaccharide-producing 
Lactobacillus kefiranofaciens K, from Kefir, and the fermented milk 
produced from the isolated strain had a ropy consistency and was resis- 
tant to syneresis (see also Neve, 1992). 

8.3.7.3 Production of Kefir Bulk Starters. Traditionally, the pro- 
duction of Kefir involves the recovery of the grains, and it also involves 
their re-use after washing. Although this method of production retains 
the “typical” characteristics of Kefir, in large-scale operations the 
method has the following limitations: 

* Excessive washing of the grains will ultimately modify the balance 

- The process is somewhat laborious, and the estimated production 
between the microfloras and decrease their activity. 

time of the starter and product is -2 days. 

Over the years, Koroleva (1991) developed a method for the pro- 
duction of starter cultures for Kefir in the former USSR, and Figure 8.9 
illustrates schematically the different manufacturing stages; either 
starter I or I1 could be used. According to Koroleva (1991), both 
starters have been recommended for Kefir production, but starter I1 is 
only used in factories if equipment for separating and washing the Kefir 
grains from the product is not available. It is evident, however, that 
careful handling of the starter culture is important in maintaining the 
appropriate ratio between the various microfloras in the Kefir grains. 
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These requirements have been detailed by Koroleva (1991) and have 
recently been reviewed by Tamime and Marshall (1997). 

Over the past few decades, scientists in different laboratories have 
been developing Kefir starter cultures without using the grain (see the 
review by Tamime and Marshall, 1997). As a consequence, the product 
has lost its typical characteristics-that is, no CO, and with low or zero 
alcohol content. Although such products appear in some countries 
packaged in cartons, they do not easily fall within the category justifi- 
ably described as “traditional” Kefir. Nevertheless, some starter cul- 
tures companies-for example, Rhodia Food UK Ltd. (ie., through 
their subsidiary company Biolacta-Texel in Poland)-have marketed 
freeze-dried Kefir starter cultures for DVI of bulk starter or the 
product. A typical illustration for the production of a bulk starter for 
Kefir is shown in Figure 8.10, and it is safe to conclude that this method 
of processing is used to make a “modern” Kefir. 

8.3.1.4 Method of Manufacture of Kefir. The technology of com- 
mercially made Kefir is shown in Figure 8.11 (see also Ozer and Ozer, 
2000). The raw material for Kefir is usually whole milk, which is 
severely heat-treated (95°C for 5min) to denature the whey proteins. 
The hydrophilic properties of these denatured proteins improves the 
viscosity of the end product, as does the frequently employed process 
of homogenization. A portion of this process milk is also employed 
to prepare the inoculum; and because of the nature of the “starter 
culture,” strict levels of hygiene are essential. 

Thus, the initial stage of culture preparation involves inoculating the 
pretreated milk with the Kefir grains and then incubating the mixture 
at around 23°C. After some 20 h, the grains are sieved out of the milk 
and carefully washed in cold water prior to re-use. The remaining milk 
provides the bulk starter for the commercial-scale fermentation, and it 
is added to the process milk at the rate of 3.5 ml 100ml-’. The final incu- 
bation at 23°C will again last around 20 h, and, after cooling, the Kefir 
is often held for several hours to “ripen.” This latter stage allows for 
maximum stability of the coagulum, and the final packaging stage must 
be designed in such a way that mechanical damage to the product is 
kept to a minimum. Thus, while Kefir is envisaged as a refreshing drink, 
it has a quite distinct viscosity that is regarded by devotees as an essen- 
tial feature of a good-quality product. 

The chemical changes that may take place during fermentation and 
storage of Kefir are shown in Table 8.9 (see also Guzel-Seydim et al., 
2000). Nevertheless, it is safe to conclude that the quality of the product 
is greatly influenced by (a) the origin and microflora of the Kefir grains 
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4. 

D-Culture: 

Bulk" 
Culture 

M-Culture: 

S-D Culture: 

DVI in Milk 
(sachet I50 I - ' )  

Incubate at 2 I-23°C for 18-22 h 

1 

Inoculate Milk 
(sachet 3 I I) 

4 
Incubate at 21 -23OC for 18-20 h 

Inoculate Milk 
(sachet I50 1 ') 

Incubate at 21-23OC for 18-22 h 
Bulk' 

Culture 4. 
Inoculate Milk (3%) and 
Incubate at 21-23OC for 18-22 h 

Kefir" 1 
Figure 8.10. Flow diagram for the production of Kefir from Rhodia-Texel freeze-dried 
cultures. '"0 Kefir grains produced. (Reproduced by courtesy of Rhodia Food UK 
Ltd., Stockport.) 
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Raw milk 

Pre-heating I 65-70'C 1 

90-95"C/5 rnin 

Traditional prepardion of bulk starter 

Heat treatment 

I pkq 
- twice a week 

Washing 

2-3"/0/-12 h 

14-16"C/-12 h 

5-8°C 

I Cold storing I 

-1 0°C 

For Kefir production the next day or the @ day after 

I I @ Starter produced a day or two previously 

Figure 8.11. Processing stages for Kefir production. [Reproduced by courtesy of Tetra 
Pak (Processing Systems Division) AIB, Lund, Sweden.] 
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TABLE 8.9. Gross Chemical Composition (g lOOg-”) 
of Cow’s Milk and Kefir During Storage at -5°C 

Kefir (d)” 

Component Milk 1 2 3 

Moisture 87.4 87.4 87.4 87.4 
Fat 3.4 3.4 3.4 3.4 
Lactose 4.8 3.9 3.4 3.00 
Ash 0.64 0.64 0.64 0.64 
Alcohol - 0.24 0.44 0.72 
Lactic acid 0.14 0.73 1 .08 1.15 

- 0.08 0.12 0.20 co2 
Casein 3.1 2.9 2.8 2.7 
Globulin 0.17 0.14 0.13 0.1 1 
Albumin 0.20 0.13 0.12 0.10 
Peptides N D  0.195 0.386 0.495 

“Days of storage. 
”Not detected. 
‘Not determined. 

Sotrrce: Data complied from Molska (19%). 

1 2  

in the starter culture and (b) the quality and type of raw milk used. 
Recently, Wszolek et al. (2001) have evaluated the quality of Kefir pro- 
duced from cow, goat, and sheep milk (i.e., the fat content was stan- 
dardized to -3g lOOg-’), and they used Kefir grains and two DVI Kefir 
starter cultures. They reported the following observations: 

* Lactic acid bacteria and yeasts were abundant in fresh Kefir, but 
some strains decreased by 1 loglo cycle after 12 days’ storage. 

- The microbial metabolites (e.g., free fatty acids, diacetyl, and 
ethanol) were associated with species of milk used, and the former 
two components were also affected by the storage period. 

* The firmness of Kefir was influenced by the type of milk used 
(sheep > cow > goat); the protein content averaged 6.4,3.3, and 2.9 
g 1OOg-’, respectively. 

- All the sensory attributes (e.g., flavor, odor, texture/mouth-feel, 
and acceptability) were influenced by the species of milk, while the 
storage effect influenced the mouth-feel characters (“serum sepa- 
ration,” “chalky,” “mouth-coating,” and “slimy”). 

Incidentally, the microflora of the Kefir grains and two DVI starter cul- 
tures consisted of the following species: Lactobacillus, Lactococcus, 
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S. thermophilus, and yeast, and only one DVI culture contained Leu- 
conostoc spp. (Wszolek et al., 2001; see also Tamime et al., 1999d). 

8.3.2 Koumiss, Kumiss, Kumys, or Coomys 

Koumiss is a traditional drink of Central Asia, and when it is manu- 
factured from mare's milk the chemical composition (g 1OOg-') is mois- 
ture -90, protein 2.1 (casein 1.2 and whey proteins 0.9), lactose 6.4, fat 
1.8, and ash (Doreau and Boulot, 1989; Doreau et al., 1990; Pagliarini 
et al., 1993; Lozovich, 1995; Ochirkhuyag et al., 2000). Koumiss is also 
known as Airag, Arrag, Chige, or Chigo in Mongolia and China. The 
name of this fermented milk is probably derived from a tribe, the 
Kumanes, who inhibited the area along the Kumane or Kuma River 
in the Asiatic Steppes, but it may be of Tartar origin (Tamime and 
Marshall, 1997). 

The overall characteristics of the product prepared from mare's milk 
are as follows: 

- It is a beverage where the milk does not coagulate; however, the 
thermal sensitivity of mare's milk proteins has been studied by 
Bonomi et al. (1994). 

- It is milky gray in color, light, and fizzy, and it has a sharp alcoholic 
and acidic taste. 

- The main metabolites after fermentation are lactic acid, ethanol, 
and up to 0.9ml 100ml-' carbon dioxide (see Table 8.10). 

8.3.2.1 Microflora of Koumiss. The microflora of Koumiss is not 
well-defined, but it consists mainly of lactobacilli (L.  delbrueckii subsp. 

TABLE 8.10. Classification of Koumiss" Based on the 
Extent of Fermentation 

Acidity Alcohol 
Flavor (Yo) ( O/O 1 

Medium 0.73-0.90 1.1-1.8 (1 5 )  
Strong 0.91-1.08 1.8-2.5 (3.0) 

Weak 0.54-0.72 0.7-1.0 (1.0)' 

"A typical Koumiss may have viable cell counts of 5.0 x 
107cfuml-' (bacteria) and 1.43 x 107cfumlF' (yeast). 
"Data in parentheses are from Lozovich (1995). 

Source: After Berlin (1962). 



418 MICROBIOLOGY OF FERMENTED MILKS 

bulgaricus and L. acidophilus), lactose-fermenting yeasts (Saccha- 
ronzyces spp. and Torula kounziss), non-lactose-fermenting yeast 
(Saccharornyces cavtilaginosus), and a non-carbohydrate-fermenting 
yeast ( M j m d e r r n a  spp.) (Koroleva, 1991; Oberman and Libudzisz, 
1998). However, Lactococcus spp. have been found in Mongolian 
Koumiss, but their presence in the starter culture in some countries may 
not be desirable because the fast acid development inhibits the growth 
of yeasts (Koroleva, 1991). 

Developments in starter cultures for Koumiss, which include differ- 
ent blends of lactic acid bacteria and yeasts, have been reported by 
many researchers (Koroleva, 1993 ; Aguirre and Collins, 1993; Oberman 
and Libudzisz, 1998), and it is evident that these developments have 
been carried out to meet the demands of industrial-scale production 
of Koumiss from cow's milk. In another study, Montanari et al. (1996) 
and Montanari and Grazia (1997) screened 94 samples of traditional 
Koumiss in Kazakhstan, and they identified Saccharomyces ~inisporus 
(galactose-fermenting yeast) as the principal microorganism responsi- 
ble for the alcoholic fermentation of the product. Incidentally, the yeast 
is a non-lactose-fermenting organism, and it gives rise to a slower 
and less clean alcoholic fermentation than S. cerevisiae because it pro- 
duces a wider range of metabolites, such as glycerol, succinic acid, and 
acetic acid (Montanari and Grazia, 1997). 

Recently. Ishii et al. (1997) have identified the lactic acid bacteria 
and yeasts from Chigo (ie., Koumiss made from mare's milk in inner 
Mongolia and China) which were obtained from local markets. A total 
of 43 strains of lactic acid bacteria were identified in the samples (e.g., 
Lactobucilliis rhamnosus, Lactobacillus paracasei subsp. paracasei and 
subsp. tulerans, and Lactobacillus curvatus), and the overall counts 
ranged between 1.5 x lo7 and 1.7 x lO'cfuml-'. In addition, 20 strains 
of yeasts (i.e., lactose-fermenting) were identified, and these included 
Kluyverornyces marxianus subsp. lactis and Candida kefyr; the counts 
ranged between 3.9 x 10' and 8.0 x 10hcfuml-'. The alcohol concentra- 
tions in the products were 0.5-2.178 100ml-I. 

8.3.2.2 Production Systems. The traditional method of produc- 
tion takes place in smoked horse's hides known as tursuks or burduks, 
which contain the microflora from the previous season (Tamime and 
Marshall, 1997). These containers are filled with unheated mare's milk, 
and as the Koumiss is consumed, more milk is added to provide an on- 
going fermentation. 

In the 1960s, the commercial production of Koumiss developed using 
L. delbrueckii subsp. bulgaricus and Torula spp. to produce a bulk 
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starter culture in skimmed cow's milk. Then, the starter culture was 
used to inoculate mare's milk at a rate up to 30ml 100ml-', followed 
by bottling, incubation at 18-20°C for 2h, and finally storage at 5°C 
(Berlin, 1962). 

A typical commercial method for the production of Koumiss is based 
on skimmed cow's milk with added sucrose (2.Sg 100g-').The milk base 
is then heated to 90°C for 2-3min7 cooled to 28"C, inoculated with 
starter culture (-10ml 100mlP), stirred for 1S-20min7 and incubated 
at 26°C for 5-6h or until the acidity reaches -0.9g 10Og-' lactic acid. 
Tamime and Marshall (1997) have reviewed other production systems 
using different milk bases, including the following: 

- Recombined milk using whole, skimmed, and whey powders. 
* Blends of five parts cow's milk with eight parts of UF  rennet whey 

- Cow's milk blended with clarified whey at a ratio 1 : 1. 
(i.e., twofold concentration of the protein). 

8.3.3 Miscellaneous Products 

Products such as Acidophilus-yeast milk, Acidophiline, and/or 
Acidophilin have been developed in the former USSR for the treat- 
ment of certain intestinal disorders. Little is known regarding the tech- 
nology of these fermented milk beverages; for further details refer to 
Eller (1971), Koroleva (1991), and Tamime and Marshall (1997). 

Although the Icelandic product Skyr may be considered within the 
yeast-lactic group of fermentation products because the starter culture 
contains yeast, the product has been discussed in Section 8.2.2.3.2 
because the technology of production is similar to strained yoghurt or 
Quarg. 

8.4 MOLD-LACTIC FERMENTATIONS 

Apart from the distinctive, mold-ripened cheeses, there are few dairy 
products that deliberately include a mold in the microflora. An excep- 
tion to this rule, however, is the Finnish product, Viili, for which the 
starter culture includes L. luctis subsp. luctis biovar diucyteluctis and 
L. rnesenteroides subsp. crernoris, together with the mold G. cundidum. 
This product has a distinctive taste, aroma, and appearance. Accord- 
ing to Laukkanen et al. (1988) the different types of Viili are as 
follows: 
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- Low-fat (-2.5 g 10Og-') Viili, known as Kevytviili 
* Whole-fat (3.9g 10Og-') Viili 
- Cream Viili, which contains 12g 100g-' fat 

The original product is natural, and the fruit-flavored and sweetened 
fermented milk is known as Marjaviili (Tamime and Robinson, 1988; 
Tamime and Marshall, 1997). 

The fat standardized milk base is heated to 83°C for 20-25min 
(or possibly 90-95°C for a few minutes as in yogurt-making) without 
homogenization, cooled to 2 0 T ,  and inoculated with 3-4ml 100ml-' 
starter culture consisting of lactococci, leuconostocs, and the mould 
(see above). The processed milk is then packaged into retail con- 
tainers, incubated for -24h until the acidity reaches 0.9ml 100ml-' 
lactic acid and finally cooled. Because the milk base was not homoge- 
nized, the fat and mold spores rise to the surface during the incubation 
period. As a consequence, the mold grows on the surface of the milk 
to give rise to the velvet-like appearance of the product. Thus, the 
natural Viili consists of two layers (i.e., the coagulated milk and a cream 
layer plus the mold growth); the Marjaviili consists of three layers in 
that the added fruit is at the bottom of the cup. 

According to Marshall (1986) and Tamime and Marshall (1997) the 
overall characteristics of Viili are as follows: 

- The product is mildly sour, aromatic in taste, and stretchy, and it 
can be cut easily with a spoon. 

- The flavor of Viili is similar to other types of buttermilk 
product, but with a slightly musty aroma that is attributed to 
G. candidum. 

- The mold layer on the surface of the product may be advantageous 
in preventing the growth of spoilage microorganisms. 

The Lactococcus strains used in Viili production produce EPS, and 
the ropy material forms a network attaching the bacterial cells to the 
protein matrix (see Nakajima and Toyoda, 1995). However, the slime 
filaments in Viili are more compact or thicker when compared with the 
microstructure of yogurt (see Figure 8.6), which could be due to dif- 
ferences in the chemical composition of the EPS (Toba et al., 1990b, 
1991a). The yogurt starter cultures tend to produce EPS with phos- 
phopolysaccharide components, while the Lactococcus spp. of Viili 
produce EPS made up of polysaccharide and protein (Toba et al., 
1990b; see also Nakajima et al., 1990; ZhenNai et al., 1999; Oba et al., 
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1999a,b). However, plasmid profiles of lactococcus strains from Viili 
and other Nordic fermented milks have been reported by Forskn et al. 
(1985,1989), Kontusaari and Forskn (1988), and Neve et al. (1988). 

Although this brief review has covered the major types of fermented 
milk, numerous variations can be found around the world. Many of 
these products are manufactured on a basis of limited microbiological 
knowledge; and it is fortuitous that although no two products can ever 
be handled/monitored in exactly the same way, the general principles 
remain immutable. The intelligent application of basic techniques can, 
therefore, go a long way toward avoiding serious problems in relation 
to starter production and/or microbial contamination and spoilage of 
the end products. 
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9.1 INTRODUCTION 

Fermented milks and dairy products containing beneficial or “pro- 
biotic” cultures, such as lactobacilli and bifidobacteria, are currently 
among the best-known examples of functional foods in Europe. Such 
probiotic-containing dairy foods are associated with a range of health 
claims, including alleviation of symptoms of lactose intolerance and 
treatment of diarrhea to cancer suppression and reduction of blood 
cholesterol. Milk and dairy products provide the ideal food system 
for the delivery of these beneficial bacteria to the human gut, given the 
suitable environment that milk and certain dairy products including 
yogurt and cheese provide to promote growth and/or support viability 
of these cultures. Although the value of lactic acid bacteria (LAB) in 
food fermentations has been recognized for centuries, development of 
the probiotic idea is attributed to Elie Metchnikoff, who observed that 
the consumption of fermented milks could reverse putrefactive effects 
of the gut microflora (Metchnikoff, 1907). At this time, Henri Tissier 
also suggested that bifidobacteria could be administered to children 
with diarrhea to help restore the gut microflora balance (Tissier, 1906). 

~~ 
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From these beginnings, the probiotic concept has progressed consider- 
ably and is now the focus of much research attention worldwide. Sig- 
nificant advances have been made in the selection and characterization 
of specific cultures and substantiation of health claims relating to their 
consumption. Consequently, the area of probiotics has advanced from 
anecdotal reports, with scientific evidence now accumulating to back 
up nutritional and therapeutic properties of certain strains. Today, 
the majority of research and commercial attention given to probiotic 
microoganisms focuses on members of the bacterial genera Lactobacil- 
lus and Bifididobacteriurn, with the result that an expanding portfolio 
of probiotic fermented dairy products containing some of these strains 
is available to the consumer. 

This review will examine the morphological and biochemical charac- 
teristics of microorganisms with alleged therapeutic properties, includ- 
ing lactobacilli, bifidobacteria, and enterococci. The health claims 
and evidence for beneficial effects of selected strains, safety issues (e.g., 
risks from employing antibiotic-resistant cultures such as Enterococcus 
,faeciurn), and the possible role of functional nutrients added to “bio- 
milks” (i.e., prebiotics) will be reviewed. Developments in fermented 
milk products containing probiotic bacteria will also be discussed. 

9.2 PROBIOTIC MICROORGANISMS ASSOCIATED WITH 
THERAPEUTIC PROPERTIES 

The term “probiotic,” meaning “for life,” originated to describe sub- 
stances produced by one microorganism which stimulate the growth of 
others (Lilly and Stillwell, 1965). Since that time, various definitions 
have been proposed to describe these bacteria (Havenaar and Huis in’t 
Veld, 1992; Guarner and Schaafsma, 1998; Ouwehand and Salminen, 
1998; Salminen et al., 1999). The most recent one defines probiotics 
as “microbial cell preparations or components of microbial cells 
that have a beneficial effect on health and well being of the host’ 
(Salminen et al., 1999). This definition takes into account the fact that 
probiotics need not necessarily be viable and that their effects are 
not restricted to effects on the intestinal microflora. Prior to this, at an 
international meeting of the Lactic Acid Bacteria Industrial Platform 
(LABIP) probiotics were described by a consensus definition as “living 
microorganisms, which, upon ingestion in certain numbers, exert health 
benefits beyond inherent basic nutrition” (Guarner and Schaafsma, 
1998). The most recent consensus requires that probiotics are live and 
are capable of surviving passage through the digestive tract and have 
the capability to proliferate in the gut (FAO/WHO, 2001), where they 
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have been redefined as “live micro-organisms which when adminis- 
tered in adequate amounts confer a health benefit on the host”. 

Lactobacillus and Bijidobacterium are the principal bacterial genera 
central to both probiotic and prebiotic (nondigestible food ingredients 
that stimulate the growth and/or activity of certain colonic bacteria) 
approaches to dietary modulation of the intestinal microflora (Table 
9.1).This is possibly due to (a) the association of these bacterial groups 
with human health, (b) their presence in fermented foods, and (c) the 
fact that they possess generally regarded as safe (GRAS) status and are 
thus often included in food products. However, microorganisms other 
than the traditional LAB, such as propionibacteria, Leuconostoc, pedio- 
cocci, and enterococci, have also received attention as candidate probi- 
otic cultures (Table 9.1). Probiotic preparations may contain one or 
several different microbial strains or species. Enterococci, although not 
GRAS organisms, have been used as probiotics (Giraffa et al., 1997) 
(Table 9.1), and so this genus will be discussed along with bifidobacteria 
and lactobacilli as one with probiotic potential, although it has recenly 
been recommended that enterococci not be used as a probiotic for 
human use (FAO/WHO, 2001). While bifidobacteria, lactobacilli, and 
enterococci are all members of the Gram-positive eubacteria (Prescott 
et al., 1990), lactobacilli and enterococci are part of the true LAB group 
within the low G + C group, whereas bifidobacteria are members of the 
high G + C or actinomycete group (Kandler and Weiss, 1989), and, as 
such, both groups are phylogenetically unrelated. Therefore, bifidobac- 
teria are not strictly LAB, but can be considered part of this group, given 
the fact that they have similar morphological and biochemical proper- 
ties and because they are inhabitants of the gastrointestinal tract (GIT) 

TABLE 9.1. Microorganisms Used as Probiotics 

Lactobacilli Bifidobacteria Enterococci Others 

L. acidophilus B. bifididum E. faecium 
L. plantarum B. infantis E. faecalis 
L. casei B. adolescentis 
L. rhamnosus B. longurn 
L. delbrueckii B. breve 

L.  fermentum B. lactis 
L.  johnsonii 

spp. bulguricus 

L. gasseri 
L.  salivarius 
L. reuteri 

Saccharomyces boulardii 
Lactococcus lactis ~ p p .  cremoris 
Lactococcus lactis spp. lactis 
Leuconostoc mesenteroides 
Propionibacterium freudenreichii 

Pediococcus acidilactici 
Streptococcus salivarius spp. 

thermophilus 
Escherichia coli 

Source: Adapted from Goldin (1998) and Holzhapfel et al. (1998). 
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(Klein et al., 1998). The following section will discuss the physiological 
and taxonomic characteristics of lactobacilli, bifidobacteria, and ente- 
rococci at the genus level. 

9.2.1 Lactobacillus 

The genus Lactobacillus is a large heterogenous group of microorgan- 
isms, currently comprising 54 recognized species and some subspecies 
(Tannock, 1999), that are ubiquitous in the environment, occupying 
niches varying from plant surfaces to the GIT of many animals. Mor- 
phologically, they are Gram-positive nonmotile rods, often found in 
pairs or chains, ranging from coccobacilli to long slender rods (Kandler 
and Weiss, 1989). Morphology depends on the strain or species, and 
also on factors such as age of the culture and growth medium, but is 
not as varied as that of bifidobacteria. Lactobacilli lack catalase and 
cytochromes and are usually microaerophilic, with growth improved 
under anaerobic conditions (Kandler and Weiss, 1989). They have a 
strictly fermentative metabolism, and they convert glucose solely or 
partly to lactic acid. In this respect, they can be classified as either 
homofermentative (producing predominantly lactic acid) or heterofer- 
mentative (producing carbon dioxide, ethanol, and/or acetic acid in 
addition to lactic acid) (Prescott et al., 1990). Lactobacilli are extremely 
fastidious, having complex nutritional requirements for many organic 
substrates, which must therefore be provided in order to achieve op- 
timal growth (Hammes and Vogel, 1995). With respect to growth tem- 
perature, the optimum is usually within the mesophilic range of 30- 
40°C. However, some strains are capable of growth below 15°C and 
some at temperatures up to 55°C. In addition, lactobacilli are aciduric, 
with an optimum pH for growth of 5.5-6.2 (Kandler and Weiss, 1989; 
Hammes and Vogel, 199.5). Differentiation of species within the 
Lactohac-illiw genus does not now depend as much on physiological 
criteria, such as carbohydrate fermentation, as on molecular charac- 
terization. Therefore, like many other genera, the Lactohacillus genus 
is currently undergoing change (Hammes and Vogel, 1995). 

9.2.2 Bifidobacterium 

Since first described in 1899 as a microorganism predominant in the 
stools of breast-fed infants (Tissier, lS99), the taxonomy of bifidobac- 
teria has been continuously changed. They were assigned to the genera 
Bncihs .  Bacreroides, Tissieria, Nocurdin, Lactobacillus, Actinomyces, 
Rrrctcriiirn. and Corynehacteriunz (Poupard et a]., 1973), before being 
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recognized as a separate genus in 1974. Members of the genus Bifido- 
bacterium are generally characterized as Gram-positive, non-spore- 
forming, nonmotile and catalase-negative (Scardovi, 1989). They are 
predominantly strict anaerobes, although some species and strains may 
tolerate oxygen in the presence of carbon dioxide (Modler et al., 1990). 
Morphologically, the variation and pleomorphism that exist within 
the genus Bifidobacterium are demonstrated by their description in 
Bergey ’s Manual of Systematic Bacteriology. Here they are described 
as “short, regular, thin cells with pointed ends, coccoidal regular cells, 
long cells with slight bends or protuberances or with a large variety of 
branchings; pointed, slightly bifurcated club-shaped or spatulated 
extremities; single or in chains of many elements; in star-like clusters 
or disposed in ‘V’ or ‘palisade’ arrangements” (Scardovi, 1989). In addi- 
tion, morphology may depend not only on the strain or species, but also 
on cultural conditions used. 

Bifidobacteria characteristically ferment hexoses by the fructose-6- 
phosphate or “bifid” shunt, due to the presence of the enzyme fructose- 
6-phosphate phosphoketolase, which can be used as a distinguishing 
feature of bifidobacteria (Poupard et al., 1973; Modler et al., 1990). Fer- 
mentation of glucose by means of this pathway yields acetic and lactic 
acids in a theoretical 3:2 molar ratio, although in practice this exact 
ratio may not be achieved (Scardovi, 1989). The optimum growth 
temperature for bifidobacteria is 37-41 “C, with 2528°C and 4345°C 
reported as minimum and maximum growth temperatures, respectively 
(Scardovi, 1989). Given that they have a pH optimum near neutrality 
(6.5-7.0) and that no growth occurs at pH values less than 4.5 or greater 
than 8.5 (Scardovi, 1989), bifidobacteria are less acid tolerant than 
lactobacilli. Nutritionally, different types of bifidobacteria have been 
described, but in general their requirements are less complex than 
those of lactobacilli (Poupard et al., 1973). However, in some cases, 
bifidobacteria do require specific factors (bifidogenic factors) for opti- 
mal growth (Modler et al., 1990). Within the genus Bifidobacterium, 31 
species have been described to date (Tannock, 1999), whereas in the 
most recent edition of Bergey ’s Manual only 24 are outlined (Scardovi, 
1989). This reflects the ongoing examination of the genus, along with 
the consequences of applying more modern molecular methods, as is 
the case with the Lactobacillus group. 

9.2.3 Enterococcus 

Although bifidobacteria and lactobacilli are most commonly used as 
probiotics, some species of enterococci have also found applications 
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as health-promoting cultures (Table 9.1). In this respect, it is predomi- 
nantly E. faecium and E. faecalis which have been used as probiotics 
(Klein et al., 1998). However, enterococci in general are not recognized 
as GRAS organisms and there is some concern over their potential 
pathogenicity (Giraffa et al., 1997), which will be discussed in greater 
detail below. Although enterococci were first described in 1899 by 
Thiercelin, Enterococcus as a genus was not introduced until 1984 
(Schleifer and Kilpper-Balz, 1984) and today it contains 19 species 
(Franz et al., 1999). All members of the genus Enterococcus are Gram- 
positive, non-spore-forming, catalase-negative facultative anaerobes 
(Mundt, 1989; Murray, 1990). Morphologically, they appear as spheri- 
cal or ovoid cocci in pairs or short chains (Mundt, 1989) and in this 
respect, do not display as much morphological variability as lactobacilli 
or bifidobacteria. Enterococci are robust micro-organisms, possessing 
phenotypic characteristics, such as the ability to grow at 10°C and 45°C 
in 6.5% NaCl and at pH 9.6, and they can survive heating to 60°C for 
30min; these properties are used to differentiate enterococci from 
other Gram-positive catalase-negative cocci (Mundt, 1989; Franz et al., 
1999). However, atypical enterococci have been described which do not 
possess these properties, while members of other genera may satisfy 
these criteria, making phenotypic identification of members of the 
genus Enterococcus difficult (Franz et al., 1999). This has therefore led 
to the development of molecular methods for identification of entero- 
cocci to the strain and species level (Descheemaeker et al., 1997). Ente- 
rococci are considered homofermentative with respect to glucose 
metabolism, although some amounts of formic and lactic acids may be 
produced in some media in addition to lactic acid (Mundt, 1989; Garg 
and Mital, 1991). As is the case with other LAB, enterococci are nutri- 
tionally fastidious microorganisms, requiring B vitamins, certain amino 
acids, and purine and pyrimidine bases for optimal growth (Garg and 
Mital, 1991). 

9.3 CRITERIA ASSOCIATED WITH 
PROBIOTIC MICROORGANISMS 

Many criteria have been proposed by different researchers as being 
desirable for potential probiotic cultures (Havenaar and Huis in’t Veld, 
1992; Lee and Salminen, 1995; Collins et al., 1998; Salminen et al., 1998), 
including the ability to survive intestinal passage and proliferate and/or 
colonize the GIT (Figure 9.1). However, in practice the properties of 
probiotic microorganisms are dependent on the host for which pro- 
biotic administration is intended, the anatomical site within the host 
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Figure 9.1. Electron micrograph of probiotic lactobacilli adhering to human intestinal 
epithelial cells. (Electron microscopy courtesy of M. Heapes and W. Reville, E. M. Unit, 
University College, Cork.) 

toward which the probiotic is directed, and the desired effect at that 
site. The terminology currently in use to define probiotics together 
with the criteria commonly listed as desirable for probiotic cultures 
(Salminen et al., 1998) reflect the fact that the GIT is the principal focus 
of probiotic applications. However, probiotic cultures may find appli- 
cation at sites other than the GIT, such as the respiratory or urogeni- 
tal tracts, although research on these applications is not as advanced 
(Havenaar and Huis in’t Veld, 1992; Sanders, 1993). Furthermore, 
although this review focuses on probiotics for human use, health- 
promoting cultures can also be employed for animal use (Fuller, 1999). 
In addition, within the human population, probiotic cultures may either 
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TABLE 9.2. Characteristics Desirable for Probiotic Microorganisms 

1. 
2. 
3. 
4. 
5. 
6. 
7. 

8. 
9. 

10. 
11. 
12. 

Survival in the environmental conditions in the intended host 
Proliferation and/or coloniLation under host environmental conditions 
Survival in association with the host immune system and noninflammatory 
Immunostimulatory for the mucosal immune system 
Production of antimicrobial substances 
Antagonism against cariogenic and pathogenic bacteria 
Safety tested; nonpathogenic, nontoxic, nonallergic, nonmutagenic, or anticarcinogenic, 
even in immunocompromised hosts 
Genetically stable, no plasmid transfer 
Technologically suitable for process applications 
Desirable metabolic activity and antibiotic resistance/sensitivity 
Desirable health effects 
Potential for delivery of recombinant proteins and peptides 

Solrrce: Adapted from Collins ct al. (1998). Salminen et al. (1998), and Havenaar and Huis in’t 
Veld (1992). 

be targeted toward specific groups or recommended for general use 
(Conway, 1996). 

A general set of criteria desirable for probiotic microorganisms, 
regardless of the intended host or site of application, has been 
compiled (Table 9.2). In vitro tests based on these selection criteria, 
although not a definite means of strain selection, may provide useful 
initial information. In addition, well-characterized and validated model 
systems such as the TNO model and the simulator of the human intesti- 
nal microbial ecosystem (SHIME), which aim to mimic complex phy- 
siological and physicochemical in vivo reactions, may also be of value in 
strain selection, being less expensive than human trials and not having 
the associated ethical drawbacks (Molly et al., 1994; Huis in’t Veld and 
Shortt, 1996). However, ultimate proof of probiotic effects requires 
validation in well-designed statistically sound clinical trials, as recom- 
mended by the LABIP workshop (Guarner and Schaafsma, 1998). 
Furthermore, it is important that the probiotic properties are retained 
during in vitro experimentation under laboratory conditions and also 
during subsequent processing and storage (Conway, 1996). However, 
suitability for technological applications is only one of the many crite- 
ria listed as desirable for probiotic cultures (Table 9.2). 

On the other hand, it is neither feasible nor absolutely necessary that 
a strain intended for probiotic use should fulfill every requirement 
listed. Furthermore, given that the exact mode of action of probiotic 
cultures is, for the most part, unknown and, even if elucidated, is un- 
likely to be identical for all cultures, it is difficult to make generaliza- 
tions regarding selection of probiotic cultures. It is more likely that 
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a particular culture will have a specific health effect in the host, and, in 
this respect, each culture should be judged on its own merit (Mattila- 
Sandholm et al., 1999). Indeed, in a study in which Bifidobacterium 
strains were isolated and characterized for potential probiotic use, no 
one strain was found to possess all desirable characteristics (Gomez 
Zavaglia et al., 1998). Perhaps if a broad range of effects is desired, a 
number of strains may be administered in combination to achieve 
this (Huis in’t Veld and Shortt, 1996). An approach to the selection of 
strains for probiotic use, suggested by Salminen et al. (1996a), is to first 
elucidate the properties of successful probiotic strains and from this to 
draw up a set of criteria under which to assess strains intended for 
future probiotic use. Furthermore, perhaps strains that are persistent 
within the gut microflora, such as the Lactobacillus and Bifidobacte- 
rium isolates previously identified by others (McCartney et al., 1996; 
Kimura et al., 1997), may provide a starting point in the search for new 
probiotic strains. 

9.4 SAFETY ISSUES ASSOCIATED WITH USE OF 
PROBIOTIC CULTURES FOR HUMANS 

It is crucial that probiotic cultures are safe for human use, with rec- 
ommendations that this criterion be fulfilled even in immunocom- 
promised hosts. A scheme that has been proposed by Donohue and 
Salminen (1996) for safety assessment of probiotic cultures is outlined 
in Table 9.3. Tools that may be employed in such assessment include 
in vitro studies of strain properties, pharmacokinetic studies, animal 

TABLE 9.3. Scheme for Safety Assessment of Probiotic Cultures 

Type of Property Studied Safety Factor to Be Assessed 

Intrinsic strain properties 

Metabolic products 
Toxicity 

Infective properties 
Dose-response effects 
Clinical assessment 

Epidemiological studies 

Adhesion factors, antibiotic resistance, plasmid transfer, 

Concentrations, safety, and other effects 
Acute and subacute effects of ingestion of large 

In vitro with cell lincs; in vivo with animal models 
Oral administration in volunteers 
Potential for side effects and disease-specific effects; 

nutritional studies 
Surveillance of large populations following 

introduction of new strains and products 

enzyme profile 

amounts of culture 

Source: Adapted from Donohue and Salminen (1996) and Salminen et al. (1996b). 
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studies, use of intestinal models, human studies, and epidemiological 
surveillance (Donohue and Salminen, 1996; Salminen and Marteau, 
1998). Each strain needs to be tested separately, with special attention 
given to genetically modified microorganisms (Mattila-Sandholm et al., 
1999). Using the approaches outlined above, many probiotic cultures 
have undergone safety testing; and with the exception of the examples 
outlined below, there is no evidence to show that infections have been 
caused by probiotic bacteria (Donohue and Salminen, 1996: Adams, 
1999). 

The majority of microorganisms employed as probiotics are LAB 
(Table 9.1) which, with the exception of enterococci, have GRAS status. 
LAB are ubiquitous in the environment, part of the indigenous com- 
mensal microflora and have a long history of safe use in the produc- 
tion of fermented foods (Donohue and Salminen, 1996: Adams, 1997). 
Evidence has recently emerged to suggest a role for LAB as oppor- 
tunistic pa thogens associated with human clinical infections, such as 
endocarditis and urinary tract infections (Aguirre and Collins, 1993; 
Adams and Marteau, 1995). However, clinical conditions implicat- 
ing LAB are relatively rare and to date have only been observed 
in immunocompromised individuals or patients with underlying dis- 
ease conditions (Aguirre and Collins, 1993; Adams and Marteau, 1995; 
Adams, 1999). Furthermore, no case of infection has been observed in 
people exposed to high LAB concentrations in the workplace, nor has 
any case been linked to consumption of fermented foods, probiotics, or 
drugs containing LAB (van der Kamp, 1996; Adams, 1997). 

A LABIP workshop organized to discuss the safety of LAB recog- 
nized the facts outlined above, although enterococci were considered 
an exception, due to their more frequent involvement in nosocomial 
infections, ability to acquire antibiotic resistance genes, and possession 
of potential virulence factors (Jett et al., 1994; Adams and Marteau, 
1995: Franz et al., 1999). Of particular concern is the emergence of ente- 
rococci with resistance to vancomycin, because this is one of the last 
effective antibiotics for the treatment of multi-drug-resistant pathogens 
(Giraffa et al., 1997; Franz et al., 1999). These potential hazards are 
worthy of consideration, given that E. faecium and E. fuecalis strains 
are often added to probiotic foods or pharmaceutical preparations. 
However, the source of enterococci involved in human clinical infec- 
tion is usually attributed to the patient’s own microflora, and it is 
not clear whether vancomycin-resistant enterococci are transferred 
through the food chain (Adams, 1997; Franz et al., 1999). Nevertheless, 
the LABIP safety workshop concluded that if enterococci are to be 
used intentionally, this must be undertaken in the knowledge of the 
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observations outlined above and that there should be “demonstrable 
positive effects” (van der Kamp, 1996). Perhaps the benefits of entero- 
coccal probiotic strains such as E. faecium PR88 or SF68, which have 
been successfully used in the treatment of irritable bowel syndrome 
and diarrhea, respectively (Allen et al., 1996; Franz et al., 1996), may 
outweigh any associated risks. 

While this discussion has focused on the safety of LAB as probiotics, 
other microorganisms may also be used as probiotics and are perhaps 
a greater cause for concern. For example, caution should be exercised 
in the case of Saccharomyces spp., considering that infections have been 
reported in some individuals taking Saccharomyces boulardii supple- 
ments, although patients often had underlying conditions (Pletincx 
et al., 1995). Furthermore, a recent case of recurrent septicaemia in an 
immunocompromised patient was shown to be due to Bacillus subtilis 
strains identical to those found in a probiotic preparation taken by 
the patient prior to illness (Oggioni et al., 1998). Indeed, Oggioni et al. 
(1998) conclude that “high numbers of viable microorganisms should 
not be given to any patient with severe immunodeficiency.” On the 
other hand, these patients may benefit most from probiotic therapy. 
Although some studies have shown probiotic cultures to be safe and 
well-tolerated in groups such as HIV patients (Wolf et al., 1998), the 
unlimited use of probiotics may have undesirable side effects in these 
“at-risk” subgroups (Guarner and Schaasfsma, 1998). 

Given that 143 clinical trials, involving 7526 subjects have been con- 
ducted with probiotic LAB in the last 40 years, without adverse effects 
(Naidu et al., 1999), many probiotic cultures can be considered to have 
a proven record of safe use. Nevertheless, continued monitoring is 
essential, and possible risks that have been identified include micro- 
bial invasion, deleterious metabolic activities, adjuvant side effects, 
and gene transfer (Huis in’t Veld et al., 1994). Furthermore, although 
expensive and time-consuming, novel probiotic strains do require 
safety evaluation. 

9.5 BENEFICIAL HEALTH EFFECTS OF 
P R 0 BIOTIC C U LT U R E S 

The potential clinical applications of probiotic bacteria are many and 
varied; and while some are based only on anecdotal reports and poorly 
controlled studies, others have been well-substantiated with scienti- 
fic evidence (Table 9.4). Between 1961 and 1998, 143 probiotic trials 
involving 7526 human subjects were performed, with many different 
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TABLE 9.4. Health Effects Attributed to 
Consumption of Probiotic Cultures 

Well-substantiated effects 
Alleviation of lactose maldigestion 
Preventionitreatment of infections 
Reduction of serum cholesterol 
Chemopreventative effects 
Modulation of the immune system 

Potentiul iJ,ficts 
Treatmentiprevention of inflammatory bowel disease 
Alleviation of constipation 
Improvement of dermatitis 
Liver disease therapy 

microbial strains and species used either therapeutically or prophylac- 
tically in the treatment of various illnesses and physiological disorders 
(Naidu et al., 3 999). This review will focus on the specific health targets 
for which most scientific evidence exists, including alleviation of lactose 
maldigestion, treatment of cancer, reduction of infection, reduced 
serum cholesterol, and enhanced immune system (Table 9.4). In dis- 
cussing these, emphasis will be placed on evidence that has accumu- 
lated from recent human clinical studies. 

9.5.1 Alleviation of Lactose Maldigestion 

Lactose maldigestion, due to insufficient amounts or activity of lactase 
in the human gut, affects up to 70% of the world’s population, caus- 
ing varying degrees of abdominal discomfort (Scrimshaw and Murray, 
1988). The role of probiotics in alleviation of these symptoms is 
considered an established and well-substantiated beneficial effect 
(Table 9.4) (Huis in’t Veld et al., 1994; Guarner and Schaasfsma, 1998). 
However, although certain LAB have yielded positive results in the 
treatment of lactose maldigestion, there is more evidence of a bene- 
ficial effect for yogurt bacteria than for cultures chosen for their pro- 
biotic properties (Sanders, 1993), even though yogurt bacteria may not 
survive well during gastric transit. Undoubtedly, humans can utilize the 
lactose in yogurt more efficiently than lactose in milk (Kolars et al., 
1984). This may be due to the existence of preformed P-galactosidase 
in the yogurt which reaches the GIT in an active form or due to the 
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presence of viable bacteria in the yogurt which produce the enzyme in 
vivo (Marteau et al., 1997). The latter mechanism is validated by the 
fact that heat-inactivated bacteria exert a lesser effect than viable cul- 
tures (Gilliland and Kim, 1984; Savaiano et al., 1984). However, micro- 
bial lactase may not be the only reason why lactose is better digested 
in yogurt than in milk. The oro-cecal transit time of yogurt is longer 
than that of milk, thus allowing more effective breakdown of lactose; 
furthermore, lactose-deficient individuals can adapt to lactose on re- 
gular consumption of lactose-containing foods (Jiang and Savaiano, 
1997). 

Conflicting results have been obtained as to whether or not specific 
Lactobacillus and Bijidobacteriurn strains can ameliorate the symptoms 
of lactose maldigestion. The end point most commonly measured is 
breath hydrogen, which is an indication of sugar fermentation in 
the colon. In lactose maldigestors, lactose reaches the colon undigested 
where hydrolysis by bacteria takes place, leading to an increase in 
the level of breath hydrogen (Marteau et al., 1997). While some studies 
in humans have shown that ingested L. acidophilus cultures result in 
a reduction in breath hydrogen following lactose consumption (Kim 
and Gilliland, 1983; Mustapha et al., 1997), others have demonstrated 
little or no effect with these or B. bifidum cultures (Lin et al., 1991; 
Hove et al., 1994; Saltzman et al., 1999). There is, however, strain 
variability with respect to the demonstration of positive effects, but 
conflicting opinions exist regarding strain properties important for 
the exertion of effects in lactose maldigesters. Some highlight the 
importance of P-galactosidase activity and bile sensitivity in strain 
selection (Lin et al., 1991), while others, having found no correlation 
between P-galactosidase activity and lactose digestion in vivo, recom- 
mend bile and acid tolerance as important criteria (Mustapha et al., 
1997). A study by Lin et al. (1998) found nonfermented milk contain- 
ing L. bulgaricus to be more effective in the alleviation of lactose 
maldigestion than the same milk containing L. acidophilus, although 
both cultures were similar in their P-galactosidase activity, lactose- 
transporting capability, and bile tolerance. Following ingestion, a B. 
longurn strain offered potential in the reduction of symptoms due to 
lactose maldi-gestion (Jiang et al., 1996), warranting further research 
on the use of Bifidobacteriurn cultures. Overall, although certain LAB, 
especially yogurt starter cultures, undoubtedly show efficacy in the 
alleviation of lactose malabsorption symptoms, it is difficult to draw 
conclusions regarding the effectiveness of probiotic cultures in the 
treatment of this disorder. 
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9.5.2 Preventionrrreatment of Infections 

Despite dramatic improvements in medical care and the development 
of new chemotherapeutic agents for pathogen inhibition, infectious dis- 
eases remain a significant health problem. While antibiotics have saved 
countless lives worldwide, there is considerable concern over their use, 
given the increasing incidence of microbial antibiotic resistance (Neu, 
1992; Bengmark, 1998). Because administration of probiotic microor- 
ganisms offers potential in the prevention and/or treatment of certain 
intestinal and urogenital infections (Table 9.4), these cultures may be 
useful as alternatives to antibiotic therapy. Many authors have recently 
advocated the use of oral bacteriotherapy for the treatment and/or pre- 
vention of such infections (Reid, 1996; Zoppi, 1997; Bengmark, 1998; 
Reid et al., 1998); in fact, the World Health Organization (WHO) has 
recommended the reconsideration of microbial interference therapy 
for infection control (Bengmark, 1998). Certain probiotic strains have 
been shown to prevent pathogen attachment and invasion in cell 
culture, to inhibit the growth of enteropathogens in vitro (Gibson and 
Wang, 1994; Drago et al., 1997), and to enhance the immune response. 
Considering this, there is at least the possibility that the use of probi- 
otics may decrease reliance on antimicrobials. Proposed mechanisms 
by which probiotic cultures may act in infection control have been sug- 
gested by Fooks et al. (1999) and include competition for nutrients, 
secretion of antimicrobial substances, reduction of pH, blocking of 
adhesion sites, attenuation of virulence, blocking of toxin receptor sites, 
immune stimulation, and suppression of toxin production. Some human 
studies that demonstrate the potential use of probiotics as therapeutic 
or prophylactic agents for intestinal infections are outlined below. 
However, as with other health effects of probiotics, further research is 
needed to determine efficacy in studies with sufficient subjects, proper 
controls, and statistical analysis of results. 

In humans, diarrhea can result from infection by a number of bac- 
terial or viral agents and in some cases the etiology is unknown (Gibson 
et al., 1997). Worldwide, many adults are incapacitated by diarrhea and 
many children die as a result of diarrhea-related illnesses, especially in 
developing countries (Goldin, 1998). In the United States alone, 21- 
37 million diarrheal episodes occur in 16.5 million children annually 
(Glass et al., 1991), with rotavirus the most common agent of infantile 
gastroenteritis worldwide. One of the most extensively researched pro- 
biotics, Lactobacillus GG, has been shown to be effective in the treat- 
ment of acute viral diarrhea in children, most cases of which were 
caused by rotavirus, with an associated increase in immunity (Isolauri 
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et al., 1991). This reduction in the duration of rotavirus diarrhea has 
been observed repeatedly on treatment with Lactobacillus GG (Kaila 
et al., 1992; 1995; Guarino et al., 1997). Other probiotic strains such as 
L. casei Shirota, B. bifidum and S. thermophilus have also been shown 
to be effective in both the treatment and prevention of rotavirus diar- 
rhea in children (Saavedra et al., 1994; Sugita and Togawa, 1994). 
Furthermore, Lactobacillus GG was efficacious in promoting recovery 
from watery diarrhea in children in developing countries, which was 
either of unidentified aetiology (Raza et al., 1995) or caused by Sal- 
monella, Shigella, E. coli, and rotavirus (Pant et al., 1996). Interestingly, 
in both of these studies no effect was seen on bloody diarrhea. In a 
recent study by Oberhelman et al. (1999), Lactobacillus GG had an 
effective prophylactic effect in diarrhea prevention in children in devel- 
oping countries, but the effect was limited to non-breast-fed children. 
An uncontrolled study by Hotta et al. (1987) indicated that a strain of 
B. breve administered orally might have potential in the treatment of 
diarrhea in children and thus warrants further research. 

Antibiotic-associated diarrhea (AAD) is a major clinical problem 
that occurs following antibiotic use, the most serious form of which is 
pseudomembranous colitis. Diarrhea is caused by pathogen overgrowth 
due to a microflora imbalance; in 20% of cases, the etiological agent is 
Clostridium dificile, an opportunistic pathogen that is especially per- 
sistent and difficult to treat (Lewis and Freedman, 1998). Surprisingly, 
antibiotics are the treatment of choice for pseudomembranous colitis 
or other AAD (Corthier, 1997), but relapse often occurs and it is per- 
haps in these cases that probiotic therapy may be especially useful. 
For instance, Lactobacillus GG has been used successfully in the treat- 
ment of colitis, with a concomitant reduction in fecal endotoxin titres 
and where relapse occurred further probiotic treatment was effective 
(Gorbach et al., 1987; Biller et al., 1995). Oral therapy with Lacto- 
bacillus GG was also effective in the prevention of AAD (Siitonen 
et al., 1990), as were a number of other probiotic microorganisms in- 
cluding S. boulardii (McFarland et al., 1995), B. longum (Colombel et 
al., 1987), and E. faecium SF68 (Wunderlich et al., 1989). However, 
studies by Aronsson et al. (1987) and Lewis et al. (1998) which showed 
the absence of any effect of administration of either L. acidophilus or 
S. boulardii, respectively, on the treatment of AAD highlight the impor- 
tance of proper culture evaluation in clinical trials. 

Traveler’s diarrhea is a form of diarrhea of unknown etiology which 
is estimated to occur in 20-50% of travelers to foreign, often devel- 
oping, countries (Saxelin, 1997). Although usually self-limiting, an 
effective method of prevention and/or treatment is desirable. Again 
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Lactobacillus GG has been shown to have a positive effect in traveler’s 
diarrhea (Hilton et al., 1997). However, a study conducted by Oksanen 
et al. (1990) showed no significant difference in the incidence of diar- 
rhea among travelers to Turkey when the entire study group was 
assessed as a whole. Nevertheless, in one holiday destination within the 
country, Lactobacillus GG was found to be an effective prophylactic 
treatment, probably due to the occurrence of different diarrheagenic 
pathogens at that location. Black et al. (1989) showed a combination 
of B. b i f id im,  S. thermophilus, L. delbrueckii spp. bulgaricus, and L. aci- 
dophihis to have efficacy in the prevention of traveler’s diarrhea. On 
the other hand, many studies have shown no effect of probiotic treat- 
ment (Clements et al., 1981; Lewis and Freedman, 1998). 

Probiotic therapy also shows potential in the treatment of infections 
of the upper GIT, such as those caused by Helicobacterpylori. H. pylon‘ 
is now known to be an important etiological agent in peptic ulcers and 
has an involvement in gastric cancer (Lambert and Hull, 1996). Studies 
have demonstrated the in vitro inhibition of this pathogen by L. 
acidophilus (Bhatia et al., 1989) and also by other LAB (Midolo et al., 
1995). The latter study showed that H. pylori inhibition was strain- 
dependent and correlated with lactic acid concentrations produced by 
the LAB. Lactic acid production was also shown to be an important 
means of suppression of H. pylori in a gnotobiotic murine model of 
disease (Aiba et al.. 1998). However, conflicting results from human 
studies make it difficult to conclude whether or not probiotic cultures 
are capable of inhibiting H. pylori colonization of the gastric mucosa 
in vivo (Michetti et al., 1995; Bazzoli et al., 1992). 

9.5.3 Reduction of Serum Cholesterol 

Hypercholesterolaemia has been identified as a risk factor for cardio- 
vascular disease, and ingestion of probiotic bacteria has been proposed 
as one means of attaining a reduction in blood cholesterol levels (Table 
9.4). However, the role played by LAB in reducing blood cholesterol 
remains a controversial point, with no clear evidence that such an effect 
exists. The mechanism by which LAB may reduce cholesterol is cur- 
rently unclear. Because Gilliland et al. (1985) observed that certain L. 
ncidophilus strains can decrease cholesterol concentrations in growth 
medium, many cultures have been tested in  vitro for their cholesterol 
assimilating ability (Walker and Gilliland, 1993; Buck and Gilliland, 
1994; Taranto et al., 1998). However, Klaver and van der Meer (1993) 
later proposed that bacterial uptake of cholesterol did not occur, but 
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rather that a co-precipitation of cholesterol with deconjugated bile salts 
was the reason for the observed cholesterol reduction. Another pos- 
sible mechanism that has been suggested is that deconjugation of bile 
salts in the upper small intestine by ingested probiotics with bile salt 
hydrolase (BSH) activity lowers cholesterol levels by decreasing the 
digestibility of lipids and increasing bile salt elimination in the feces 
(De Smet et al., 1998; Vesa et al., 1998). Thus the presence of BSH 
has been suggested as a desirable property in bacteria intended for 
cholesterol-lowering uses, and many studies have involved in vitro 
assay for the presence of this enzyme in bacteria (De Smet et al., 1994; 
Grill et al., 1995; Corzo and Gilliland, 1999). However, the products of 
BSH activity may have possible detrimental effects in the host, and con- 
sideration should be given as to whether or not this enzyme activity is 
a desirable property in probiotic bacteria (Vesa et al., 1998). In general, 
although strategies have been proposed for the selection of bacteria 
intended to have a hypocholesterolaemic effect (Gilliland and Walker, 
1990), the value of in vitro measurement of cholesterol assimilation and 
BSH activity is questionable. 

Initial human studies focused on the possible hypocholesterolaemic 
effect of yogurt and other fermented milks. Early studies that demon- 
strated a reduction in serum cholesterol have been criticized due to the 
administration of very high doses of fermented dairy products and the 
lack of control groups (Mann and Spoerry, 1974; Mann, 1977). Some 
human studies have indicated no significant reduction in blood 
cholesterol levels as a result of yogurt consumption (Rossouw et al., 
1981;Thompson et al., 1982). While positive effects have been obtained 
in some cases (Hepner et al., 1979; Howard and Marks, 1979), this is 
often transient (Jaspers et al., 1984). Initial reductions in blood lipids 
observed at the beginning of intervention studies have been suggested 
to be due to changes in dietary and other lifestyle habits that are 
difficult to control (Taylor and Williams, 1998). Therefore, a baseline 
or “run-in” period is recommended but not often included in 
studies. 

These initial studies, while indicating the potential for fermented 
milks in cholesterol reduction, did not identify the particular cultures 
used. More recent studies have employed defined cultures adminis- 
tered either in dairy products or as pharmaceutical preparations. Posi- 
tive results have been obtained with an E. faecium strain in one human 
study (Agerbaek et al., 1995). However, other trials conducted using 
the same culture failed to show a cholesterol-lowering effect (Sessions 
et al., 1997); or where there was an effect, it was not sustained and was 
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also observed in the control group (Richelsen et al., 1996). Similarly, 
the hypocholesterolemic effect observed by Anderson and Gilliland 
(1999) due to L. acidophilus consumption was not a persistent one, 
demonstrating the need for continuous culture consumption in order 
to appreciate such an effect. Due to intra-individual variation in blood 
cholesterol observed over time and the variation which occurs in cho- 
lesterol analysis (Taylor and Williams, 1998), a large sample size is 
needed if small changes in blood cholesterol are to be detected in 
human studies. The usual requirements for human trials (double-blind, 
placebo-controlled, statistical analyses) also apply. Interestingly, one of 
the only studies that has been conducted with a large number of sub- 
jects (334), which was double-blind and controlled, showed no effect of 
administration of a commercial preparation of L. acidophilus and L. 
hulgaricro on blood cholesterol (Lin et al., 1989). Overall, studies in 
humans have yielded mixed results with no clear cholesterol-lowering 
benefit observed due to probiotic consumption; furthermore, the exact 
mechanism by which probiotic cultures may exert such an effect 
remains unclear. 

9.5.4 Chemopreventative Effects 

Epidemiological studies, such as those conducted by van’t Veer et al. 
(1989) which have indicated that fermented milk intake may have a 
protective effect against carcinogenesis, suggest a potential anti-cancer 
effect for LAB. Given that the colonic microflora-in particular, bac- 
teroides, eubacteria, and clostridia-are thought to be involved in car- 
cinogenic processes, it is considered that increasing the proportion of 
LAB in the gut may have beneficial effects in the prevention of cancer 
(Rowland, 1996). Indeed, there is evidence to suggest that individuals 
with a high risk of colon cancer harbor lower levels of lactobacilli 
(Saxelin, 1997). On the contrary, an analysis of the intestinal microflora 
of individuals considered to have a high risk of colon cancer suggested 
that Bificlohacterium was associated with an increased risk of this dis- 
ease (Moore and Moore, 1995). Nevertheless, observations exist con- 
cerning the protective effects of certain LAB against carcinogenesis. 
However, although much research concerning the use of LAB in cancer 
therapy has been conducted in vitro and with animal models, limited 
studies have been conducted in humans due to the associated economic 
and practical difficulties. 

Because DNA damage is considered to be an early event in the 
process of carcinogenesis, in vitro studies demonstrating the antimuta- 
genic effects of certain cultures may be of significance (Pool-Zobel 
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et al., 1993; Nadathur et al., 1994). In vivo decreases in DNA damage 
and genotoxic injury have also been observed in animal models (Pool- 
Zobel et al., 1996). In addition, selected LAB have the ability to bind 
or degrade mutagens (Zhang and Ohato, 1991; Orrhage et al., 1994), 
and Lactohacillus consumption has been associated with a decrease in 
the mutagenicity of feces and urine caused by fried meat consumption 
(Lidbeck et al., 1992; Hayatsu and Hayatsu, 1993). A further possible 
mechanism by which probiotics may exert anti-carcinogenic activity 
involves suppression of members of the microflora with enzyme 
activities capable of converting pro-carcinogens to carcinogens. Such 
enzymes include P-glucuronidase, nitroreductase, and azoreductase, 
and there is evidence from human studies that LAB can decrease fecal 
levels of these compounds (Goldin and Gorbach, 1984; Ling et al., 
1994). Some studies, however, have shown little or no effect of culture 
administration, perhaps due to strain differences (Marteau et al., 1990). 
Moreover, the exact involvement of these enzymes in the etiology of 
cancer is unclear, and the biological significance of such findings is 
unknown (Sanders, 1993). Beneficial effects of LAB in cancer therapy 
may be associated with their immunostimulatory properties, which will 
be discussed below. It has been proposed that probiotics may influence 
tumor development through their ability to modulate immune para- 
meters (Ouwehand et al., 1999b). 

Apart from the indirect evidence outlined above, there are numer- 
ous reports of the anti-carcinogenic effects of LAB from in vivo exper- 
iments conducted in animal models. Although the method of testing 
cultures in such models is often by intraperitoneal or intravenous injec- 
tion, this cannot be related to oral consumption, and this discussion will 
outline only those studies where dietary supplementation with LAB 
was investigated. In this respect, LAB administration has been shown 
to reduce the incidence of chemically induced aberrant crypt foci (pre- 
neoplastic lesions) in the colon (Kulkarni and Reddy, 1994; Rao et al., 
1999). Prebiotic substances, including fructooligosaccharides (FOS) 
such as neosugar, have also been shown to have potential in this area 
(Koo and Rao, 1991), and in some cases the combined influence of 
pro- and prebiotics was more effective than that of either component 
administered alone (Rowland et al., 1998). Furthermore, B. longum has 
been shown to prevent the induction of colon, liver, and mammary 
tumors by the cooked food carcinogen IQ (Reddy and Rivenson, 1993). 
Many other studies that have demonstrated the anti-tumor activity of 
oral probiotic administration in animal models have been summarized 
recently (Naidu et al., 1999; Reddy, 1999) and suggest a role for certain 
LAB in the prevention of cancer. 
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The value of animal experimentation for assessment of the anti- 
cancer effects of probiotics is questionable, especially because it has not 
been correlated with the human system. However, few direct clinical 
studies have been undertaken in humans. Biasco et al. (1991) demon- 
strated that consumption of LAB for 3 months by colon cancer patients 
significantly reduced cell division in colonic crypts, which is considered 
a pre-neoplastic phenomenon. Studies by Okawa et al. (1989, 1993) 
have shown that consumption of a L. casei strain may have an adjuvant 
effect in cancer therapy. In this respect, enhanced tumor regression and 
prolonged survival during radiation therapy was observed. In addition, 
studies concerning the effect of probiotics in bladder cancer preven- 
tion in humans have shown promising results (Aso and Akaza. 1992; 
Aso et al., 1995). At the present time, there is much indirect evidence 
for the anti-cancer effects of probiotic consumption and human studies 
to assess the potential of probiotic cultures for use in cancer therapy 
are required. 

9.5.5 Modulation of the Immune System 

The immune system consists of a complex series of interlinked mech- 
anisms, which function in protection against infections and uncontrol- 
lably growing tumor cells. Possible stimulation of an immune response 
by probiotic bacteria may therefore explain potential therapeutic and 
prophylactic applications of such cultures in the treatment of infections 
and carcinogenesis. While the immune system appears to ignore or 
otherwise tolerate most intestinal microbes, the normal commensal gut 
microflora plays an important role in modulation of host mucosal 
defenses, as demonstrated by comparison of immune function in germ- 
free and conventional animals (Collins et al., 1996; Blum et al., 1999; 
McCracken and Gaskins, 1999). Consequently, there is much interest in 
modulation of this microflora through either probiotic or prebiotic 
administration in order to strengthen the gut mucosal barrier and 
augment the immune response, two protective mechanisms which are 
related (Brassart and Schiffrin, 1997). 

Although the mechanism by which probiotic bacteria stimulate the 
immune system is not fully understood, it has been suggested that 
effects may be mediated through interaction with specialized lymphoid 
aggregates of the gut-associated lymphoid tissue (GALT) (Marteau 
and Ranibaud, 1993; Famularo et al., 1997). Peyer’s patches, part of the 
GALT system present at intervals in the GI wall, are covered by spe- 
cialized epithelial cells (M cells) that facilitate antigen uptake. The 
immunostimulatory activity of LAB has been attributed to bacterial 
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cell wall constituents, and perhaps the most probable explanation as to 
how these substances come into contact with the host immune system 
is via these antigen-sampling areas of the GIT. Indeed, it has been 
shown in mice that the barrier effect demonstrated by some probiotic 
strains can be induced by activated immunocompetent cells of the 
GALT (Perdigon et al., 1990). It has also been suggested that micro- 
organisms capable of adhering to gut mucosal surfaces are more effec- 
tive in immune stimulation (Gill, 1998; Ouwehand et al., 1999a), and 
this may account for strain variation in this respect (Paubert-Braquet 
et al., 1995; Nagafuchi et al., 1999). On the other hand, it has been sug- 
gested that such variation may perhaps be due to structural differences 
in the cell wall composition of strains (Gill, 1998). Furthermore, there 
is controversy concerning whether or not culture viability is neces- 
sary for immune stimulation. In some cases, only live bacteria have 
enhanced host defenses (De Simone et al., 1987, 1988; Muscettola et 
al., 1994; Kaila et al., 1995), whereas in other cases an effect was seen 
only with dead bacteria (Namba et al., 1981). Regardless of the mecha- 
nisms involved or the criteria necessary for exertion of an effect, pro- 
biotic cultures have been shown to stimulate both nonspecific (innate) 
and specific (adaptive) immunity. Evidence of these effects has accu- 
mulated from in vitro, animal, and human studies, some of which will 
be outlined below. 

The first line of defense of the mammalian immune system is the 
nonspecific immune response, involving cellular effectors that include 
mononuclear phagocytes, polymorphonuclear leucocytes, and natural 
killer (NK) cells. Animal studies have shown an enhancement of non- 
specific immunity, including increased macrophage activity and NK 
activity in mice injected intraperitoneally with lactobacilli (Sato et al., 
1988; Kato et al., 1994). Oral administration of LAB has also been 
shown to increase macrophage phagocytosis in mice and to enhance 
NK cell activity of mouse spleen cells against tumor cells (Perdigon et 
al., 1986,1988; Gill, 1998). Furthermore, the magnitude of the response 
has also been shown to be dose-dependent, with mice receiving 1O"cfu 
of LAB per day showing significantly greater phagocytic activity than 
mice receiving 10' or lo7 LAB per day (Gill, 1998). Similar dose effects 
have been observed in humans, with 10' but not 108cfu/day of Lacto- 
bacillus johnsonii La1 enhancing both phagocytic and respiratory burst 
activities (Donnet-Hughes et al., 1999). Furthermore, studies have 
shown that, at least in very high doses, ingested yogurt bacteria can 
stimulate the level of NK cells and interferon (IFN)-y in human vol- 
unteers (De Simone et al., 1986). Similarly, further human trials have 
demonstrated increased phagocytic activity of peripheral blood leuco- 
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cytes on LAB consumption (Schiffrin et al., 1995, 1997). However, 
while administration of Lactobacillus salivarius UCC 118 has been 
shown not to affect macrophage phagocytic activity, granulocyte phago- 
cytic activity was significantly increased in subjects consuming the pro- 
biotic strain in yogurt as opposed to unfermented milk (Dunne et al., 
1999). Such an effect has been seen previously-that is, that lactic cul- 
tures delivered in fermented milk products induce a superior immune 
response compared to cultures delivered in unfermented products 
(Gill, 1998). 

Several studies employing experimental animals and humans have 
demonstrated the immunostimulatory effects of LAB on both humoral 
and cell-mediated immune responses of the specific immune system. 
Perdigon et al. (1990) showed that oral administration of certain LAB 
increased immunoglobulins in the intestinal fluid and that only pre- 
treated mice had increased secretion of Salmonella-specific antibodies 
when subsequently challenged with Salmonella. Other studies have also 
suggested an oral adjuvant effect for some LAB strains. For example, 
T-cell proliferative responses to Candida albicans antigens in mice 
co-infected with C. albicans and Lactobacillus GG or B. animalis were 
stronger than in mice infected with C. albicans alone (Wagner et al., 
1997). In addition, the administration of yogurt or yogurt supplemented 
with LAB enhanced mucosal and systemic responses to both cholera 
toxin and salmonellae (De Simone et al., 1987, 1988; Tejada-Simon et 
al., 1999). LAB administration in animal studies has also been shown 
to induce the production of IFN-a, -p, and -y (Kitazawa et al., 1992; 
Muscettola et al., 1994). Interestingly, a recent study has shown that B. 
lactis Bb12 administered to lactating mice enhances IgA production not 
only in the intestine but also in milk (Fukushima et al., 1999). While 
animal studies are useful in the evaluation of immunostimulatory 
properties of LAB, ultimately studies in humans are required. While 
it is not possible to induce infection in humans from an ethical point 
of view, studies have shown an immune adjuvant effect of probiotic 
consumption in both healthy and vaccinated individuals and subjects 
with preexisting infections. For instance, a human trial conducted by 
Link-Amster et al. ( 1994) involved consumption of probiotic strains in 
combination with attenuated Salmonella typhi to mimic an enteropath- 
ogenic infection. It was found that the titer of specific serum IgA to S. 
typhi in the test group was significantly higher than that in the control 
group. Furthermore, Lactobacillus G G  promotes recovery of children 
with rotavirus diarrhea, possibly through increases in serum IgA titers 
to rotavirus (Kaila et al., 1992, 1995); in fact, this strain has been used 
effectively as an adjuvant to rotavirus vaccine (Isolauri et al., 1995). 
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Interestingly, a study by Fukushima et al. (1998) has shown BiJido- 
bacterium consumption to increase fecal levels of total IgA and 
anti-poliovirus IgA in healthy subjects. Other studies in humans 
have demonstrated that probiotic consumption can influence immune 
parameters such as IgA specific to the probiotic strain administered 
(Dunne et al., 1999) and IFN-)I production (Solis Pereyra and 
Lemonnier, 1993). 

When considering the use of probiotic cultures for immunostimula- 
tory purposes, possible adverse effects of such immune modulation 
should be considered. This is of particular relevance in individuals 
with inflammatory diseases (such as inflammatory bowel disease 
(IBD), rheumatoid arthritis, and autoimmune diseases) as well as in 
individuals with food allergy, where the microflora itself has been impli- 
cated in pathogenesis (Collins et al., 1996). However, it has been 
suggested that, depending on the disease state and immune status 
of an individual, up-regulation of the immune response occurs 
when required, with down-regulation alleviating exaggerated immune 
responses during infection and hypersensitivity (Pelto et al., 1998; 
Salminen et al., 1998). 

9.5.6 Other Health Benefits of Probiotics 

Other potential or less-substantiated health effects of probiotic cultures 
are listed in Table 9.4 and include treatment/prevention of disorders 
such as IBD (Dunne et al., 1999; Madsen et al., 1999; Shanahan, 2000), 
constipation (Motta et al., 1991), liver disease (Adawi et al., 1997), and 
dermatitis (Majamaa and Isolauri, 1997). Given the range of health 
benefits attributed to probiotic consumption, it is unlikely that each 
strain will act in the same way. In general, health effects are related to 
microflora modification and strengthening of the gut mucosal barrier 
(Salminen et al., 1996b). In addition, the metabolic activities of pro- 
biotic cultures, either in the preparation of fermented foods or in the 
digestive tract, may lead to nutritional benefits such as an increase in 
the production or bioavailability of certain vitamins and minerals or an 
improvement in the digestibility of protein (Friend and Shahani, 1984; 
Fernandes et al., 1992). Some of the health benefits attributed to pro- 
biotic cultures are strain-dependent, stressing the importance of probi- 
otic strain selection and highlighting the fact that claims made for one 
probiotic culture cannot necessarily be applied to another. There is a 
need to select probiotic strains on the basis of their functional attrib- 
utes; based on this, a particular culture or mix of cultures should be 
chosen for certain health effects. 
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9.6 EFFECTIVE DAILY INTAKE OF PROBIOTICS 

A daily intake of 1Oh-1OYcfu has been recommended as the minimum 
effective dose for probiotics (Lee and Salminen, 1995), but this has not 
been validated by scientific studies. In general, high levels of daily con- 
sumption are preferred, and there is some evidence to support this. 
For example, dose-response studies conducted with Lactobacillus GG 
demonstrated that when administered in either freeze-dried powder or 
gelatine capsules, the minimum dose required to yield fecal recovery 
was IO“’cfu/day (Saxelin et al., 1991; 1995), with lower doses (10‘- 
10Xcfu/day) found not to be effective. On the other hand, the intake 
required to yield fecal recovery was 10-fold lower (109cfu/day) when 
the strain was administered in either fermented milk or enterocoated 
tablets, highlighting the importance of the delivery system (Saxelin et 
al., 1993). However, the use of fecal recovery as a measurable end point 
in such dose-response studies has been questioned. A recent study 
by Donnet-Hughes et al. (1999) has addressed this by determining 
the minimum effective dose of L. johnsonii La1 required for immune 
modulation. Findings showed that although fecal recovery was found 
in all subjects consuming the culture, 10ycfu/day elicited immune 
effects, whereas a lower dose of 1O’cfu did not. Taken together, these 
studies illustrate the difficulties involved in defining a general minimum 
effective dose for all probiotic cultures, given that variations occur 
depending on the particular strain or delivery system used. Further- 
more, there is the question of whether or not probiotic cultures must 
be viable in order to exert health benefits (Salminen et al., 1999). 

9.7 PROBIOTIC DAIRY PRODUCTS 

Because of their associated health benefits, food and pharmaceutical 
companies have an interest in exploiting probiotic cultures as an oppor- 
tunity for product development. The addition of probiotic cultures or 
prebiotic substances to food products can be seen as fortification with 
biologically active components and, as such, leads to the development 
of “functional foods,” which are described as “foods claimed to have a 
positive effect on health.” Indeed, one of the most active areas within 
the functional foods sector, from the point of view of both research and 
commercial development, is that of probiotics (Stanton et al., 2001). 
Consequently, a variety of food products and supplements contain- 
ing viable microorganisms with probiotic properties are commercially 
available (Table 9.S), and many more are in the process of evaluation 
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TABLE 9.5. Some Examples of Commercially Available Therapeutic Milk Products 
and Their Health Claims 

Product Health Claim 

Actimel 

Yakult 
Actimel Cholesterol 

Control 
BIO Aloe Vera 
Biotic Plus 

Oligofructose 

Daily FIT 

Fyos 

Fysiq 

Jour aprks Jour 

PROAC 

Silhouette Plus 

ProCult 3 

“Reinforces your natural resistance. . . your daily dose of 

“A healthy start to  every day” 
“Helps, if taken regularly as part of a healthy and varied diet, 

“Feeds and hydrates in a very self-evident way: from inside out” 
“Promotes the natural balance of the gut flora and thus your 

health . . . oligofructose stimulates the body’s own positive 
bacteria and increases (as dietary fiber) the activity and 
purification of the gut” 

“A valuable contribution to  fitness and health. . . positive 
action on the gut f lora . .  . stimulates natural resistance” 

“Promotes a healthy gut balance . . . take care of your whole 
health” 

“Contributes to a healthy cholesterol level . . . this effect is 
strengthened by the presence of a dietary fiber” 

“To help maintain your vitality.. . the bifidogenic fibers 
promote the development of the bifidobacteria (‘good’ 
bacteria in our body) and contribute to the balance and 
good functioning of the organism” 

“A valuable contribution t o  your health . . . cleans the gut in 
a natural way and stimulates the required natural activity 
of the organic cells” 

“The soluble bifidogenic fibers help to preserve and reestablish 
the balance of the digestive flora” 

“A positive influence on the gut flora. . . additionally supported 
by the nutritious substance inulin” 

natural protection” 

to reduce you cholesterol values” 

Sowce:  Adapted from Coussement (1997) 

(Tamime et al., 1995; Holzhapfel et al., 1998). There is, however, some 
skepticism in scientific circles regarding the quality and efficacy of pro- 
biotic products. This is probably due, in part, to the findings of studies 
which have shown that some probiotic products contain neither the 
number nor the type of cultures stated on the label (Iwana et al., 1993; 
Hamilton-Miller et al., 1996; Micanel et al., 1997; Hamilton-Miller et 
al., 1999). Nevertheless, the probiotic food industry is flourishing, with 
the European probiotic yogurt market alone currently estimated to be 
worth around 2520 million (Shortt, 1998). In many European countries, 
most notably France and Germany, the market is expanding with the 
result that probiotic yogurts now account for over 10% of all yogurts 
sold in Europe (Stanton et al., 2001), 
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Current recommendations are that probiotic microorganisms should 
be viable in food products, although there is some debate regarding the 
necessity for this (Ouwehand and Salminen, 1998). Indeed, the use of 
nonviable microorganisms would have many advantages with regard to 
product development, and it could allow the expanded use of probi- 
otics in developing countries where it may not be possible to meet strict 
handling conditions (Ouwehand and Salminen, 1998). Despite this, 
the emphasis is still on production of foods with high numbers of 
viable probiotics, although the minimum requirement remains unclear 
(Hamilton-Miller and Fuller, 1996).There is a need for clear guidelines 
in this respect (Hamilton-Miller and Gibson, 1999). The minimum ther- 
apeutic probiotic level required in a food product is dependent on the 
recommended daily intake. There are some indications that a probi- 
otic intake of approximately 10'cfu per day is necessary to elicit some 
health effects. Based on consumption of lOOg or ml of a probiotic food 
per day, a product should therefore contain at least lo7 cells per gram 
or milliliter, which is in agreement with current Japanese recom- 
mendations (Ishibashi and Shimamura, 1993), but considerably higher 
numbers have also been suggested (Lee and Salminen, 1995). However, 
the minimum probiotic level recommended for foods must be founded 
on the demonstration of health benefits and should not be based on a 
concentration that is simply easily attainable and cost-effective indus- 
trially (Sanders, 1993). 

The most popular food delivery systems for probiotic cultures have 
been fermented milk products, probably because of their tradi- 
tional association with health and because they already harbor viable 
microorganisms. Within the dairy foods sector, products with a rela- 
tively short shelf life, such as yogurts and fermented milks in addition 
to unfermented milks with added cultures, have been the most popular 
choice for probiotic incorporation (Stanton et al., 1998). However, the 
portfolio of dairy products containing probiotic cultures is expanding 
to include foods such as cheese (Gardiner et al., 1998,1999a). ice cream 
(Christiansen et al., 1996), and frozen yogurts (Laroia and Martin, 
1991). In addition, many nondairy foods provide alternative systems for 
the delivery of viable probiotics to the GIT (Lee and Salminen, 1995). 
The delivery system may in fact have an important role in determining 
probiotic viability in the GIT following consumption. For example, 15- 
month-old Cheddar cheese is at least as effective as, if not superior 
to, fresh yogurt for delivery of viable probiotic microorganisms to the 
porcine GIT (Gardiner et al., 1999b), while both fermented milks and 
enterocoated tablets are more efficacious for delivery of Lactobacillus 
GG than a freeze-dried powder (Saxelin, 1997). 
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With respect to incorporation of probiotic cultures, singly or in com- 
bination into fermented milk products, two approaches can be taken: 
either the application of a probiotic as a starter culture or as an adjunct 
to the starter culture. The former is often limited by the inability of pro- 
biotic cultures to produce sufficient lactic acid in milk, thereby requir- 
ing the addition of growth-promoting supplements such as cysteine, 
yeast extract, and casein hydrolysates (Poch and Bezkorovainy, 1988; 
Klaver et al., 1993; Gomes et al., 1998). Consequently, addition of the 
probiotic culture as an adjunct to the starter culture may be a more 
favorable option. This could take advantage of any possible symbiotic 
relationship that may exist between the strains, resulting in increased 
microbial growth rates and improved flavor of the finished product 
(Hughes and Hoover, 1991). Furthermore, one of the challenges in pro- 
biotic food development is that the probiotic microorganisms should 
not adversely affect product quality-for example, inferior sensory 
scores due to acetic acid production by bifidobacteria (Gomes et al., 
1995). If there is an effect, it should be a positive one-for example, 
improvement of flavor, texture, or other organoleptic qualities. In this 
respect, the use of exopolysaccharide-overproducing strains of bifi- 
dobacteria has been suggested for the improvement of texture and 
mouth-feel in fermented dairy products (Roberts et al., 1995), and an 
E. fuecium strain with proven probiotic properties had a positive influ- 
ence on Cheddar cheese flavor (Gardiner et al., 1999a). 

9.7.1 

In 1996, the United Kingdom yogurt market was worth &523 million, 
with &47 million of this accounted for by probiotic yogurts (Russell, 
1996). Indeed, the majority of probiotic-containing dairy products on 
the European market are yogurts or yogurt-type fermented milks 
(Young, 1998) (Table 9.5). However, many commercial yogurts sur- 
veyed in both Europe and Australia exhibited poor probiotic viability, 
particularly with respect to BiJidobacterium strains (Iwana et al., 1993; 
Micanel et al., 1997), indicating that these may not be the ideal carriers 
for some probiotic microorganisms. Nevertheless, these products 
remain a popular choice for probiotic incorporation (Table 9 3 ,  where 
many are marketed on the basis of their mild taste rather than for their 
health-promoting attributes (Fuller, 1993). Of all the dairy markets, that 
for yogurt, with its existing health image, is well-positioned to capital- 
ize on the growth in healthy foods, benefiting additionally from the fact 
that it is a food that tastes good and is enjoyable. A number of 
approaches can be taken toward the production of probiotic yogurts. 

Probiotic Yogurts and Fermented Milks 
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For example, depending on the regulations in individual countries, the 
L. bulgaricus component of a yogurt starter culture may be replaced by 
a probiotic Lactobacillus strain such as L. acidophilus; or, alternatively, 
a probiotic Lactobacillus, Enterococcus, or Bijidobacterium culture can 
be added as an adjunct to the starter. It is recommended that one or 
both of the traditional starters is used in order to ensure a product with 
desirable flavor and texture chracteristics (Marshall and Tamime, 1997). 
Often, changes to the manufacturing process are required; for example, 
the fermentation temperature is lowered, at the expense of increased 
manufacturing time, to one that favors probiotic growth-that is, from 
45°C to 37°C (Kosikowski and Mistry, 1997). In addition, starter culture 
selection is of utmost importance in avoiding post-acidification-a prin- 
cipal cause of declining probiotic cell numbers in yogurt during storage. 
Other forms of yogurt which are available include frozen yogurt, drink- 
ing yogurt, driedhstant yogurt (see below), and carbonated yogurt 
(Tamime and Deeth, 1980), some of which have been investigated as 
carriers for probiotic cultures (Stanton et al., 1998). 

9.7.2 Commercial Developments in Probiotic Yogurts and 
Fermented Milks 

As consumer contact with the probiotic concept increases, the demand 
for yogurts and fermented milks with therapeutic properties is growing 
and manufacturers are responding by introducing new products, 
which will add value to their existing portfolios. The differences in the 
approach to functional foods in various countries have resulted in a 
number of different but related developments. Many dairy products 
containing pro- and prebiotics with associated health claims have been 
launched onto the market (Table 9 3 ,  and in some countries these are 
an established market segment. The trend is toward exploitation of 
the synergistic effect of combining probiotics with prebiotics, while 
some of the earlier products contained probiotic cultures alone (Young. 
1998). Of the yogurts and fermented milk products to which probiotic 
cultures have been applied, “LC1” (Nestlk), “Vifit” (Campina Melku- 
nie), “Actimel” (Danone), and “Yakult” (Yakult) have emerged as 
market leaders (Stanton et al., 2001). Many European countries are 
experiencing considerable growth in demand for existing probiotic 
products, and there is a surge in the numbers of new products being 
launched. Some product developments in the area of probiotic milk 
products are outlined below. 

Developed in Japan in the 1930s. Yakult, the fermented milk drink 
containing L. casei Shirota, is now viewed as the world’s leading mass- 
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marketed functional food product and is sold worldwide in 23 coun- 
tries at a volume of 16 million bottles per day (Hasler, 1998; Heasman 
and Mellentin, 1998). Marketed in 65-ml bottles containing 6.5 billion 
bacteria, Yakult is considered neither a food nor a pharmaceutical. 
Since establishing a European production base in The Netherlands in 
1994, the Japanese company Yakult Honsha has extended distribution 
into Belgium, Luxembourg, the United Kingdom, and Germany during 
1995 and 1996 and plans to serve all European countries by 2005 
(Wright, 1999). Sales in Europe are now estimated to total 388,000 
bottles a day; and even in the challenging UK market, since its launch 
in 1996, Yakult has more than doubled its sales, securing a i7.2 million 
niche in the yogurt and pot-dessert market. Based on this performance, 
all the major multiples have moved to national distribution of the 
product. The advertising expenditure is expected to continue with 
further advertising backed by sampling of over 1 million bottles in- 
store and in the community and workplace. 

Nest163 LC1, available either as a set cultured milk or as a drinking 
product, contains the L. acidophilus strain La 1, recently renamed as 
L. johnsonii LJ 1. This Lactobacillus strain, chosen for its probiotic 
characteristics, was the outcome of an extensive research effort con- 
ducted by Nestlk. Based on human studies and supported by a strong 
scientific dossier, this culture is claimed to stimulate the immune 
system, leading to the statement “helps the body protect itself” (Young, 
1996). In 1994, the launch of the LC1 product onto the French 
market took place, costing $8 million; and by the end of its first year 
it had seized an 11% share of the French “bio” yogurt market 
(Heasman and Mellentin, 1998).The market has continued to grow, and 
in 1997 it had gained a 25% share. LC1 now accounts for 20% of the 
company’s European trade in yogurts and fermented milks and is the 
leading brand in the German yogurt market, with a 60% share (Hilliam, 
1998). However, despite its success on the French and German markets 
and the fact that it is currently available in most European countries, 
a slower start for the LC1 product has been evident in a number 
of other European countries, most notably the United Kingdom 
(Young, 1998). 

While the potential and success of the functional food market are 
widely acclaimed, the risks and failures are not, and success has not 
been enjoyed by all pro- or prebiotic products launched. The rate of 
product failure is high, and an example of a product that has not been 
successful in some countries is Gaio, a cultured dairy product. for which 
cholesterol reducing properties were claimed. Introduced in Denmark 
in 1993, the product containing the “Causido” culture enjoyed great 
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success and seized 15% of the Danish yogurt market in its first year 
(Young, 1998). It had grown to account for 65% of the Danish probi- 
otic market in 1997, despite a 70% price premium over other yogurts 
(Heasman and Mellentin, 1998). However, the product has not been as 
successful in other countries such as the United Kingdom, where it was 
withdrawn in 1997 due to unsatisfactory sales and negative public rela- 
tions. The principal difficulties encountered were in relation to the 
cholesterol-lowering claims that were judged by the Advertising 
Standards Authority to be exaggerated and misleading (Young, 1998). 

9.7.3 Spray-Dried Probiotic Dairy Powders 

Spray-drying, described as the transformation of liquid products into 
dried powder forms by spraying liquid into a controlled flow of hot air 
within a drying chamber (Masters, 1985), is the predominant method 
used for drying of milk and milk products in the dairy industry. It causes 
less scorching of powders and has a higher capacity than roller drying, 
producing minimal undesirable changes on the nutritive value 
(Masters. 1985; Caric, 1994). This is reflected in the manner in which 
temperatures are controlled during the spray drying process: drier inlet 
and outlet temperatures via modulation of the air heater system and 
product feed to the atomizing device, respectively (Masters, 1985). 
Spray-drying is used widely in the dairy industry for the preparation of 
various products including whole and skim milk powder, whey powder, 
baby food, caseinate, coffee whitener, and dried yogurt. These dried 
products have applications in human nutrition either as nutritive addi- 
tives, in a reconstituted form, or in a wide range of food products, 
including dairy and meat products, various toppings, coatings, mayon- 
naises, soups, puddings, and instant breakfasts in addition to having 
uses in the bakery industry (Caric, 1994). The major advantage of dried 
dairy products is their long shelf life due to low moisture content 
(<4%), which inhibits development of microorganisms during storage 
(Caric, 1994). 

Spray-drying can also be applied to the preparation of culture- 
containing powders for starter or adjunct applications (Knorr, 1998). 
Preparing bulk cultures is usually a troublesome and time-consuming 
process, especially where probiotic cultures are concerned due to poor 
growth rates in milk. From an industrial point of view, a low-cost 
method of production of reliable cultures for direct addition to process 
milk is therefore desirable. In general, in the food industry the trend is 
toward direct vat inoculation with concentrated starter cultures most 
commonly supplied in frozen concentrated or freeze-dried forms. 
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Freeze-dried powders and frozen concentrates of probiotic BiJidobac- 
terium and Lactobacillus spp. have been developed (Gilliland and 
Lara, 1988; Misra and Kuila, 1991; Gagne et al., 1993); but even though 
spray-dried probiotic cultures are available commercially, little research 
attention has focused on the use of spray drying as a means of probi- 
otic culture preparation. Spray-drying has, however, been investigated 
as a means of preservation of yogurt containing viable microorganisms 
(Kim and Bhowmik, 1990), dairy starter cultures (Metwally et al., 1989; 
Teixeira et al., 199Sa,b), and bacteriocin-producing cultures (Mauriello 
et al., 1999), as well as for adjunct culture attenuation (Johnson and 
Etzel, 1993, 199.5). In order to prevent extensive bacterial mortality, 
lenient drying conditions are employed, whereby low inlet and outlet 
temperatures are used. Temperatures should, however, be high enough 
to ensure a moisture content suitable for good powder-keeping quality 
(-4%) (Masters, 198.5). The advantages of spray-drying over freeze- 
drying as a method of culture preparation are that it is economical, is 
suitable for large-scale production, and results in high-quality shelf- 
stable powders that are transportable at low cost. However, a potential 
disadvantage is that spray-drying may result in thermal and/or dehy- 
dration inactivation of cultures (Knorr, 1998). Some studies have inves- 
tigated spray-drying of L. acidophilus cultures chosen on the basis of 
their health-promoting properties (Espina and Packard, 1979; Prajap- 
ati et al., 1986, 1987), and a patent application has been filed which 
describes a process for spray-drying probiotic LAB, including Lacto- 
bacillus, Leuconostoc, and Bifidobacterium spp. (Meister et al., 1998). 
Furthermore, Gardiner et al. (2000) investigated the use of spray-drying 
as a method of preservation of human-derived L. paracasei and L. sali- 
varius strains, and they concluded that this method was applicable to 
probiotic lactobacilli, although cell damage was encountered, and sub- 
sequent viability during storage affected. 

9.8 
FOOD SYSTEMS 

FACTORS AFFECTING PROBIOTIC SURVIVAL IN 

There are many technological challenges associated with the develop- 
ment of fermented milks that harboring high levels of viable microor- 
ganisms with desirable therapeutic activities. In many cases, probiotic 
cultures are not dairy microorganisms but are of gastrointestinal origin, 
with the result that milk and dairy products may not provide a stable 
environment for culture maintenance. This is illustrated by the fact that 
many probiotic cultures, especially bifidobacteria, do not grow well in 
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milk (Klaver et al., 1993; Svensson, 1999). A further consideration is 
that a typical cultured milk product may have a pH of 3.5-4.5 and 
contain 0.5-1 .S% (wh) lactic acid (Lee and Salminen, 1995). Although 
the pH of yogurt is typically -4.5 immediately post-fermentation, 
values may drop to 3.6 during storage, due to post-acidification, which 
is caused by growth of the starter culture at refrigeration temperatures 
(Kailasapathy and Rybka, 1997). This is one of the principal factors 
contributing to poor viability of probiotic cultures-in particular, bifi- 
dobacteria-in yogurts and fermented milks (Iwana et al., 1993; 
Kailasapathy and Rybka, 1997). There are, however, some approaches 
that may be taken to improve the viability of acid sensitive cultures in 
food systems. Microencapsulation has proved useful for the protection 
of cultures from the lethal effects of acid (Rao et al., 1989), and the I,. 
delbrueckii spp. bulgavicus component of the yogurt starter culture may 
be replaced to overcome the post-acidification problem. It may also be 
possible to exploit an acid stress response such as that observed in B. 
breve, whereby survival in acidic and other physiologically stressful 
conditions was improved upon acid adaptation (Park et al., 1995). Some 
cultures, when added to fermented milk products early in the fermen- 
tation, may acquire this ability to tolerate acidic conditions, thereby 
improving their chances of survival. Tndeed, acid adaptation has been 
shown to promote the survival of Salmonella typhimurium in fer- 
mented dairy products (Leyer and Johnson, 1993). Using such an 
approach, acid-tolerant strains could be either selected or developed 
for fermented milk applications. 

Oxygen sensitivity poses certain problems for the industrial-scale 
cultivation of probiotic cultures and limits their applications in fer- 
mented milk products, where dissolved oxygen concentrations may be 
high. Oxygen toxicity is of particular relevance to bifidobacteria, as they 
are strict anaerobes (Scardovi, 1989). Certain measures have been pro- 
posed to limit the toxic effects of oxygen during the manufacture and 
storage of dairy products. Milk may be deaerated prior to fermenta- 
tion, although this requires expensive specialized equipment (Tamime 
et al., 1995; Poirier et al., 1998). Alternatively, in yogurt manufacture a 
S. thernzophilus starter culture with a high oxygen-utilizing capacity 
may be employed. This lowers the dissolved oxygen content, thereby 
creating a more favorable environment for growth and survival of 
oxygen-sensitive cultures such as bifidobacteria (Ishibashi and 
Shimamura, 1993; Shah, 1997). Superior survival of L. acidophilus and 
Bifidobacterium cultures was reported in yogurt made and stored in 
glass bottles (Ishibashi and Shimamura, 1993; Dave and Shah, 1997a), 
indicating that 1 he use of oxygen-impermeable packaging may 
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eliminate the toxic effects of oxygen during product storage. Further 
approaches that may be taken include the addition of reducing agents 
such as cysteine (Dave and Shah, 1997b) or oxygen scavengers such as 
ascorbic acid (Klaver et al., 1993; Dave and Shah, 1997c) and the selec- 
tion of oxygen-tolerant strains. In addition, the exploitation of oxida- 
tive stress responses such as that described in E. faecalis (Ross and 
Claiborne, 1991,1997) may improve the tolerance of probiotic cultures 
to oxygen toxicity. 

It is also important that cultures chosen for their therapeutic 
properties are capable of withstanding processing parameters, usually 
designed to reduce or inactivate microbial populations, and that pro- 
biotic properties are maintained following processing. For example, 
thermotolerance is an important parameter when considering micro- 
bial survival in food processes such as spray-drying, which involve the 
use of relatively high temperatures. In general, probiotic cultures are 
of intestinal origin with an optimum growth temperature of 37°C and 
so they are particularly heat-labile. However, within the genera most 
often employed as probiotics, certain strains and species are more heat- 
resistant than others-namely, “thermophilic” lactobacilli (Kandler and 
Weiss, 1989), E. faecalis and E. faecium (Mundt, 1989) and the Bifi- 
dobacterium species thermophilum (Scardovi, 1989)-and these may 
therefore be technologically superior for certain dairy applications. 
Indeed, recent studies have shown that a probiotic L. paracasei strain 
was considerably more heat-resistant than a L. salivarius strain with 
subsequent superior survival demonstrated for the former during the 
preparation of dairy-based spray-dried powders (Gardiner et al., 2000). 
In addition to appropriate culture selection, induction of a heat shock 
response may improve technological suitability of some probiotic cul- 
tures. Indeed, an inducible thermotolerance in L. bulgaricus has been 
exploited to improve microbial survival during spray-drying (Teixeira et 
al., 1997). 

It is evident that many technological hurdles must first be overcome 
in order to successfully develop therapeutic milk products. Therefore, 
as well as defining strain criteria necessary for exertion of clinical ben- 
efits, there are additional technological properties that deserve consid- 
eration in selecting probiotic strains that are sufficiently robust for the 
intended product application. Some cultures may be more suitable than 
others, with the result that each strain should be evaluated individually 
prior to use. However, as outlined above, the development of foods har- 
boring high levels of viable probiotic organisms may require modifica- 
tion of process parameters or the use of techniques to protect cultures. 
Alternatively, it may be possible to generate stress-induced tolerant 
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variants for food applications or to exploit molecular biology tech- 
niques to genetically engineer “superior” strains with desirable tech- 
nological properties (Knorr, 1998). 

9.9 PREBlOTlCS 

Prebiotics are nondigestible food ingredients that beneficially affect 
the host by stimulating the growth and/or activity of one or a limited 
number of bacteria in the colon, thus improving host health (Gibson 
and Koberfroid, 1995). In addition, when used in combination with pro- 
biotics (as synbiotics), prebiotics can provide an accessory to the pro- 
biotic concept. As with probiotics, a number of criteria must be satisfied 
in order for a food ingredient to be considered prebiotic, and these are 
listed as follows: they should be neither hydrolyzed nor absorbed in the 
upper part of the GIT; they should represent a selective substrate for 
one or a limited number of beneficial bacteria commensal to the colon, 
which are stimulated to grow and/or are metabolically activated: they 
should be able to alter the colonic microflora in favor of a healthier 
composition; and should be capable of inducing luminal or systemic 
effects that are beneficial to host health (Gibson and Roberfroid, 1995). 
As with probiotics. lactobacilli and bifidobacteria are usually the “ben- 
eficial microorganisms” targeted by prebiotics. However, prebiotics 
overcome the challenges of viability and colonization associated with 
probiotics (Gibson and McCartney, 1998; Gibson, 1999). Although any 
undigested food component that is selectively fermented by the bene- 
ficial members of the gut microflora may be considered prebiotic, most 
attention has focused on carbohydrates, and these have recently been 
reviewed by Crittenden (1 999). Prebiotics can be disaccharides (such 
as lactulose and lactitol), oligosaccharides [such as fructooligosaccha- 
rides (FOS)] , transgalactosylated oligosaccharides (TOS), and soybean 
oligosaccharides or polysaccharides (such as inulin and resistant starch) 
(Crittenden, 1999). While many well-designed trials have assessed 
the effect of various prebiotics on the human gut microflora, most 
current attention has focused on nondigestible oligosaccharides 
(Roberfroid, 1998b). In this respect, FOS have been shown to increase 
Bifdohacterium counts in vitro (Wang and Gibson, 1993) and in vivo 
(Buddington et al., 1996; Kleessen et al., 1997), with concomitant 
decreases in potential pathogens, such as fusobacteria, clostridia, and 
bacteroides observed in some cases (Gibson et al., 1995). Other 
oligosaccharides such as TOS and soybean oligosaccharides have also 
resulted in the numerical predominance of bifidobacteria in feces 
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(Benno et al., 1987; Bouhnik et al., 1997), while disaccharides, such as 
lactulose and lactitol, also show potential as selective fermentable sub- 
strates for desirable colonic bacteria (Ballongue et al., 1997). 

As with probiotics, there is a need to assess the effect of prebiotics 
on microbial species and strains within total populations in the gut 
microflora, which should be made possible with the use of new 
molecular techniques. With regard to prebiotics, these foodstuffs 
manipulate the existing ecosystem, and therefore may not be of great 
value in situations where the gut microflora does not already contain 
beneficial microorganisms. Such cases may be more responsive to 
the use of synbiotics (mixtures of probiotics and prebiotics), which 
may improve intestinal survival and implantation of the live microbial 
supplement (Gibson and Roberfroid, 1995). Furthermore, prebiotics 
have potential in areas other than modification of the intestinal 
microflora, such as improvement of calcium bioavailability, reduction 
of the risk of development of precancerous lesions, and modification 
of lipid metabolism (for review, see Roberfroid, 1998a). Marketing 
in the area of prebiotics has concentrated principally on oligosac- 
charides. Although initially confined to the Japanese market, a number 
of products have recently appeared in Europe, containing prebiotic 
substances, in particular, inulin and the application of prebiotics 
to commercially available fermented milks and yogurts is evident 
(Table 9.5). 

9.1 0 CONCLUSIONS 

Probiotics are the focus of much research attention worldwide; conse- 
quently, scientific evidence is accumulating concerning the nutritional 
and therapeutic benefits of regular consumption of certain cultures. As 
a result, although it varies depending on the country in question, there 
are already a number of probiotic products on the market which are 
supported by considerable scientific research, and there is substantial 
evidence to demonstrate that there is a successful and expanding 
market for probiotic functional foods. However, the long-term exploita- 
tion of probiotics as health promoters is dependent upon a number 
of factors, including sound, scientifically proven clinical evidence of 
health-promoting activity, accurate consumer information, effective 
marketing strategies and, above all, a quality product that fulfills con- 
sumer expectations. Further research is needed in areas such as strain 
selection and mechanism of action, and consensus is needed regarding 
a definition of probiotic and functional foods, the minimum therapeu- 
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tic dose necessary, and legislation relating to products containing pro- 
biotic cultures. 
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CHAPTER 10 

MICROBIOLOGY OF SOFT CHEESES 
NANA Y. FARKYE 
Dairy Products Technology Center, California Polytechnic State University, 
San Luis Obispo, CA 93407 

EBENEZER R. VEDAMUTHU 
994 NW Hayes, Corvallis, OR 97330 

10.1 INTRODUCTION 

Classification of cheeses as hard, soft, semi-soft, etc. is purely arbitrary 
and utilitarian. Classification helps to systematically group cheeses that 
are alike in certain basic features or characteristics. The most widely 
accepted and used basis for the classification of cheeses is the moisture 
content, as moisture determines the body, consistency or compactness 
of cheese. Thus, the term soft cheese denotes that the consistency of 
the cheese is soft to touch or to pressure applied between fingers. 
This attribute of “softness” is directly related to the moisture content 
of the cheese-high moisture cheeses being softer than low moisture 
cheeses. 

The U.S. Code of Federal Regulations does not specify maximum 
moisture content for soft cheeses. However, a legal minimum of 50% 
milkfat in the solids phase (fat in dry matter, FDM) of the cheese is 
specified for soft ripened cheeses. Scott et al. (1998) define soft cheeses 
as containing water in the fat-free cheese matter (Wff) greater than 
61% and fat in the dry matter, FDM of 10-50%. The FAO/WHO 
classifies soft cheese as cheese containing over 67% Wff (Teuber, 1998). 
Data on the composition of various soft cheeses in the literature 
(Kosikowski and Mistry, 1997) reveal moisture contents in the range of 
SO-8OYo. 
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ISBN 0-471-38596-4 Copyright 0 2002 Wiley-Interscience, Inc. 

479 



480 MICROBIOLOGY OF SOFT CHEESES 

Soft cheeses may be manufactured from whole milk, skimmilk, 
cream, whey or combinations thereof. Because most soft cheeses are 
consumed fresh and also, to eliminate the risk of food poisoning, it is 
important that the milk or other dairy ingredients used for soft cheese 
manufacture be adequately pasteurized (72°C x 15 s). In several coun- 
tries, the use of raw milk for cheesemaking is still prevalent. In the U.S., 
cheese manufactured from raw milk must be stored at a minimum of 
1.7"C for at least 60 days before consumption.This regulation limits the 
manufacture and sale of unripened soft cheeses from raw milk. 

10.2 CATEGORIES OF SOFT CHEESES 

Soft cheeses can be grouped into four categories-unripened, surface 
mold-ripened, surface bacterial smear-ripened, and picked (Table 10.1). 
Most unripened soft cheeses are acid-coagulated cheeses (e.g., Cottage, 
Cream, Quarg, Fromage Blanc) for which curd is formed by acidifica- 
tion of milk to or near the isoelectric pH of casein (i.e., pH 4.6). Very 
small amounts of rennet may be added to aid coagulation and increase 
curd firmness. Some soft cheeses, e.g., Mozzarella and the Hispanic vari- 
eties such as Queso Fresco and Panela are rennet-coagulated, i.e., the 
curd is formed by the proteolytic cleavage of Ic-casein by the action of 
chymosin or other milk-clotting enzyme on milk at pH > 6.2. In others, 
such as Mascarpone, Ricotta, Queso Blanco Fresco, and Paneer, coagu- 
lation is achieved by a combination of heat and acidification at pH 25.5. 

10.3 UNRIPENED SOFT CHEESES 

10.3.1 Acid-Coagulated Varieties 

70.3.7.7 Cottage Cheese. A detailed description of the procedure 
for the manufacture of cottage cheese is given by Emmons and Tuckey 
(1967). Cottage cheese is manufactured by acid coagulation of skim 
milk fortified with nonfat dry milk to a total solids content of at least 
10%. Coagulation is achieved by a food-grade organic acid (e.g., acetic, 
lactic or gluconic acid), inorganic acids (e.g., hydrochloric or phos- 
phoric), by acidogen (glucono-F-lactone, GDL), or by bacterial acidifi- 
cation with mesophilic lactic acid bacteria. Cottage cheese can be made 
by the short-set (i.e., coagulation occurs in 4-6h) or long-set (i.e., coag- 
ulation in 12-16h) methods. In the short-set method, milk at 30-32°C 
is inoculated with 4-5% starter while in the long-set method the milk 
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is set at 20-22°C with 1-2% starter.The starter culture used for cottage 
cheese manufacture contains primarily, the mesophilic lactic acid bac- 
teria, Lactococcus lactis ssp. cremoris or Lactococcus lactis ssp. lactis. 
Starter that contains citrate+ Lactococcus lactis ssp. lactis (formerly, 
Lactococciis lactis ssp. lactis biovar. diacetyluctis) is not satisfactory for 
cottage cheese manufacture because of the production of considerable 
amounts C 0 2  which causes the curd to float. Floating curd is difficult 
to cook and shatters easily. To obtain a coagulum that is ready to cut 
at pH of 4.7-4.8, very small amounts of rennet (0.1-0.2m1/100L milk 
for the long-set method or 0.2-0.3m1/100L for the short-set method) 
may be used. The coagulum is cut with small 6.3Smm (0.2s-in) wire 
curd knives to give small-curd cottage cheese or with large 12.7mm 
(>0.5-in) knives to give large-curd cottage cheese. The curd is cooked 
over an hour to 5347°C until desired firmness is reached. Heating is 
generally slow and continuous (- 1°C every 5 min). The curd is held in 
the whey for about 30min at the cooking temperature to attain desired 
firmness. Then, the whey is drained off and the water in the jacket is 
drained. Hence, the curd is washed and drained three times with cold 
water (successive temperatures of 22-26, 10-18 and 3-7°C) to give 
dry-curd cottage cheese. The amount of water used for washing equals 
approximately S0-67% of the initial milk volume. The microbiological 
quality of wash water is important because it influences the shelf life 
of cottage cheese. Thus, addition of hypochlorite to wash water to give 
Sppm available chlorine with a contact time of at least one min prior 
to addition to the curd is satisfactory. Also, adjustment of wash water 
pH to 6.5 with food-grade phosphoric acid before or at the time of chlo- 
rination is desirable (Sellars and Babel, 1985). 

To manufacture creamed cottage cheese, the dry curd is mixed with 
freshly made cream dressing containing approximately 11 % fat, 3% 
salt and 0.3Y0 stabilizer. Typically, the ratio of dressing to dry curd is 
1 : 1.5-giving a minimum fat content of 4 %  in the finished product. The 
average composition of creamed Cottage cheese is 78.3% moisture, 
13.6% protein, 4.2% fat and 1.0% ash while dry-curd cottage cheese 
contains 79% moisture, 17.0% protein, 0.3% fat and 1.0% ash (Olson, 
1974). 

Cottage cheese flavor is from the cream dressing. The major flavor 
compound is diacetyl, which is added in the form of starter distillate or 
generated by aroma-producing cultures added to the cream dressing 
during manufacture. Also, concentrated cells-frozen or lyophilized- 
of flavor bacteria may be added to the cold cheese dressing immedi- 
ately before it is added to the dry curd. The flavor-producing bacteria 
metabolize citrate to give diacetyl. To obtain a higher level of flavor, 
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the dressing mix is often fortified with citric acid or citrate salt within 
the legally allowable limit. 

70.3.7.2 Cream, Neufchifel and Baker's Cheese. Both cream 
cheese and Neufchiitel cheese are similar soft unripened cheeses. U.S. 
standards of identity for cream cheese require a minimum of 33% fat 
and maximum of 55% moisture whereas the standards of identity 
for Neufchiitel cheese requires a fat content of not less than 20% 
but less than 33% and a maximum moisture content of 65%. Hence, 
Neufchatel cheese is the same type of cheese as cream cheese but con- 
tains less fat and more moisture than cream cheese. 

Cream cheese is manufactured by one of two methods viz, hot-pack 
or cold-pack method. The starting material for cream cheese manufac- 
ture is a mixture of milk and cream standardized to a minimum 
of 11% fat and 8% nonfat milk solids. The mix is pasteurized (63- 
85"C, preferably 68°C x 30min, cooled to 49°C and homogenized at 
124.14-137.93 MPa (1800-2OOOpsi) single stage. Single stage homoge- 
nization enhances slow whey drainage and uniform distribution of fat 
globules. The homogenized mix is cooled to 22 or 32"C, respectively, 
for long or short-set methods. Mesophilic starter is added at the rate 
of 0.5 and 5%, respectively-resulting in setting times of 15 h (long-set 
method) or 5 h (short-set method) and cutting p H  of 4.7 or titratable 
acidity (TA) of 0.6% lactic acid. To facilitate faster whey drainage, a 
small amount of rennet (0.2ml/lOOL milk) may be added at the time 
of starter addition. At pH 4.7 and TA of 0.6% lactic acid, the coagulum 
is broken by stirring. The resulting homogeneous mass is heated to 
52-55"C, held there until clear visible whey separation occurs.Then, the 
product is cooled to 32°C and drained. In the traditional process the 
product is placed in muslin bags and allowed to drain overnight at 4°C. 
Alternately, in continuous industrial processes. whey is removed from 
the curd using a continuous centrifugal separator. After complete whey 
drainage, the moisture of the curd is adjusted with liquid or dried 
cheese whey, salt (O.8-1.0%) is added and the cheese is packaged (cold- 
pack method). Typical curd yields are 2.96,2.59,2.42 and 2.18 kg cheese 
per kg fat when cream cheese is made from mixes containing 8,12,16 
and 18% fat, respectively (Van Slyke and Price, 1952). 

In the hot-pack method, after the coagulum is stirred and heated to 
about 55"C, it is further heated to -81°C then centrifuged to separate 
curd and whey. To the hot curd, salt and a hydrocolloid stabilizer (e.g., 
locust bean gum) are added after moisture adjustment. U.S. standards 
of identity allow the use of up to 0.5% stabilizer.The resultant product 
is homogenized at 137.93 MPa (2OOOpsi) first stage and 34.47 MPa 
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(5OOpsi) second stage at 63°C to give cream cheese a smooth consis- 
tency and uniform composition. Condiments such as chives, vegetables, 
onions, pimentos, nuts, pineapple, cherries, etc. may also be added at 
this stage (Kosikowski and Mistry, 1997). The curd is hot packed into 
appropriate size packages and chilled to 4°C. Shelf life of hot-packed 
cream cheese is at least 60 days (Straws, 1997). 

Bakers' cheese is a smooth, soft unripened cheese made by coagu- 
lation of skimmilk similar to the traditional Neufchgtel process. It 
contains 65-787'0 moisture and is practically fat-free. To manufacture 
Baker's cheese, good quality skimmilk is pasteurized and cooled to 
21-22°C for overnight long-set or 30-31°C for the short-set method. 
Active mesophilic lactic starter is added at the rate of 0.4% (w/w) for 
the long-set method or 5% (w/w) for the short-set method. Rennet is 
added at the rate of 4m1/454kg milk. At pH 4.4-4.5 or a TA of 0.6% 
lactic acid, the coagulum is broken and curd transferred to muslin bags 
to drain, preferably under refrigeration. The curd may be salted at the 
rate of 0.5-1Y0. Typical yields are 13-14% (Emmons and Tuckey, 1967; 
Van Slyke and Price, 1952). 

70.3.7.3 Quarg. Quarg (or Quark) is a soft homogeneous cheese 
with clean and mildly acid flavor. Traditionally, Quarg is manufactured 
from good quality skimmilk although whole milk may be used.The pro- 
cedure for manufacture of Quarg involves pasteurization of skimmilk 
at 72-85°C x 15s. The milk is cooled to 20-23°C (for long-set method 
of manufacture) or -30°C (for the short-set method). Next, it is inoc- 
ulated with 1-2% starter culture consisting of Lc. lactis ssp. lactis or cye- 
rnoris and held at that temperature for 14-18 h (long-set method) or 
3-6h (short-set method) to reach pH of 4.64.7. A small quantity of 
rennet (4 ml/lOOL milk) is added after culture addition to aid in coag- 
ulation and produce a firm curd at a higher pH, thereby avoiding over 
acidification of the cheese. In the traditional method, the coagulum is 
cut at the desired firmness and curd scooped into muslin bags for whey 
drainage. In industrial methods, the curd and whey are pumped into 
special Quarg separators for whey separation. Finished curd is pack- 
aged and stored cold. Also, the curd may be further processed (e.g., 
heating, homogenization, aeration) or condiments, spices, fruits, etc. 
may be blended into the cheese. 

Whey obtained by the traditional Quarg manufacturing process con- 
tains -0.65% protein and -0.2% non-protein N (Guinee et al., 1993). 
Therefore, newer industrial technologies aim at reducing the whey 
protein loss thereby increasing cheese yields. The technologies include 
the Westfalia Thermoprocess, the Centriwhey process, the Lactal 
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process and ultrafiltration (UF). The Westfalia Thermoprocess, the 
Centriwhey and Lactal processes all involve heating of whey to 95°C. 
This causes thermal denaturation of whey proteins and their subse- 
quent coagulation (co-precipitation) with caseins on acidification. For 
example, in the Westfalia Thermoprocess, 50% of the whey proteins are 
recovered, resulting in yield increases of 10% (Siggelkow, 1984). In the 
UF  method, fermented skim milk (pH < 4.6) is heated to 38-42"C then 
concentrated by U F  to 17.5% solids.The concentrate is cooled, homog- 
enized and packaged (Siggelkow, 1984). Typical composition of skim- 
milk (low-fat) Quarg is 17-24% dry matter, 70-83% moisture, 12-18% 
protein, trace-0.5% fat, 2-4% lactose, 0.94% ash and 0.125% calcium 
(Puhan and Gallman, 1980; Koth and Richter, 1989). High-fat Quarg 
contains about 74% water, 10% protein and 12% fat (Walstra et al., 
1999). The shelf life of Quarg is limited to -3 wk when stored at < 8°C 
(Kroger, 1979). 

70.3.7.4 Fromage Blanc. Fromage blanc is a popular French soft 
cheese that is made from skimmilk (Ramet, 1990). The skimmilk is 
pasteurized (7.5-80°C x 10-~OS), cooled to 25-28"C, inoculated with 
mesophilic starter (0.001-0.002Y0) and rennet (0.5-1 m1/100 L milk) is 
added. Clotting occurs in 6-8h and the curd is left undisturbed for 
10-15h for acidification and hardening. When the pH is 4.54.6, the 
curd is ladled into molds to drain for 20-24 h at 20-25°C before pack- 
aging. Alternately, after clotting, the curd is gently stirred for 5-10min 
then fed into muslin bags for drainage for 24-36 h at room temperature 
(20-25°C). Gentle turning and pressing is applied to the curd during 
drainage. In modern industrial processes, the milk is pasteurized (72°C 
x 40 s or 86°C x 8-10 s), cooled to 28-30°C and inoculated with 0.5-1 YO 
mesophilic starter bacteria. After 1.5h and when the milk pH reaches 
about 6.3, rennet (0.5-1.0m1/100 L) is added. The milk is left quiescent 
for 16 h to coagulate. At pH 4.5-4.55, the coagulum is stirred and the 
curd/whey mixture is fed into a separator for separation of curd and 
whey. The whey is removed and the resultant cheese is cooled to 6-8"C, 
packaged and stored at 0-4"C.To increase yields by incorporating whey 
proteins in cheese, skimmilk is heated to 82-92°C for 5-6min to dena- 
ture the whey proteins that co-precipitate with casein. Also, UF tech- 
niques may be used to trap whey proteins in the cheese. 

10.3.2 Rennet-Coagulated Unripened Soft Cheeses 

10.3.2.7 Mozzarella Cheese. Mozzarella cheese is a pasta filata 
(stretched cheese) variety in which the drained curd is heated in hot 
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TABLE 10.2. US Specifications for Different Types of Mozzarella Cheese 

Type of Mozzarella Moisture Fat in Dry Matter 

Mozzarella Greater than 52% Not less than 45% 
Less than 60% 

Low-moisture mozzarella Greater than 45% Not less than 45% 
Less than 52% 

Part-skim mozzarella Greater than 52% Not less than 30% 
Less than 60% Not greater than 45% 

mozzarella Less than 52% Not greater than 45% 
L,ow-moisture part-skim Greater than 45% Not less than 30% 

whey or water at 7540°C and subsequently kneaded at low pH to 
remove calcium from the curd, thereby making the cheese stretchable. 
The U.S. standards of identity classify Mozzarella based on the com- 
position of the finished cheese (Table 10.2). 

The different types of Mozzarella cheese have different functional 
behavior as their intended uses differ. The general manufacturing 
process for the different Mozzarella cheeses is similar. However, the 
initial composition (i.e., casein to fat ratio, C/F) of milk used for man- 
ufacture is different, hence differences in composition of the various 
Mozzarella types. The C/F ratio is adjusted by removal of fat as cream 
or addition of casein in the form of skimmilk, skimmilk powder, and 
condensed or concentrated skimmilk. Generally, the typical fat con- 
tents of milk for manufacture of the low-moisture part skim varieties 
range from 1.5-2.5% (C/F of 1.1-1.25) whereas Mozzarella is made 
from whole milk with a C/F of 0.67-0.72. Mozzarella cheese may be 
manufactured by direct chemical acidification using a food-grade acid 
or by bacterial acidification using thermophilic lactic acid bacteria. Pas- 
teurized milk is cooled to 30-32°C. The milk is inoculated with a starter 
comprising a typical ratio of 1 : l  of Streptococcus thermophilus and 
Lactobacillus delbrueckii ssp. bulgaricus or Lactobacillus helveticus. 
Rennet is added at the rate of 90ml single strength/454kg milk. Fol- 
lowing coagulation, the curd is cut, cooked to 38"C, and held there for 
1 h. The whey is drained and when the curd pH reaches 4.9-5.2, it 
is plasticized by stretching and kneading in hot (75-85°C) water. In 
industrial processes, stretching and kneading of curd are done in a 
mixedmolder. Typical curd temperatures during stretching are in the 
range, 55-60°C. After kneading and stretching, the curd is molded 
into desired shape and quickly cooled and salted by placing in 
cold brine 22-23% Nacl. The duration of brining depends on the size 
of cheese loaf and brine temperature. Recently, Barbano et al. (1994) 
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described a no-brine method for Mozzarella cheese in which the curd 
is dry-salted before it is plasticized. The desired salt content for Moz- 
zarella is 1% and that for the low-moisture part-skim Mozzarella is in 
the range 1.5-1.7%. 

70.3.2.2 Hispanic and Other Soft Cheeses. Hispanic cheeses have 
become increasingly popular in the U.S. The most popular Hispanic soft 
cheeses are Queso Fresco (fresh cheese), Panela (meaning, “basket”) 
and Queso Crema (cream cheese but different from traditional cream 
cheese), Queso Blanco (white cheese), and Oaxaca (which is similar to 
Mozzarella). Queso Fresco is a soft cheese with crumbly texture and a 
mild, slightly salty flavor. Queso Fresco is manufactured from pasteur- 
ized whole or part-skim milk whereas whole milk is used for Panela. 
Queso Crema is a higher fat version of Panela. Because Queso Fresco 
has a characteristic white appearance, the milk may be homogenized 
to disperse the fat globules. Alternately, a chemical whitening-agent, 
such as titanium dioxide may be added to the milk. The pasteurized 
milk is cooled to 28-30°C. Generally, Queso Fresco is made without 
starter bacteria. When culture is added, typically flavor-producing BD 
cultures (i.e., cultures containing Leuconostoc ssp. and citrate’ Lacto- 
coccus lactis ssp. lactis (formerly, Lactococcus lactis ssp. lactis biovar. 
diacetylactis) are used. Rennet is added at the rate of 2m1/100L milk. 
Coagulation takes 30min. The curd is cut and cooked to 4046°C. Fol- 
lowing whey drainage, the curd is allowed to mat then milled by grind- 
ing.The finely ground curd is salted, packaged, and cooled immediately. 

The procedure for manufacture of Panela is similar to that for Queso 
Fresco except that after cooking, a portion of the whey is drawn and 
salt is added to the remaining curd-whey mixture in the vat. Then, the 
salted curd is dipped and molded in baskets and drained on a drain 
table. The finished cheese has a unique basket shape and a mild pleas- 
ant flavor.The manufacture of Queso Crema is similar to that of Panela 
except that cream is added to standardize the milk to a higher per- 
centage fat. Typical composition of Queso Fresco from part-skim milk 
is 51% moisture, 19% fat, 22% protein, 1.7% salt and pH > 6.1. Panela 
contains 53% moisture, 25% fat, 18% protein, 1.5% salt and pH >6.2. 
Other popular Hispanic cheeses are Cotija which is a hard cheese and 
Requeson, a soft cheese similar to Ricotta. 

10.3.3 Unripened Soft Cheeses Manufactured by 
Acid-Heat Coagulation 

70.3.3.7 Mascarpone. Mascarpone is a soft cream-style cheese pro- 
duced by heat-acid coagulation of cream. The procedure for manu- 



488 MICROBIOLOGY OF SOFT CHEESES 

facture involves adjusting the composition of cream to -50% fat and 
2.8-6% protein, and then heating to 95°C x 40min. Then, dilute acidi- 
fying agent such as acetic, citric, tartaric, lactic acids or lemon juice is 
added. The curd is separated from the whey and the finished cheese 
packaged and cooled to 4°C in 6 h or less. The final pH of the finished 
cheese is in the range 5.7-6.6 (Franciosa et al., 1999). Mascarpone con- 
tains about 50% moisture, 44.5% fat, 3.3% protein and 0.2% salt. 

70.3.3.2 Ricotta. Ricotta is a soft unripened soft cheese that origi- 
nated from Italy. In Latin American and the Hispanic communities, 
Ricotta is known as Requeson. Traditionally, the starting material 
for Ricotta cheese is whey from Mozzarella cheese manufacture. At 
present, Ricotta can be made from almost any type of sweet whey pro- 
vided that the initial tritatable acidity of the whey is 1O.l6% lactic acid 
and a pH 26.0. The principle for the manufacture of Ricotta is to heat 
whey to 85-88"C, followed by coagulation of the proteins by addition 
of acid to hot whey. The curd formed floats on top of the whey and is 
scooped out to drain. In industrial methods, the whey is neutralized to 
pH 6.5 with a 25% (wiv) solution of NaOH. The neutralized whey is 
heated to 65-70"C, then whole milk equal to 25% of the whey volume 
is added and heating of the wheylmilk mixture is continued until a tem- 
perature of 75-80°C is reached. Cream may be added at this time if a 
higher fat product is desired. Next, NaCl (0.5'70, w/v) is added and 
heating continued till 85-95°C is reached. Alternately, calcium may be 
added. NaCl dehydrates the whey proteins and has a destabilizing 
effect on bovine serum albumin. Similarly, calcium destabilizes all the 
whey proteins. Next, dilute food-grade acetic or citric acid is added for 
coagulation and curd formation. Typically, -1.5% (v/v) of dilute 
(-3.85%) acetic acid is needed to clot the whey/milk mixture.The curd 
is left in the hot whey for about an hour to increase firmness and 
enhance whey drainage. The curd, which floats on the surface of the 
whey, is ladled off. Alternately, the whey may be drained from the 
bottom leaving the curd behind in the vat or kettle. Optimal coagula- 
tion pH occurs between 5.6-5.8 to give maximum yields (Weatherup, 
1986). Approximately 5 kg of fresh ricotta is obtained from 100 kg whey 
by the addition of 5 kg whole milk. Typical composition of Ricotta is 
2.5% fat, 16.0% protein, 3.5% lactose, 1.0% ash, 20- 23% total solids 
and pH of 5.6-6.0. 

70.3.3.3 Queso Blanco and Paneer. Another Hispanic cheese that 
may be classified as soft is Queso Blanco (also called Queso Blanco 
Fresco). This cheese, similar to Paneer, which is produced in India, is 
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made by direct acidification of highly heated milk. The procedure for 
manufacture of Queso Blanco involves heating milk to 82-85"C, and 
adding a diluted food grade acid, vinegar or lemon juice to the milk to 
achieve a pH of 4.6-4.7 in the curd/whey mixture. The acidified milk is 
gently stirred and the curd is left undisturbed in the whey for about 15 
min to firm up. Then the whey is drained and curd salted at 2.5% 
(Chandan et al., 1979; Kosikowski and Mistry, 1997; Farkye et al., 1995). 

10.4 RIPENED SOFT CHEESES 

10.4.1 Surface Mold-Ripened Soft Cheeses 

The most notable surface mold ripened soft cheeses are Camembert 
and Brie-both of which originate from France.These cheeses are char- 
acterized by the presence of a white mycelial covering (due to the 
growth of the white mold, Penicillium camemberti) that covers the 
surface of the cheese. 

Camembert is made by a traditional Normandy-style process or by 
an industrial process. Generally, raw or thermized (63°C x 15s) milk is 
used in the traditional process while pasteurized (72°C x 15s) milk is 
used in the industrial process (see Table 10.3).The heated milk is cooled 
to 10-12"C, inoculated with a 0.1-0.2% mesophilic lactic starter (Lc. 
lactis ssp. lactis or cremoris or Leuconostoc mesenteroides ssp. cremoris) 
and held for 15-20h before warming to 30-34°C. In other methods, the 
milk is cultured at 30-34°C. Rennet (15-20ml/lOOL for the traditional 
process and 20-25mlllOOL for the industrial process) is added to the 
warm milk. The rennet is diluted in cold water before adding to the 
milk. Coagulation takes about 1.5 h for the traditional process or 30-4.5 
min for the industrial process. In the traditional process, the curd is 
ladled carefully (to avoid breaking) into perforated molds that are 
placed on a drain table to allow whey drainage. The mold may be 
turned a few times to facilitate whey drainage. After 15-20 h, curd is 
removed from the mold and dry-salted by dusting with fine salt. Simul- 
taneously, a suspension of Penicillium camemberti spores is sprayed or 
rubbed on the curd surface. 

Next, the cheese is cured at 12-13°C and R.H. of 85-90% for 3wk, 
then at 8-10°C for a week. During ripening of Camembert, a white 
mycelial covering appears on the cheese surface at about the fifth to 
sixth day of ripening. The covering becomes 2-3mm thick after 10-12 
days of ripening. The predominant microflora that grow on the cheese 
surface and that contribute to the ripening consists of lactic acid 
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TABLE 10.3. Procedure for Manufacture of CamembertlBrie Cheese 

Step in Manufacture Temperature and Duration Comments 

Heat treatment 

Addition o f  starter 

Add CaCI? (optional) 
0.02% 

Addition of rennet 
(15-20ml single- 
strcngth 1 OO liter-') 

( 1-2.5 % I )  

Cutting 

Dipping/niolding 

Pressing 

63°C x 15s Thermization 
72°C x 15s Pasteurization 
30-34°C x 1 h Ripen milk 

Coagulation takes 
3 - 3 5  min 

3 min Curd is cut into fairly 
large pieces 

Ladle into perforated 
cylindrical forms (8- to 
12-cm diameter and 
11-15 cm high) on 
drainning table. 

Turn cheese and stack 
molds on top of one 
another. Drain 
overnight. Curd shrinks 
to half its original 
weight. 

Overnight, 22°C 

Whey acidity is 0.60-0.70% lactic acid at end of drainage. 

Salting Sprinkle salt; add mold 
spores. 

bacteria, molds (I? camenzberti, Geotrichum candidum), and yeast 
(e.g., Saccharomyces lactis, S. fragilis, Torulopsis sphaerica, Candida 
pseudotropicalis, Deharyomyces hansenii, Torulopsis cundida). Other 
yeasts and molds have been isolated Brie and Camembert cheeses 
(Nooitgedagt and Hartog, 1988). 

With the surface development of Penicillium and yeasts, the pH of 
the cheese rises rapidly-reaching pH 7.0 on the surface and pH 6.0 at 
the center after about 30 days of ripening. The rise in pH, which is due 
to the metabolism of lactic acid by the yeasts, results in a decrease 
in the population of fungi and an increase in the population of non- 
acid tolerant aerobic bacteria, micrococci and corynebacteria after the 
fifteenth day of ripening. The growth of large numbers of pigmented 
corynebacteria gives cheese undesirable appearance and flavor. For a 
detailed review on the biochemistry of Camembert cheese ripening, see 
Gripon (1 993). Camembert cheese comes in wheels of approximately 
10.2cm diameter, 2.54-3.8cm thick and weighs 3.6-4.54 kg. The cheese 
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must contain at least 45% FDM according to its standard of identity. 
Typically Camembert cheese contains -21 YO protein and -24% fat. 

Brie is another surface-ripened variety that originates from France. 
It is made from whole milk (although skimmilk or partly skimmed milk 
may be used). Brie is made in three wheel sizes, i.e., large (21.6-40.6cm 
diameter, 3.84.24cm thick, and weighs 2.72 kg); medium (20.3- 
30.48cm diameter, and weighs 1.6kg), small (14 to <20.32cm diameter, 
3.18cm thick and weighs 0.454kg). The principles of manufacture of 
Brie are similar to those of Camembert; and the standards of identity 
require that Brie must contain at least 40% FDM and 44% dry matter. 
Typical composition of Brie is -19% protein and -27% fat. 

10.4.2 Bacterial Surface “Smear’’-Ripened Soft Cheeses 

Typical surface-ripened soft cheeses include Limburger and Munster. 
Munster contains at least 44% total solids and a minimum of 45% 
FDM. Limburger contains at least 50% total solids and 50% FDM. 
Generalized cheese making procedure for Limburger is given in Table 
10.4. Pasteurized milk at 32-35°C is cultured with mesophilic lactic acid 
bacteria until the pH reaches 6.2-6.5. Next, rennet is added at a rate of 
30ml/l00L milk. The rennet is diluted in cold water before adding to 
the milk. Then, the curd is cut, cooked to 36”C, dipped into perforated 
molds and allowed to drain. 

After removal from the mold, the cheese is salted and sprayed with 
cultures of Brevibacteriurn linens. Limburger is ripened at 15°C and 
90-95% R.H. during which the development of surface microflora 
occurs. 

10.5 PICKLED SOFT CHEESES 

10.5.1 Feta Cheese 

Feta is a white cheese that originates from Greece. It is traditionally 
produced from sheep or goat milk or their mixtures (Anifantakis, 
1991). Industrially, it is manufactured equally from cow or sheep milk, 
and has been produced from milk concentrated by UF techniques 
(Tamime and Kirkegaard, 1991). Because Feta is traditionally made 
from sheep or goat milk which lack carotene, the cheese has a whitish 
appearance. Therefore, when cow’s milk is used for manufacture, the 
milk is often bleached or decolorized. Feta has a crumbly compact 
texture with mechanical openings. The cheese can be manufactured 
from whole or part-skim milk. Feta cheese manufactured from sheep 
and goat milk is normally standardized to 5.8-6% fat because of the 
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TABLE 10.4. Typical Procedure for the Manufacture of Limburger Cheese 

Step in Manufacture Temperature and Duration Comments 

Heat treatment 

Addition of starter 

Add CaClz (optional) 
0.02% 

Addition of rennet 
(1 5-20ml single- 
strength 100 liter-') 

(0.25-0.5 70) 

Cutting 
Cooking 
Draining 

Dipping and hooping 

Pressing 

Salting 
Ripening and smearing 

63OC/15 s 
72Oc/15 s 
30°C for 1 h 

3 min 
35.6"C 

Overnight, 22°C 

Acidity of 0.40% Lantic 
acid p H  of 5.1 

15°C; 90-95% R.H 

Thermization 
Pasteurization 
Ripen milk 

Coagulation takes 3045  min. 

Curd is cut into small pieces. 
Raise temperature in 30min. 
Remove whey to the level 

Dip curd into appropriate 

Turn cheese every 20min for 
first hour; every 30min for 
2 h, then hourly until 
properly matted. 

of curd. 

hoops. 

Dry salt or brine. 
Development of surface 

microflora (mainly non- 
lactose-fermenting yeast, 
e.g., Geotricum candidum). 
Spray surface of cheese 
with Brevihacteriiim linens 
24-48 h after yeast 
development. 

high fat content of sheep and goat milk (Anifantakis, 1991). However, 
an optimum C/F of 0.69-0.73 is ideal (Tamime and Kirkgaard, 1991) 
and the mean composition of Feta cheese is 52-55% moisture, 18-26% 
fat, -16% protein, -0.17% lactose, -3% salt and pH of 4.4-4.6. The 
steps involved in Feta cheese manufacture are given in Table 10.5. The 
milk is pasteurized (72°C x 15s) or heat-treated (68°C x 10min) and 
may be homogenized. Traditionally, starter used for manufacture is a 
combination of Lb. delbrueckii ssp. bulgaricus and S. thermophilus. 
However, in industrial processes, Lc. lactis ssp l a d s  or cremoris and 
Leuconostoc mesenteroides ssp. crernoris may be included. Feta is dry 
salted by rubbing cheese with granular salt and left overnight to absorb 
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TABLE 10.5. Typical Procedure for the Manufacture of Feta Cheese 

SteD in Manufacture TemD. & Duration Comments 

Heat treatment 72"C/15 s Pasteurization 
Addition of starter 30-32"CIl h Ripen milk 

Add CaC12 (0.02%) 
Addition of rennet 

(0.25-0.5%) 

Coagulation takes 50-60min. 
(15-20ml single-strength 
100 liter-') 

Cutting 3 min Curd is cut into small cubes 

Heal 5-10 min 
Dipping/hooping/pressing 

(2-3 cm3) 

Dip curd into appropriate hoops. 
Drain for 2-3 h without pressure. 

Turn cheese frequently until 
pH reaches 4.8. 

(60-80g liter-') for 10 days at 
16-18"C. 

marketing. 

Salting Dry salt; then store in brine 

Ripening 4-5°C Ripen for 2 months before 

the salt. Granular or coarse salt dissolves slowly on cheese surface and 
contributes to normal draining of whey. Use of fine grain salt leads to 
over-salting and leads to the surface of cheese becoming hard (Ani- 
fantakis, 1991).After salting, the cheese is cut into 1 kg blocks or smaller 
and stored in 6-10% brine, and stored for 2mo at 4-5°C before it is 
sold commercially. 

10.5.2 Domiati Cheese 

Domiati cheese is soft pickled cheese variety that originates from 
Egypt. The manufacture of Domiati involves standardization of milk 
to a desired fat content. The milk is pasteurized or heated to 65°C x 
15min and cooled to 35-40°C. Next, 5-15% NaCl (depending on the 
season of the year) is added to inhibit microbial growth. When pas- 
teurized milk is used for manufacture, the amount of NaCl added does 
not exceed 6%. Alternately, raw milk is divided into two lots. NaCl 
(5-14%) is added to one lot (which represents two-thirds of the raw 
milk). The remaining one-third is heated to 77-80°C and both lots 
mixed together thereby reducing the temperature of the mixed milk 
to the setting temperature of 3540°C. Next, the milk is inoculated 
with salt-tolerant lactobacilli followed by rennet (22-30ml single 
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strengthA00L milk) addition. Coagulation takes 2-3 h.The curd is care- 
fully ladled into molds lined with cheesecloth and placed on a drain 
table for whey drainage. After overnight drainage, the cheese is 
removed from the mold and packaged in salted whey (10-15% NaCI) 
or brine. Typical composition of Domiati cheese from bovine milk is 
55% moisture, 20% fat, 12.9% protein, 44.4% FDM and 4.9% salt 
(Abou-Donia, 1991). 

10.6 STARTER MICROORGANISMS FOR SOFT CHEESE 

Starter bacteria used in soft cheeses play important roles in the acid 
development during curd formation and syneresis. Activities of starter 
bacteria in addition to nonstarter bacteria, molds, yeast, smear flora, etc 
in specific varieties contribute to flavor development and unique char- 
acteristics of a specific variety. Also, starter and nonstarter lactic acid 
bacteria contribute to the preservation of some varieties through the 
activities of metabolites produced. The various starter types used in soft 
cheese manufacture, their characteristics and specific functions are dis- 
cussed below. 

10.6.1 Genus Lactococcus 

With the exception of Mozzarella and other Pasta Filata varieties, the 
acid-producing microorganisms involved in acid curd formation or 
in aiding rennet coagulation and syneresis of the curd, or in imparting 
the pleasant, clean lactic acid flavor belong to the mesophilic lactic 
acid bacteria grouped under the genus Lactococcus. These bacteria 
were formerly classified under the genus Streptococcus. Sherman 
placed them under the group lactic; serologically they fell under Lance- 
field group N. The dairy lactococci comprise one species, with two 
sub-species designations. The species name is Lc. lactis. The two sub- 
species are Lc. lactis ssp. lactis and Lc. lactis ssp. cremoris. Within the 
sub-species lactis are two types-citrate-negative (cit-) and citrate- 
positive (cit') Lc. lactis ssp. lactis. The citrate-positive sub-species are 
designated cit' Lc. lactis ssp. lactis (formerly, Lc. lactis ssp. lactis biovar. 
diacety lactis). 

Lactoccoci are ellipsoidal cocci found in pairs and in short chains. 
The original habitat of lactococci is plant or vegetable matter, but they 
are widely found in dairy environs, milk and dairy products. Lactococci 
thrive in the mesophilic temperature range and best growth of these 
bacteria is obtained under microaerophilic conditions. However, their 
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oxygen relationship is quite complex (Condon, 1987). Lactococci do not 
possess the cytochrome or terminal oxidase systems but they possess 
direct nicotinamide cofactor oxidase enzyme systems to directly trans- 
fer hydrogen from reduced cofactors to molecular oxygen. In certain 
cofactor regeneration reactions involving oxidases, direct transfer of H2 
to molecular O2 results in the formation of H202. Because lactococci 
lack catalase, the accumulation of H202 becomes toxic. Alternately, 
there is another cofactor oxidase system that results in the formation 
of non-toxic end products, namely, H 2 0  and 02. 

The lactococci are fermentative, and derive their bond energy by 
substrate level phosphorylation. Under normal conditions lactococci 
that are incapable of citrate metabolism, use hexose diphosphate 
(HDP) pathway for the fermentation of carbohydrates (lactose in 
milk). The citrate-metabolizing lactococci use the phospho-ketolase 
(PK) pathway to ferment carbohydrates. 

The mechanism for lactose utilization is significant in dairy technol- 
ogy. Lactose uptake is accomplished by phosphoenolpyruvte (PEP)- 
phosphotransferase system. In this system, lactose is phosphorylated 
and transported into the cell where another enzyme called phospho- 
P-galactoside galactohydrolase hydrolyzes the phosphorylated lactose 
into galactose and glucose-6-phosphate. The galactose is fed through 
other pathways for conversion to glucose derivatives, which are then 
fed into HDP or PK pathways. Details of the mechanisms of lactose 
fermentation in lactococci are given in recent reviews (Axelsson, 1998). 

The efficiency of lactose utilization in milk by lactococci is closely 
linked to their proteolytic system(s). Milk contains only trace amounts 
of amino acids, and simple organic nitrogenous compounds such as 
urea. To synthesize the enzymes involved in the fermentation of lactose 
in milk, the lactococci need proteolytic systems to produce amino acids 
from complex milk proteins (primarily, caseins). The proteolytic system 
of lactococci consists of cell wall and cell membrane-associated pro- 
teases, oligopeptide transport vehicles and intra-cellular peptidases. 
Thus, efficiency of metabolism of lactose depends on the efficiency 
of the proteolytic systems. For a more comprehensive review on the 
proteolytic systems in lactococci, see Axelsson (1998) and Law and 
Haandrikman (1997). 

The genetic and regulatory mechanisms for lactose utilization and 
related proteolytic function have been topics of intensive research. The 
lactose-utilization and proteolytic functions of lactococci are coded 
on relatively unstable genetic elements, namely, plasmids. In certain 
strains, both functions are coded on one and the same plasmid, and in 
others, on separate plasmids. Lactococci often display deterioration of 
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their lactose fermentative capacity, which is attributable to the insta- 
bility of plasmids. Hence, proper selection, propagation and careful 
handling of lactococcus starters are very important. 

The metabolic functions of lactococci are important in flavor gener- 
ation in soft cheeses. In very high moisture fresh cheeses, e.g., Cottage 
cheese and related varieties, diacetyl-a compound that imparts “fresh, 
nut-meat-like dairy” flavor-is highly desired. Diacetyl is produced 
from the fermentation of citrate in milk by cit’ Lc. lactis ssp. lactis. To 
enhance diacetyl flavor, milk or cream (used in the manufacture of 
Cottage cheese dressing) is fortified with citrate. The pathway for the 
conversion of citrate to diacetyl is very well understood. Understand- 
ing of a) the significance of pyruvate in diacetyl synthesis; b) the role 
of diacetyl reductase in the conversion of diacetyl to acetoin, together 
with the availability of methods to select mutants that favor the syn- 
thesis of the key intermediate, a-acetolactate, have offered immense 
possibilities in “engineering” high flavor-producing lactococci (Hugen- 
holtz, 1993; Hugenholtz et al., 1994). Metabolism of citrate by citrate- 
fermenting lactic acid bacteria is dependent on transport of citrate into 
the cell via a permease system. The permease system optimally func- 
tions below pH 6.0. Genetic coding for the permease enzyme is also 
found on a plasmid. 

Fermentation of citrate by citrate-fermenting lactococci starters also 
results in the generation of C 0 2  which plays an indirect role in enhanc- 
ing the quality of blue-veined mold ripened cheeses such as Blue cheese 
because internally generated COz promote mechanical openings 
between curd pieces that aid in the growth of I? roqueforti. Excessive 
gas production within Cottage cheese curds leads to floating curd cubes 
during the cooking of the cheese curd and causes improper, inadequate 
and non-uniform syneresis. This leads to inferior texture and, at times, 
matting of individual curd particles, which is undesirable. The citrate- 
fermenting lactococci produce significant amounts of C 0 2  (some 
strains producing excessive amounts) and relatively high concentra- 
tions of acetaldehyde. This results in a “yogurt-like green apple flavor.” 

10.6.2 Genus Leuconostoc 

Other closely associated microbial species that are used in starter mix- 
tures for soft cheeses belong to the genus Leuconostoc. The species 
associated with dairy starter cultures are Leuconostoc mesenteroides 
ssp. cremoris and Leuconostoc lactis. The dairy leuconostoc are mor- 
phologically relatively small, spherical cells in long chains. They are rel- 
atively inert in milk, and prefer mesophilic temperature range.They are 
more acid tolerant than the lactococci, and possess enzyme systems to 
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ferment citrate. Their citrate permease systems also have pH optima of 
<6.0. The permease is inducible; and unlike the citrate-fermenting lac- 
tococci (where citratase, the first enzyme in the breakdown of citrate, 
is constitutive), the citratase in leuconostocs is an inducible enzyme 
(Hugenholtz, 1995; Vedamuthu and Washam, 1983). The dairy leu- 
conostoc impart a clean, diacetyl flavor and produce relatively less COz 
than cit’ Lc. luctis ssp. luctis. The citrate-fermenting lactococci, on the 
other hand, produce significant amounts of C 0 2  (some strains produc- 
ing excessive amounts) and relatively high concentrations of acetalde- 
hyde, giving a “yogurt-like green apple flavor”. 

Leuconostocs exhibit high alcohol dehydrogenase activity. Alcohol 
dehydrogenase catalyzes the reduction of acetaldehyde to ethyl 
alcohol, thereby reducing “green” off-flavor resulting from excessive 
levels of acetaldehyde. Thus, leuconostocs are preferred in starter mix- 
tures for soft cheeses because their activities result in less gas produc- 
tion and clean, diacetyl flavor that is free from “greenness”. For a more 
comprehensive discussion of the role of leuconostocs in fermented 
dairy foods, see reviews by Vedamuthu (1994) and Dessart and 
Steenson (1995). 

Both &rate+ Lc. luctis ssp. luctis and dairy leuconostocs inhibit psy- 
chrotrophic bacteria such as Pseudomonus jluroscens, Pseudomonus 
frugi, other dairy spoilage pseudomonads, Alculigenes and Achro- 
mobucter spp. Their inhibitory action is due to the combined effects of 
metabolic byproducts such as lactic and acetic acids, diacetyl, C02  and 
other compounds, some of which may be “bacteriocin-like” peptides. 

Due to their high moisture contents, soft cheeses like Cottage cheese, 
Quarg, etc. are highly perishable. Psychrotrophic bacteria that enter 
the milk or cheese as post-pasteurization contaminants cause most of 
the spoilage. In creamed Cottage cheese, the dressing mixture may be 
cultured with selected strains of cit’ Lc. luctis ssp. luctis or Leuconostoc 
mesenteroides ssp. cremoris or a combination of both to serve a dual 
purpose of providing good diacetyl flavor and increased shelf life 
by inhibiting psychrotrophic bacteria. Patented procedures have 
been developed (Sing, 1976) for adding concentrated cells of flavor- 
producing bacteria (cit’ Lc. luctis ssp. luctis) to non-cultured chilled 
cream dressing just before mixing with the dry Cottage cheese curd for 
the purpose of flavor enhancement and to control the growth of psy- 
chrotrophic bacteria during refrigerated storage, and distribution 
through marketing channels. For special markets requiring low acid 
development or low flavor development without significant loss of psy- 
chrotroph-inhibitory properties, specific plasmid-cured derivatives of 
cit’ Lc. luctis ssp. luctis have been developed and patented (Gonzales, 
1984; 1986). 
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10.6.3 High Temperature Starter Genera-Streptococcus 
and Lactobacillus 

The manufacture of soft cheeses such as Mozzarella that are cooked to 
high temperatures (42-43°C) require thermo-tolerant lactic acid bac- 
teria because good acid production at the high temperatures is neces- 
sary for sufficient moisture (whey) expulsion. Starter for Mozzarella 
consists of S. therrnophilus, and any one of following: Lb. delhrueckii 
ssp. biilgaricus, Lb. delbrueckii ssp. lactis, or Lb. helveticus. Nath (1 993) 
reported that S. thermophilus is sometimes used in small amounts along 
with the lactococci, which form the major portion of the starter, in 
the production of other semi-soft and soft cheeses such as Brick and 
Limburger. 

Streptococcus therrnophilus is included in Sherman’s varidans group, 
but does not fall under any of the serological grouping of Lancefield 
(Mundt, 1986). In milk, pure cultures of S. thermophilus produce just 
enough acid to form a relatively weak coagulum. Optimal temperature 
for growth of S. thermophilus is between 35 and 42°C. In milk cultures, 
the cells are spherical and found in long chains. On solid laboratory 
media, and under stressful growth conditions, the cells are elongated 
and can be mistaken €or rods. Streptococcus thermophilus possess a p- 
galactoside permease that transports lactose into the cell. In the cell, 
lactose is hydrolyzed by P-galactosidase into glucose and galactose. The 
glucose moiety is metabolized through the HDP pathway. The galac- 
tose moiety is not metabolized by S. thermophilus and is excreted out 
of the cells. Streptococcus thermophilus strains are weakly proteolytic 
but possess urease activity. Thus, they can actively hydrolyse urea in 
milk to yield NH, and C02.  The ability of S. thermophilus to furnish 
CO, and amino acids plays an important role in its symbiotic growth 
in milk with lactobacilli-especially, Lb. delbrueckii ssp. bulgaricus 
(Vedamuthu, 1991; vonWright and Sibakov, 1988). For a comprehen- 
sive review on 5’. therrnophilus, see Mercenier (1990) and von Wright 
and Sibakow (1998). 

The lactobacilli are rod-shaped bacteria. Their physiology and gen- 
etics have been reviewed recently (Arihara and Luchansky, 1995). Lac- 
tohacillus species used as starters are quite heat tolerant, and grow in 
milk at optimal temperatures of 43-46°C. Additionally, lactobacilli are 
very acid tolerant and produce high titratable acidity in milk. For rapid 
rate of acid production in milk, symbiotic growth with S. thermophilus 
is necessary. In the U.S. cheese industry, mixed cultures containing sym- 
biotic Lh. clelbrueckii ssp. bulgaricus and S. thermophilus are referred 
to as “rod-coccus ” combinations. Lb. delbrueckii ssp. bulgaricus gener- 
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ally use P-galotosidase to breakdown lactose, although some species 
also express phospho-P-galactoside galactohydrolase enzyme in addi- 
tion to P-galactosidase. Lactobacilli prefer strictly microaerophilic 
conditions. Lb. delbrueckii ssp. bulgaricus also cannot use galactose, 
which is expelled out of the cells. Lb. helveticus, on the other hand, can 
metabolize galactose. 

The pizza industry in the U.S. prefers that shredded Mozzarella 
or pizza cheese used on pizza topping show minimal browning when 
baked. The presence of residual galactose in cheese enhances brown- 
ing of cheese on baked pizza. As a result, some cheese manufacturers 
prefer starters containing Lb. helveticus instead of Lb. delbrueckii ssp. 
bulgaricus. For more details on rod-coccus cultures, the reader should 
refer to recent reviews (Zourari et al., 1992; Oberg and Broadbent, 
1993). 

10.7 BACTERIOPHAGES OF STARTER BACTERIA 

One the major obstacles to successful cheese manufacture is the infec- 
tion of starter bacteria by bacterial viruses or bacteriophages. Bacte- 
riophages (or phages) can disrupt cheesemaking in several ways. In 
extreme cases, these infective viruses destroy (or lyse) starter bacteria 
causing cessation of acid production, resulting in what is called a “dead 
vat”. Such a drastic effect occurs when the infection is massive, and the 
phage numbers or titer is quite high, usually greater than 100,000 
plaque-forming units per ml (pfu/ml) of whey. A reduction in the rate 
of acid production disrupts production schedules. Disruption of pro- 
duction schedules result in overtime wages for production personnel. 
Also, slow acid production caused by phage usually leads to quality 
problems in the finished cheese, and may also allow pathogens to grow 
or permit enterotoxin formation in the cheese. The overall effect is 
severe economic loss to the cheese industry. 

Phages for lactococci have been extensively studied and reviewed 
(Allison and Klaenhammer, 1998). Their morphology, structural units 
(i.e., their protein coat and tail organization), and their DNA have been 
characterized. A classification system based on their serology has been 
described. The most commonly encountered phages in cheese industry 
in the Western Hemisphere belong to groups known as 936 (small iso- 
metric heads), C2 (prolate headed) and 335 (small isometric heads). 
The last mentioned group includes newly emerging, virulent phages 
that show unique evolutionary mechanisms involving exchange of 
DNA sequences from host cell genome. 
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The mechanism of infection, factors associated with infective process 
(e.g., cofactor requirements), the growth cycle and host range of lac- 
tococcal phages are well documented. The inherent phage resistance 
mechanisms found among lactococci have been studied and exploited 
to derive phage resistant derivatives of starter strains. Resistance mech- 
anisms involve alteration of phage attachment sites (i.e., prevention of 
the entry of phage DNA), restriction-modification (R/M) systems 
(i.e., destruction of injected phage DNA), and abortive infection 
mechanisms (disruption of phage assembly). All of these systems 
are coded on piasmids, although there could be instances where the 
information may be located on the genome. These systems have 
been cloned, transferred, and functionally expressed within the dairy 
lactococci, as well as in species belonging to a closely related genus, 
Streptococcus. 

Efficient control of phages in a manufacturing plant can be achieved 
by using various commercially available phage inhibitory media (PIM) 
for starter propagation in addition to maintaining proper sanitation and 
positive air pressure. The PIM are based on the chelation of divalent 
cations, especially Ca2’ and Mg2+, which are vital for phage attachment 
to host cells. Various plant, air handling and equipment design features, 
and sanitation practices have also been developed to control phage- 
related failures in cheese plants. For details of methods for control- 
ling phage in a dairy processing plant, see Sandine (1979) and Nath 
(1993). 

Phages for thermo-tolerant starter lactic acid bacteria have not been 
as extensively studied as those for the dairy lactococci. The effects of 
phage infection of rod-coccus mixtures during cheesemaking are not as 
dramatic or disruptive as what happens with the lactococci. Reddy 
(1974) reported that in many cases, when the coccus component is 
lysed, the lytic products stimulate acid production by the rod cultures 
and vice versa. However, the cheese industry is plagued with disrup- 
tions caused by phages infecting rod-coccus cultures. Many of the S. 
thermophilus phages are capable of infecting their hosts even in the 
absence of Ca” ions, and in some instances, Mg2+ ions could substitute 
for calcium ions in phage adsorption. Specially formulated PIM have 
been developed and marketed for the thermo-tolerant starters. Phage 
inhibitory media designed for lactococci are unsuitable for rod-coccus 
cultures. High phosphate concentrations used in PIM for lactococci 
inhibit the normal and vigorous growth of rod-coccus cells. PIM for 
rod-coccus cultures have lower phosphate content, substitute chelators 
like citrates, and stimulants to ensure unimpeded growth of these 
bacteria. 
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The detection and enumeration of rod-coccus phages are more dif- 
ficult, and special techniques and media have been described to study 
these phages (Reddy, 1974). Recently a classification system for S. ther- 
mophilus phages has been proposed. Host range studies using a fairly 
large collection of host coccus strains and phages received from widely 
separated geographical areas have been reported (La Marrec et al., 
1997). Phage resistance systems among S. thermophilus strains have 
also been reported. A report documenting the expression of a lacto- 
coccal restriction-modification (R/M) system in a S. thermophilus strain 
has been published. More information on phages infecting rod strains 
is now available. For a review on phages infecting starter lactic acid 
bacteria, see Allison and Klaenhammer (1998). 

10.8 ASSOCIATED MICROBIAL FLORA OR 
SUPPLEMENTARY MICROBIAL STARTER FLORA 

Microorganisms added for flavor generation include molds, yeast and 
bacteria. Typically, they do not play a significant role in acid production 
leading to curd formation or syneresis. Pure cultures of molds used in 
soft cheeses, contribute to the unique flavor of the cheese variety. 

In soft cheese varieties like Camembert, mold (f? camemberti and 
(or) P caseicolum) growth is only on the surface of the cheese. Spore 
suspensions or broth cultures of the molds are inoculated on the surface 
of the cheese using a soft brush or cheesecloth soaked in the spore sus- 
pension or broth culture. After inoculation the cheeses are placed on 
wire racks, and periodically turned to get an even, fuzzy white mycelial 
growth over the entire surfaces of cheeses. Some cheesemakers do not 
inoculate the cheese with spores or broth culture but rely on natural 
acquisition of the mold from the wire racks on which cheese is stored. 
The latter approach is, however, not a good practice because the inoc- 
ulation may be uneven and spotty, and unwanted contaminant molds 
may also develop on the cheese. During curing, the brittle, white grainy 
raw curd is changed to soft, smooth translucent cheese. Too long a 
ripening would result in a runny consistency. The cheese develops a 
slightly fruity, mushroom-like flavor at the end of curing. For a more 
comprehensive review on the role of molds in the ripening and flavor 
development, see Shaw (1981), Law (1982), Johnson (1998), and Nath 
(1993). 

Brick, Limburger and Port du Salut represent a class of soft cheeses 
that are ripened exclusively by smear flora. Smear flora also play a 
minor role in the curing of other soft cheese varieties like Camembert, 
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Brie, Munster, Be1 Paesa, etc. The smear flora includes bacteria, yeasts 
and molds. However, the predominant bacteria in the smear are B. 
linens and Micrococcris spp. 

Brevihacterizirn linens cells are very short, Gram-positive rods that 
occur singly. On solid surfaces like agar plates or on cheese, these bac- 
teria produce orange-red growth. B. linens is aerobic, and grows well 
within a wide temperature range (7-32”C).A unique feature that favors 
the dominance of B. linens in the smear is its salt-tolerance. B. linens 
can grow well in medium containing 15% salt. Surface ripened cheeses 
are sometimes first placed in a cooler held at 8-10°C, where they are 
rubbed with dry dairy salt over a two-day period. During this time the 
salt concentration is quite high on the surface of the cheese, setting a 
steep concentration gradient from the outside to the interior of the 
cheese loaf. The salt gradually migrates to the interior. After the salting 
is complete, the smear is applied, and the cheeses are moved into the 
curing room. The high salt concentration provides a selective environ- 
ment for the “desired and necessary” smear flora. Another widely prac- 
ticed procedure is to hold the cheese immersed in chilled saturated salt 
brine for a day, and after draining off excess brine, the smear is applied 
and the cheese moved into the curing room. Symbiotic relationship 
between B. linens and smear yeasts has been observed. R. linens has 
very strong proteolytic systems, and contribute to strong odors and 
flavors associated with surface smear ripened cheeses. Lately, there has 
been considerable interest in using these organisms as a supplementary 
starter to improve the flavor of low-fat hard cheeses, where greater 
intensity of flavor is needed to be comparable in flavor to full-fat 
cheeses. The renewed interest has resulted in intensive research on 
their proteolytic enzymes, and related functions. Recent reviews of the 
subject can be found in Rattray and Fox (1999). 

The other predominant bacteria in the smear belong to the genus 
Micrococcus. The micrococci are Gram-positive, spherical bacteria 
occurring as single cells or pairs or clumps. They are aerobic and 
oxidative. Micrococci are also quite salt tolerant (can grow in media 
containing 10%) and thermoduric. They grow well at mesophilic 
temperature range. Many micrococci produce pigmented colonies with 
colors ranging from yellow to deep red. Micrococci produce both pro- 
teolytic and lipolytic enzymes, but their lipolytic activities are generally 
weak. Three micrococci, namely M. varians, M .  caselyticus, and M. 
freiidenreichii (some of the species are not recognized in current bac- 
terial taxonomy) may be found in smear microflora (Johnson, 1998). 

Yeasts found in the smear also contribute to the enzymatic pool 
involved in flavor development. Geotrichum candidurn, one of the 
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species in the mixed flora, produces a lipase that is very active against 
milk fat. Other yeasts include Cundida spp. and the pinkish-pigmented 
Debvamyces spp. The yeasts metabolize lactic acid in the cheese, and 
raise the pH of the microenvironment in the area adjacent to the 
surface, and allow good growth and metabolic activities of the bacteria 
in the smear. Additionally, the lysis of yeast cells liberates vitamins and 
amino acids, which stimulate the bacteria, and provide flavor precur- 
sors. Yeast metabolism yields alcohols, esters etc. which may contribute 
to the overall flavor in surface ripened soft cheeses. In addition to 
yeasts, in certain systems, some molds may also be associated with the 
smear flora. Although the individual contribution, and the exact role of 
the different microbial species to the flavor is unknown, the importance 
of this microbial community occupying this unique ecological niche, in 
the collective generation of the flavor(s) unique to surface ripened soft 
cheeses is well established. The role of smear flora in semi-soft and soft 
varieties is discussed in Olson (1969). 

10.9 MICROBIAL SPOILAGE OF SOFT CHEESE 

The relatively high moisture content of soft cheeses makes them easily 
susceptible to microbial spoilage. To lengthen shelf life, dry Cottage 
cheese curd, Feta and Domiati are held in cold brine until ready to sell. 
The high salt content of brine and its dehydrating effect provide a few 
more days of shelf life. The best way to ensure good shelf life of soft 
cheeses is to observe strict sanitary practices throughout the manu- 
facturing steps, and post-manufacture handling. For example, during 
Cottage cheese manufacture, it is important that all the equipment used 
be properly cleaned and sanitized. This is especially important with dial 
thermometers, knives, agitators, paddles, scoops or any equipment or 
utensil that come into contact with the milk or cheese. After the whey 
is removed, the curd is washed with chilled water to remove excess 
lactose and to harden the curd thereby preventing shattering during 
later operations. The quality and the pH of the water used for washing 
the curd are very important. The water should be of potable quality, 
and pH preferably slightly acidic or neutral. Hard water or water with 
an alkaline pH is unacceptable. When well water is used, the micro- 
biological quality of the water should be monitored closely. Coliforms 
and psychrotrophic bacteria are of major concern in Cottage cheese. 
To ensure destruction of any contaminants that may have inadvertently 
entered the cheese vat, or carried through the wash water, the wash 
water is chlorinated to give Sppm available chlorine. If the water is 
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alkaline, food-grade acids such as phosphoric or citric are used to adjust 
the pH to slightly acidic values ( IpH 6.5), so that the chlorine will be 
effective.The use of citric acid to adjust the pH not only helps the effec- 
tiveness of chlorine, but also provides some precursor for diacetyl syn- 
thesis after the dressing is added. Further chances for contamination 
occur during the mixing of the dressing and filling. Because of intricate 
working parts, fillers are difficult to clean, and they are often the source 
of psychrotrophic flora. The individual parts of fillers should be disas- 
sembled after each use and hand brushed to remove residual curd 
particles, milk components, etc. Equipment should be periodically 
examined with a black light (UV light) to detect milk stones and should 
be treated with acid cleaner to remove such films. The filler lines, bowls 
and filler ports, valves, or pistons should be treated with scalding water 
flush followed by a light chlorine rinse just before filling the cheese. 
Another source of psychrotrophic contamination is dripping conden- 
sate from cold overhead pipes. Condensate drippings could fall into 
open vats where dressing is mixed with the curd, or into open filler 
bowls. Sometimes aerosolization of water sprayed from high-pressure 
water lines used to clean spills on the floor during filling operation also 
introduces contaminants into the product. 

Psychrotrophic bacteria of major concern are Pseudomonas spp., 
Alcaligenes spp., Achromobacter spp. and Flavobacteriurn spp. These 
are Gram-negative rods, that are aerobic and are easily destroyed by 
pasteurization and cooking temperatures used for Cottage cheese man- 
ufacture. ‘fheir presence indicates post-manufacturing contamination. 
Among the pseudomonads, l? fluorescens, l? fragi and F! putida are 
important. All these species grow rapidly at normal refrigeration tem- 
perature (-7°C) used in the dairy industry.These bacteria produce very 
active proteolytic and lipolytic enzymes. They cause bitterness, putre- 
factive and rancid odors, liquefaction of curd particles, gelatinization 
of curd (white, opaque curd turning translucent), slimy, mucous ap- 
pearance of the curd surface, and rancidity. Pseudomonas fluorescens 
also causes discoloration because of the formation of water-soluble flo- 
rescent pigments (which glow under UV light). Other pseudomonads 
also discolor cheese surface as the casein is hydrolyzed, causing dark- 
ening or yellowing of the curd. Pseudomonads and other psychrotro- 
phic Gram-negative bacteria have strong diacetyl reductase enzyme, 
which reduces diacetyl to acetoin and other reduction products, there- 
by causing loss of desirable flavor. Alcaligenes viscolactis produces 
ropiness and sliminess in Cottage cheese. Alcaligenes metacaligenes 
reduces diacetyl flavor resulting in “flat, flavorless” Cottage cheese. The 
flavobacter produce yellow flavin pigments that discolor cheese. 
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The occurrence of psychrotrophic Bacillus spp. is of concern. These 
bacilli are Gram-positive spore-forming rods that survive pasteuriza- 
tion. Their presence in Cottage cheese results in bitterness and other 
proteolytic defects. Some species can produce dark pigments, and B. 
cereus strains can cause food poisoning. 

Other psychrotrophic bacteria of importance in Cottage cheese 
spoilage are yeasts and molds. Yeasts often form yellow, orange or pink 
colonies on the surface of cottage cheese.They also induce yeasty fruity 
off-flavors and gassiness. Because molds are very aerobic, they are gen- 
erally found on the surface of cheese or on the underside of package 
lids. Molds form fuzzy, pigmented colonies (black, green or dark brown) 
on the cheese surface. They impart a musty, moldy odor and produce 
discoloration, and liquefaction of the curd due to their powerful pro- 
teolytic enzymes. Yeasts and mold generally enter Cottage cheese as 
contaminants from the air, or improperly stored (dusty) containers 
used for packaging the product. In many dairy plants the packaging 
room is designed to have positive air pressure with laminated airflow 
through HEPA (high efficiency particulate air) filters. To prevent fungal 
contaminants from packaging materials, it is necessary to store con- 
tainers and lids in closed boxes (especially, partially used boxes) in a 
cool, dry area. 

Preservatives--“natural” and chemical-are also used to control 
psychrotrophic spoilage. The commonly used preservatives are propio- 
nates and sorbates to control yeasts and molds. The levels added are 
regulated in the U.S. and many other countries. A “natural” dried, fer- 
mentation product using Propionibacteriurn freudenreichii marketed 
under the trade name MicroGARDTM, is widely used in the U.S. to 
control Gram-negative psychrotrophs, yeasts and molds in Cottage 
cheese. The propionate and acetate in the fermentate, as well as an 
undefined “bacteriocin-like” compound in the fermentate are consid- 
ered to be the active components. There are other similar “natural” 
commercial preparations. Also, live cultures of Leuconostoc spp. and 
cit’ Lc. lactis ssp. lactis are used to control psychrotrophic bacteria. A 
direct C 0 2  injection of the dressing is also promoted for controlling 
psychrotrophs (Kosikowski and Mistry, 1997). Psychrotrophic Gram- 
negative bacteria and molds are quite aerobic, and saturation of the 
cream dressing with carbon dioxide exerts a suppressive effect. To 
control psychrotrophic Bacillus spp. the use of low acid producing, nisin 
(a bacteriocin) ex-creting Lc. lactis ssp. lactis strain in Cottage cheese 
dressing is suggested. The use of tamper-proof sealed packaging for 
Cottage cheese precludes the use of gas-generating cultures or C 0 2  sat- 
uration of cream dressing because of bloating or bulging of containers 
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caused by interior gas pressure especially with some temperature ahuse 
during distribution. 

In soft cheeses (e.g., Camembert) that are cured by promoting ex- 
ternal mold growth external contaminant molds sometimes appear. 
t’enicilliztm roque,forti is a common contaminant. Spots of green to blue 
mycelia in the mass of white mycelial growth of Penicillium camemberti 
indicate such contamination. Kosikowski and Mistry (1 997) suggest the 
use of a high dosage of P camemberti and (or) P caseicolum spores, 
and periodic cleaning and fumigation of cheese curing rooms, manu- 
facturing premises, and equipment to control unwanted molds. Some- 
times, a black mold, Mucor rusrnusen, also causes chronic discoloration 
problems in Camembert cheese. The addition of more salt, strict sani- 
tation and fumigation will control M .  rusmusen, but the mold tends to 
reappear off and on. The surface of Camembert cheese also supports 
limited growth of some of the smear bacteria (especially, B. linens) that 
helps to develop full flavor. Excessive growth of contaminating smear 
bacteria may cause over ripening, and ammonia off-flavors. 

Defects caused by microorganisms in smear surface-ripened cheeses 
(e.g., Brick cheese) have been reviewed (Olson, 1969). When the pH of 
Brick cheese gets below 5.0, good smear development is retarded as 
growth of B. linens is inhibited at pH values below 5.0. In cheeses that 
are too acidic, flavor development is poor because of little or no smear 
flora. The use of lactococci solely as starter in Brick cheese manufac- 
ture may lead to poor smear development as lactococci are active at 
low temperatures during later stages of whey draining and curing, thus 
lowering the pH below 5.0. To prevent excessive acid development, the 
curd is washed after whey drainage to remove excess lactose. Inclusion 
of S. thermophiliis to partially replace lactococci helps reduce over- 
acidification because the “cocci” do not produce as much acid, and as 
rapidly as lactococci. Also, the “cocci” do not grow or metabolize 
lactose as well as lactococci at low temperatures. The presence of too 
many enterococci also results in excessive acidity (enterococci grow 
well at low temperatures) and bitterness. Fruity, fermented and metal- 
lic flavors are attributed to anaerobic spore-formers, which also induce 
“late gas openings” in the cheese. Bacillus polymyxa is reported to 
produce “early gas defects”. Mold contamination in the smear induces 
body and flavor defects. Proper pasteurization of cheese milk, care in 
the selection and propagation of starters, good sanitation in the cheese 
plant and proper manufacturing procedures are important in prevent- 
ing microbial-induced defects. 

Other high-moisture whey cheeses like Ricotta are easily perishable. 
The high moisture can allow any contaminants found in the cheese 
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to multiply rapidly and cause spoilage. Therefore, proper sanitation, 
good packaging and refrigeration are mandatory for such cheeses. 
For Mozzarella and other pasta filata varieties, selection of proper 
starter strains (“rod-coccu~~~ and lactococci) is important to obtain 
good rheological and melting properties in the cheese. The stretching 
and flowing properties of the cheese used in pizza are not only depen- 
dent on the manufacturing processes, but also on the proteolytic and 
acid forming capabilities of the starter bacteria. Browning or darken- 
ing of cheese on pizza during baking is directly related to the removal 
of sugar by starter bacteria. Some of these aspects were discussed 
earlier in this chapter. 

Other defects result from mold contamination. Also, surface defects 
may be caused by bacterial contamination from brine tanks that are 
not properly maintained (i.e., lack of circulation, failure to maintain 
proper salt level in the brine, improper temperature control, lack of fil- 
tration through screens during circulation to remove cheese particles 
and scum that may collect on the brine surface). Defects of Mozzarella 
and other Italian cheese varieties have been discussed by Reinbold 
(1963). 

10.10 PATHOGENIC MICROFLORA IN SOFT CHEESE 

The microbiological safety of cheeses has been recently reviewed 
(Johnson et al., 1990). The prevalence of pathogenic microorganisms in 
soft cheeses depend upon the quality of milk used, heat treatment of 
milk, general sanitation in the cheese plant, quality of starters, occur- 
rence of phages, cheese handling procedures, temperature of holding 
at the plant, during transport and through marketing channels. Because 
of the relatively higher moisture levels in soft cheeses, they provide a 
favorable environment for the growth of pathogens. Generally, in soft 
cheeses made from pasteurized milk, unless the cheese is handled care- 
lessly, there is not much danger of heavy pathogenic contamination. 
However, recently there have been more than a few reports of cheese 
borne food infections, and food poisoning cases reported. Many such 
outbreaks have been associated with L. rnonocytogenes. In a few cases 
there have been fatalities associated with cheese-borne listeriosis. 
Mexican-style white soft cheese (Queso Fresco) has been implicated 
in some of these outbreaks (Johnson et al., 1995). In France, listeriosis 
was associated with Brie cheese. Another report from Switzerland 
implicated another ripened soft cheese. Listeria monocytogenes is 
Gram-positive rod shaped bacterium that is psychrotrophic, fairly 
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heat-tolerant, widely distributed in dairy farms, and frequently found 
in raw milk. In dairy plants they are found in drains, floor conveyer 
belts, crates etc. Some strains survive pasteurization, and adapt to acidic 
environments. Because of their psychrotrophic nature, listeria grows 
well during refrigerated storage. The occurrence of L. monocytogenes 
in soft cheeses could be controIled by regular environmental monitor- 
ing of the cheese plant coupled with assaying for listeria regularly in 
incoming raw milk and materials going into the cheese vat, proper pas- 
teurization, and strict sanitation in every step of the process. The 
numbers of listeria can also be controlled in cheeses by using “natural” 
preservatives such as bacteriocins that are inhibitory to these bacteria. 
Examples are pediocins (bacteriocin produced by Pediococcus spp. 
and other lactic acid bacteria), and nisin. Pediocins are very effective 
against listeria, more so than nisin. These bacteriocins are more effec- 
tive in acidic pH range than at neutral or alkaline pH range, are easily 
bound up by protein and fat, and can be hydrolyzed and inactivated 
by any proteolytic enzymes that may be present. Glass et al. (1995) 
reported differences in the efficacies of different organic acids and a 
bacteriocin type product in the control of L. nzonocytogenes in Queso 
Blanco-type cheese. 

Escherichia coli serotype 0157: H7, which is widely found in raw 
milk is a pathogen that has recently caused a lot of concern. These bac- 
teria have been found to exhibit unusual heat and acid tolerances, and 
have a very threatening potential to cause serious cheese-related food 
infections and fatalities. E. coli has been implicated in several cases 
of food poisoning resulting from the consumption of French Brie and 
Camembert in the 17,s. and Scandinavia (D’Aoust, 1989). 

Raw milk soft cheeses may potentially carry different Salmonella 
strains. Salmonella have been implicated in food-borne illness result- 
ing from the consumption of Vacherin in Switzerland, French Brie and 
Camembert in Scandinavia (D’Aoust, 1989). Because salmonella are 
enteropathogens that cause serious food infections and raw milk often 
contains salmonellae, careful monitoring of raw milk supply and plant 
personnel for “healthy carriers”, strict sanitation, active starters, and 
good refrigeration are necessary to combat these pathogens. Cit’ Lc. 
Iactis ssp. Iactis have been reported to inhibit salmonellae in broth, 
agar and cheese systems (Daly et al., 1972; Vedamuthu et al., 1966). 
Addition of high numbers of selected, low acid producing strains (for 
example, cured of lactose-plasmid) of these bacteria to cheese milk may 
be beneficial. 

Another pathogen of concern is enterotoxigenic Staphylococcus 
aureus. S. aweus  is a Gram-positive coccus that occurr singly or in 
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clumps. It is salt tolerant and can grow in systems containing 10% NaC1. 
It can also grow at relatively low water activity (A, - 0.86). S. aureus 
can produce heat-stable enterotoxin in neutral and low acid systems 
(pH > 5.0). Growth of S. aureus in food does not cause any perceptible 
changes in appearance, smell or taste. The preformed toxin in the food 
causes intoxication with symptoms appearing within 2-4 h. Symptoms 
of S. aweus food poisoning consist of abdominal cramps, vomiting, diar- 
rhea, sometimes sweating and exhaustion that last for a very short time. 
Because of their ability to grow at relatively low A, and at high NaCl 
concentrations, the potential for toxin production in low acid soft 
cheeses exists. Therefore, good sanitation among plant workers, general 
sanitation in cheese plant, effective refrigeration, the use of active 
starters and good packaging are important in preventing S. aweus- 
related food poisoning. 

The growth of Clostridium botulinum and its toxin production in 
some cheese varieties can lead to the outbreak of botulism. In France 
and Switzerland in 1974, the outbreak of botulism was attributed to the 
consumption of Brie cheese containing botulinal toxins (Johnson et al., 
1990). Recently, Franciosa et al. (1999) analyzed 1017 Mascarpone 
cheese samples in Italy and found that 32.5% were positive for botuli- 
nal spores. Growth requirements for C. botulinum include a low-oxygen 
atmosphere and minimum temperature, pH and A, of 10"C, 4.6 and 
0.93, respectively, for proteolytic strains and 3.3"C, 5.0, and 0.97 for non- 
proteolytic strains. 

There is a potential for mycotoxin formation in some of the mold- 
ripened cheeses, but so far the level of mycotoxins found in various 
kinds of cheeses have not been of much concern. Generally, there have 
been very few disease outbreaks caused by the ingestion of cheese. If 
the use of high quality raw materials, proper sanitation, proper adher- 
ence to established cheesemaking procedures, use of active starter cul- 
tures, proper concentration of salt application, immediate and effective 
refrigeration at various stages of manufacture and distribution, and 
sound packaging are practiced, pathogens could be effectively con- 
trolled and kept out of soft cheeses. For a comprehensive discussion of 
public health concerns pertaining to dairy products, the reader should 
consult the review by Ryser (1988). 
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CHAPTER 11 

MICROBIOLOGY OF HARD CHEESE 
TIMOTHY M. COGAN and THOMAS P. BERESFORD 
Dairy Products Research Centre, Teagasc, Fermoy, County Cork, Ireland 

11 .I INTRODUCTION 

It is generally believed that cheese-making developed around the Tigris 
and Euphrates rivers in Iraq around 8000 years ago when the first 
animals (probably sheep and/or goats) were domesticated. Until the 
end of the eighteenth century, cheese-making was a farmhouse or 
artisanal skill. The first industrial cheese-making plant in the United 
States was opened in Rome, New York in 1851, and the first one in the 
United Kingdom was opened in Langford, Derbyshire in 1870. Today, 
cheese is made all over the world but especially in Europe, North 
America, Australia, and New Zealand. Annual worldwide production 
of cheese is -15 x 106 tonnes in which -35% of the total amount of 
milk produced is used. Cheese is mostly made from cow’s milk, but 
sheep’s, goat’s, and water buffalo’s milk is also used. Production of 
sheep’s milk cheese is particularly high in Mediterranean countries and 
in Portugal. 

Cheese is essentially a microbial fermentation of milk by selected 
lactic acid bacteria whose major function is to produce lactic acid from 
lactose, which, in turn, causes the pH of the curd to decrease. The final 
pH after manufacture ranges from 4.6 to 5.3, depending on the buffer- 
ing capacity of the curd. A reduction in the moisture content of the milk 
(dehydration) also occurs during cheese-making from an initial value 
of -88Y0, in the case of cows’ milk, to 550°/0. In all hard cheeses and, 
indeed, in most other cheeses, an enzyme called rennet or chymosin, 
originally from the abomasum of the calf but now produced mostly by 
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fermentation, is used to coagulate casein, the major milk protein. Other 
coagulants-for example, pepsin from various sources and extracts of 
cardoon flowers, especially in Iberian cheeses-are also used. 

Essentially there are seven key steps in cheese-making: 

- Addition of lactic acid starter bacteria and coagulant 
* Coagulation followed by cutting the curd 
- Cooking to temperatures from 32°C to 54"C, which, together with 

- Separation of the curds and whey 
- Molding and pressing the curd at low (soft cheese) or relatively 

- Salting or brining 
- Ripening at temperatures of 6°C to 24°C to allow the characteris- 

acid production, assist expulsion of whey from the curd 

high (hard cheese) pressure 

tic flavor and texture to develop 

Most cheeses are brined after pressing, but Cheddar is an exception; 
it is dry-salted and milled before being pressed. 

Originally the primary objective of cheese manufacture was to 
extend the shelf life of milk and conserve its nutritive value. This was 
achieved by either acid production and/or dehydration. While all acid- 
coagulated cheeses are consumed fresh, most rennet-coagulated cheese 
undergo a period of ripening which can range from about 3 weeks for 
Mozzarella to 2 years or more for Parmesan and extra-mature 
Cheddar. Cheese ripening is a complex process involving a range of 
microbiological and biochemical reactions. High densities of microor- 
ganisms are present in cheese throughout ripening, and they play a sig- 
nificant role in the manufacturing and ripening process. In this chapter 
the microbiology of hard cheeses will be considered emphasizing prin- 
ciples, which can be applied to all cheeses; what happens in individual 
cheeses will be used as examples to highlight important points. In the 
interests of saving space, reviews rather than the original literature 
will be cited wherever possible; the reviews should contain the original 
references. 

11.2 STARTER BACTERIA 

The microflora of cheese may be divided into two groups: starter lactic 
acid bacteria and secondary microorganisms. Starter lactic acid bacte- 
ria are involved in acid production during manufacture and contribute 
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to the ripening process. Secondary microorganisms do not contribute 
to acid production during manufacture but play a significant role during 
ripening. The secondary microflora consist of (a) nonstarter lactic acid 
bacteria (NSLAB), which grow internally in most cheese varieties, and 
(b) other bacteria, yeasts, and/or molds, which grow internally or exter- 
nally and are usually unique to the specific cheese variety. A list of the 
most important bacteria that are found in cheese, along with their 
major functions, is shown in Table 11.1. 

Basically, two types of starter bacteria are used in cheese-making: 
thermophilic with optimum temperatures of -42°C and mesophilic, 
with optimum temperatures of -30°C (see Chapter 1 in this volume). 
They are invariably lactic acid bacteria (LAB) and are usually delib- 
erately added to the milk at the beginning of cheese-making. However, 
in some cheese-for example, Pecorino Sardo (from Sardinia) and 
Majorero (from Spain)-starters are not deliberately added to the 
milk. Instead, the cheese-maker relies on adventitious lactic acid bac- 
teria, which are naturally present in the cheese milk, to grow and 
produce the necessary acid during cheese manufacture. Mesophilic cul- 
tures are used in the production of Cheddar, Gouda, Edam, Blue, and 
Camembert, while thermophilic cultures are used for hard cheeses such 
as Emmental, Gruykre, ComtC, Parmigiano Reggiano, and Grana 
Padano, which are cooked to high temperatures (50-55°C). The starter 
bacteria are members of the genera Lactococcus, Lactobacillus, Strep- 
tococcus, Leuconostoc, and Enterococcus. 

The primary function of the starter bacteria is to produce acid during 
the fermentation process. They also provide a suitable environment, 
with respect to redox potential, pH, moisture, and salt contents, to allow 
enzyme activity from the chymosin and starter (along with growth of 
the secondary flora) to proceed favorably in the cheese. Their enzymes 
are involved in the conversion of protein and fat into amino acids and 
fatty acids, repectively, from which the flavor compounds are produced 
(Urbach, 1995; Fox and Wallace, 1997). The starters are either (a) pre- 
grown in milk, whey, or phage inhibitory media or (b) added directly 
to the milk as frozen or freeze-dried concentrates. The initial number 
of starter cells in the milk depends on the inoculation rate appropriate 
to the cheese being made and ranges from los to 107cfu/ml of milk. The 
starter bacteria grow during manufacture and typically attain numbers 
of 109cfu/g 24h from the addition of the starter to the milk. 

Defined cultures consisting of two or more strains of Lactococcus 
Zactis are generally used to make Cheddar cheese. Streptococcus ther- 
mophilus may be used as an adjunct culture. Undefined mixed-strain 
mesophilic cultures are also used to some extent. These contain several 
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strains each of Lc. l a d s  and Leuconostoc spp., but the exact number is 
not known (see Chapter 1 in this volume). Undefined or mixed-strain 
thermophilic cultures are used in the production of Comt6, Emmental, 
and Grana cheeses of France, Switzerland, and Italy. These cultures are 
generally produced by incubating whey from the previous day's pro- 
duction overnight at 40-45"C.The flora is composed primarily of S. ther- 
mophilus (though enterococci, lactococci, and leuconostocs may also 
be present) and several species of lactobacilli, including Lactobacillus 
helveticus, Lacto bacillus delbrueckii, Lactobacillus acidophilus, and Lac- 
tobacillus fermenturn. A similar natural whey starter containing ther- 
mophilic LAB is used to make Parmigiano Reggiano, a hard, cooked 
cheese from Northern Italy. This starter consists primarily of undefined 
strains of Lc. helveticus (75 Yo) and Lc. delbrueckii ssp. bulgaricus 
(25 %); however, their precise composition is uncontrolled and signifi- 
cant variations at strain level are likely to occur (Coppola et al., 1997; 
Nanni et al., 1997). 

11.3 GROWTH OF STARTERS DURING MANUFACTURE 

Early in the manufacture of most cheeses a coagulum, called curd, is 
formed as a result of chymosin activity on casein. The coagulum is sub- 
sequently cut into different size particles, depending on the type of 
cheese being made. The curds then begin to expel whey and contract 
(this is called syneresis) at a rate that is dependent on the size of the 
particle, the rate of stirring, the rate of acid production by the starter, 
and the temperature. Whey expulsion results in a reduction in the water 
content within the curd particle. Small curd particles, rapid rates of stir- 
ring, and high temperatures promote syneresis, whereas lower rates of 
acid production, slow rates of stirring, and low temperatures retard it. 
Acid production or, more precisely, the decrease in p H  also promotes 
syneresis of the curd and expulsion of the whey. Most of the starter cells 
are concentrated in the curd. Consequently, there is a higher concen- 
tration of lactate and a lower concentration of lactose within the curd 
particle than in the surrounding whey. In fact, a common way of fol- 
lowing acid production in cheese-making is to squeeze the curd and 
measure the pH in the whey expressed from it. 

Acid production during cheese-making is the direct result of growth 
of the starter. During the first few hours, acid production will depend 
primarily on the rate of inoculation, the time of renneting, and the sub- 
sequent rate of cooking the curd. Low inocula will result in lower total 
amounts of lactate and higher pH values at a particular time. In Stilton 
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cheese, acid production is very slow and generally the curd is kept in 
contact with the whey overnight to promote it. In contrast, rates of acid 
production in Cheddar, Cheshire, and other British Territorial cheeses 
are relatively rapid from the beginning; for example, in Cheddar cheese 
the pH decreases from 6.6, the initial pH of the milk, to pH 6.1, the 
pH at which the whey is drained, about 3 h after the addition of the 
starter. The more rapid acid production results in greater rates of 
expulsion of whey, and consequently of lactose, from the curd. During 
this time, lactate levels in the curd particles are continuously 
increasing. 

Cooking temperatures are also important in controlling the growth 
of, and acid production by, starters. Mesophilic cultures have optimum 
temperatures of -30°C and are used in the manufacture of Cheshire, 
Cheddar, and Gouda cheese. Low cooking temperatures (e.g., -32°C) 
as occur in the manufacture of Cheshire cheese will have no effect on 
acid production. In contrast, Cheddar cheese is cooked to -4O"C, and 
this will significantly reduce acid production by the mesophilic starter. 
This cooking temperature will have no effect on any thermophilic 
organisms, which may be used as adjunct cultures. In Gouda and Edam 
cheese the cooking temperature is -35"C, which has little inhibitory 
effect on the cultures. In the latter two cheeses, part of the whey is 
removed during manufacture and replaced with warm water. This 
reduces the lactose and lactate levels in the curd and hence controls 
acid production. Washing of the curd occurs at the stage during manu- 
facture when significant syneresis of the curd is occurring. Hard cooked 
cheeses like Emmental and Parmigiano Reggiano, which are made with 
thermophilic cultures, are cooked to -54°C. In these cheeses, most of 
the acid is produced after pressing. Thermophilic culture have optimum 
temperatures of -4O"C, and little or no acid production occurs at 
-54°C. However, the cultures are not inactivated and begin to produce 
acid again as soon as the temperature falls. It is no accident that these 
cheese are also very large; this slows down the rates of cooling, 
and plenty of acid is produced as soon as the temperature falls to 
545°C. 

Most strains of Lc. lactis are unable to metabolize citrate. However, 
many mixed-strain, mesophilic starters contain small numbers of 
Lnctococcus lactis and Leuconostoc spp, which metabolize citrate to 
acetate, acetoin, and C 0 2  during cheese manufacture. Small amounts 
of diacetyl are also produced. This is an important flavor compound in 
fresh (unripened) cheese, and it is also involved in determining the 
flavor of hard and semihard cheeses. Citrate metabolism is also im- 
portant in many cheeses (e.g., Edam and Gouda) because the C 0 2  



GROWTH OF STARTERS DURING RIPENING 521 

produced is responsible for eye formation. In these cheeses, virtually 
all the citrate is metabolized in the first 24 h of cheese manufacture. 

11.4 GROWTH OF STARTERS DURING RIPENING 

Within 24 h from the addition of the starter, the number of starter cells 
will have increased to -1O’cfulg and most of the lactose will have been 
transformed to lactate. Starter cells are the dominant flora in the young 
curd, and these high numbers represent considerable biocatalytic 
potential during cheese ripening. Most of the lactate is the L-isomer, 
but in cheeses made with thermophilic starters a small amount of D- 

lactate will also be produced by the thermophilic lactobacillus. 
Much (-900/,) of the lactose is lost in the whey, but there is still suf- 

ficiently large amounts of it retained in the curd to result in production 
of at least 1.Og lactic acid/100g cheese within a day of the beginning 
of manufacture. The amount depends on the particular cheese being 
made. Generally, most cheeses are brined 1 or 2 days after manufac- 
ture. As a general rule, the salt diffuses relatively slowly into the cheese, 
and thus brining has no immediate effect on the growth of the starter 
LAB. All of the lactose disappears very quickly from the curd in brined 
cheeses due to the ability of the high numbers of starter bacteria 
present to metabolize lactose. Cheddar is an exception; this cheese is 
dry-salted at milling, which occurs about 5.5 h after the starter is added, 
and this reduces the ability of the starter culture to produce lactate. At  
milling, Cheddar cheese may contain -0.8% lactose and the subse- 
quent metabolism of the lactose depends directly on the salt or, more 
specifically, on the SM ratio. Salt is a major factor controlling microbial 
growth in cheese. It is all dissolved in the moisture of the cheese. Con- 
sequently the salt is generally calculated as a percentage of the level of 
moisture as 

Salt, g/1OO g x 100 
Moisture, g/100 g 

This is called the percentage salt-in-moisture (SM) and has no units. 
An example of the effect of the SM ratio on lactose metabolism in 

Cheddar cheese is shown in Figure 11.1 (Turner and Thomas, 1980). At 
low SM levels (4.1%) all the lactose was utilized within 8 days, while 
at high SM levels (6.3%) the lactose remained high in the cheese for 
several weeks post-manufacture. SM levels of 4.9% and 5.6% lay 
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1.6 

+ 6.3% 

A 5.6% 

0 10 20 30 40 50 60 

Time, days 

Figure 11.1. Effect of percent salt-in-moisture on the rate of lactose fermentation in 
Cheddar cheese during ripening. [Redrawn from Turner and Thomas (1980).] 

between these extremes, but there was little difference in the rates of 
lactose metabolism observed between them. These data were obtained 
with one particular pair of cultures, and the cheese was ripened at 12°C. 
Other combinations of starters will probably show greater or lesser 
sensitivities to salt. In addition, ripening at lower temperatures will 
increase the time at which the lactose disappears from the cheese. This 
residual lactose can then be utilized by nonstarter lactic acid bacteria 
(NSLAB) (see later), but there is no strong correlation between resid- 
ual lactose and growth of NSLAB, indicating that they use other energy 
sources besides lactose and/or other factors for growth. 

Strains of Lc. lactis ssp. lactis survive much better than Lc. lactis ssp. 
cremoris strains in the presence of 4% to 5% NaCl (Martley and 
Lawrence, 1972). The levels of lactate in cheese early in ripening when 
all the lactose has been metabolized vary with the type of cheese. In 
Camembert, Swiss, and Cheddar, they are 1.0, 1.4, and 1.5g/lOOg, 
respectively (Karahadian and Lindsay, 1987; Turner et al., 1983; Turner 
and Thomas, 1980). 

The final pH of the cheese generally lies between 4.6 and 5.3 and is 
reached within 1 day of manufacture. Starter lactococci have an 
optimum pH of 6.3, and growth rates will be much lower at these low 
pH values. However, in smear cheeses, the pH can increase significantly 
during subsequent ripening (see below). The final pH in the curd 
depends to a large extent on its buffering capacity (BC), which, in turn, 
depends indirectly on the moisture level in the cheese. A high-moisture 



AUTOLYSIS OF STARTERS 523 

cheese will have a low BC and therefore a low pH, whereas a low- 
moisture cheese will have a high BC and, consequently, a relatively high 
pH. Between pH 6.6 and 5.5, the BC of fresh curd is fairly low, but it 
increases rapidly below 5.5. BC is probably mainly due to the amount 
of soluble salts, especially phosphate and citrate, present in the cheese. 
The protein is probably also important. Even though the protein is vir- 
tually insoluble in fresh cheese, it is present in high concentrations and 
will have a large number of carboxyl groups exposed on its surface, 
each of which will buffer. Lactate is also present in large amounts, but 
it will only have a small effect on BC at pH 5.3 because the pK, of lactic 
acid is 3.85. In highly buffered cheeses like hard cheese, extensive acid 
production in the early days of ripening may only have a small effect 
on the pH of cheese (Lucey and Fox, 1993). 

11.5 AUTOLYSIS OF STARTERS 

Proteolysis is probably the most important biochemical reaction in 
developing the flavor of most hard cheeses. This is mainly due to chy- 
mosin and starter proteinase activity, although in cheeses cooked to 
high temperatures (>50°C), milk plasmin also plays a role as chymosin 
is inactivated in these cheeses. The proteinases hydrolyze the casein 
into small and large peptides. Autolysis of starters is also important in 
this regard because intracellular enzymes, particularly peptidases, are 
released that will hydrolyze further any peptides, which are present 
(Crow et al., 1995). The major autolytic activity in lactococci is due to 
a muraminidase (Niskasaari, 1989). Autolysis of starter cells is also 
likely to be influenced by the starter itself, the NaCl concentration, and 
the cooking temperatures. The latter is an indirect effect because high 
cooking temperatures induce temperate phage in at least some lacto- 
cocci (Feirtag and McKay, 1987). Variation in the autolysis of 5 differ- 
ent starters in Cheddar cheese is shown in Figure 11.2 (Martley and 
Lawrence, 1972). Cell numbers of strains AM1 and AM2 were much 
lower in the cheese at the beginning of ripening. These strains are heat- 
sensitive and are prevented from growing at the maximum cooking 
temperatures for Cheddar cheese (-40°C). 

Should the starter reach too high a population or survive too long, 
flavor defects (such as bitterness) that mask or detract from cheese 
flavor are produced. Bitter peptides are mainly produced from the 
hydrophobic regions of the different caseins by chymosin and starter 
proteinases. It is generally believed that intracellular peptidases 
released through autolysis of the starter cells will hydrolyze the bitter 
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peptides to smaller nonbitter peptides and amino acids. In a study by 
Wilkinson et al. (1994) in which starter viability and release of intra- 
cellular starter enzymes into cheese was monitored, it was concluded 
that Lc. lactis ssp. cremoris strains had different autolytic patterns. The 
most autolytic strain produced cheese with the highest levels of free 
amino acids. Crow et al. (1995) reported that intact starter cells fer- 
mented lactose, removed oxygen, and probably initiated a number of 
flavor reactions, while autolyzed cells accelerated peptidase activities. 
Amino acids are the products of peptidolysis. They accumulate faster 
following starter autolysis and are the major precursors of the com- 
pounds required for flavor production (Urbach, 1995; Fox and Wallace, 
1997). Some amino acids (e.g., glycine, proline, and alanine) are quite 
sweet, whereas others (e.g., glutamate) may potentiate flavor. The 
amino acids are also the precursors for further flavor-generating reac- 
tions in cheese. Autolysis of thermophilic cultures also occurs, but it has 
not been studied to the same extent as mesophilic cultures. However, 
one would expect that it would act in the same way as in mesophilic 
cultures. Autolysis of Lc. helveticus has also been observed in Grana 
and Swiss-type cheese (Valence et al., 1998). Cheddar cheese is made 
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with mesophilic cultures, but the use of strains of Sc. thermophilus 
and/or Lc. helveticus as starter adjuncts in the manufacture of this 
cheese is now quiet common. Kiernan et al. (2000) demonstrated that 
Lc. helveticus autolyzed very rapidly in Cheddar cheese and resulted in 
significantly higher levels of free amino acids and improved the flavor 
of the cheese. 

11.6 SECONDARY FLORA 

In all hard cheeses, a secondary flora also develops during ripening. 
These include nonstarter lactic acid bacteria (NSLAB), propionic acid 
bacteria (PAB), staphylococci, micrococci, and coryneform bacteria, 
yeasts, and molds. They are either (a) adventitious contaminants (e.g., 
lactobacilli, staphylococci, some coryneforms and some yeasts and 
molds) or (b) deliberately added (e.g., other coryneforms, Bwvibac- 
terium linens, PAB, and other yeasts and molds). 

11.6.1 Nonstarter Lactic Acid Bacteria 

Mesophilic lactobacilli form a significant portion of the microbial flora 
of most cheese varieties during ripening and, after the starter, are prob- 
ably the next most important group of organisms in cheese. They are 
not part of the normal starter flora and generally do not grow well in 
milk; they are usually referred to as the NSLAB. In cheeses made from 
pasteurized milk, they are normally present in relatively low numbers, 
probably <103cfu/g at the beginning of ripening, but they grow 
relatively rapidly during ripening to levels of -108cfu/g within 2 to 4 
months, depending on the species, the cheese, and the ripening 
temperature. Growth of starter and NSLAB in a typical Cheddar 
cheese during ripening at 6°C is shown in Figure 11.3. The starters were 
only enumerated until the 60th day of ripening because the NSLAB 
also grow on the LM17 medium used for counting the starter and make 
the starter counts inaccurate. A selective medium, Rogosa agar, was 
used to determine the NSLAB. NSLAB generally remain at -108cfu/g 
in cheese, but in Parmigiano-Reggiano they decrease from -1OXcfu/g 
at 5 months to -104cfu/g at 24 months of ripening (Coppola et al., 
1997). In cheese made from raw milk, the initial levels of lactobacilli 
usually vary and depend on the amount of care taken in producing the 
milk. 

Pediococci are occasionally encountered in cheese, and Pediococcus 
acidiluctici and Pediococcus pentosaceus are the most frequent species. 
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Figure 11.3. Numbers of starter and NSLAB in Cheddar cheese, iipened at 6°C. 

Unlike lactobacilli, most pediococci do not ferment lactose: however, 
mesophilic lactobacilli and pediococci grow well in the presence of 
6.5% salt. 

Lactobacilli are catalase-negative, Gram-positive rods that taxo- 
nomically are divided into three groups: obligatory homofermentative, 
facultatively heterofermentative, or obligatory heterofermentative. The 
nonstarter lactobacilli in cheese are members of the facultatively het- 
erofermentative group and are sometimes referred to as facultatively 
heterofermentative lactobacilli (FHL). They are also called the 
mesophilic lactobacilli to distinguish them from the starter lactobacilli, 
which are thermophilic. They ferment lactose homofermentatively and 
gluconic acid heterofermentatively. The most frequently encountered 
species are Lactobacillus caseillactobacillus paracasei, Lactobacillus 
plantarum, Lactobacillus rhamnosus, and Lactobacillus curvatus 
(Coppola et al., 1997; Fitzsimons et al., 1999). There is a problem with 
the taxonomy of Lc. casei because the type species Lc. casei ATCC 393 
is actually a strain of Lc. zeae and is not related to the other common 
strains of Lc. casei. Therefore, it has been proposed that a new species, 
Lc. pnrucasei, should be formed to include these other Lc. casei strains. 
This has not been resolved, but for convenience we will use the name 
Lc. pnracasei here. 

The dominant species of NSLAB change during ripening. Lc. 
parucasei, L. plantarum, and Lc. brevis dominate young cheese, but 
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only Lc. paracasei dominate the ripened chees. Evidence for the 
appearance, disappearance, and recurrence of different strains of Lc. 
paracasei during ripening has also been observed (Fitzsimons et al., 

Swiss-type cheeses (e.g., Emmental, Gruykre, and Comtk), are 
generally manufactured from raw milk. During ripening, these cheeses 
are held at 15-24°C for several weeks in a so-called “warm room” 
to promote the propionic acid fermentation (see below). Such 
temperatures will also promote rapid growth of lactobacilli 
(Demarigny et al., 1996; Beuvier et al., 1997). NSLAB levels at the end 
of the warm-room ripening were higher in cheese made from raw 
milk cheese (10*cfu/g) than in cheese made from pasteurized milk 
(lOhcfu/g). The reason for this is not clear, but it has been suggested 
that pasteurization retards the growth of NSLAB during ripening in 
some way. 

NSLAB require sugar for growth and energy production. As all the 
lactose is fermented to lactic acid by the starter bacteria within the first 
few days of ripening in most cheeses, the energy source used by the 
NSLAB in cheese is not clear. NSLAB can transform the L-isomer of 
lactate to the D-isomer, but this will not result in energy production 
(Thomas and Crow, 1983). Several substrates have been suggested, 
including citrate, ribose, and amino acids. Citrate is present in young 
Cheddar cheese at -8 mmol/kg, and some investigators have suggested 
that it may be a potential energy source for NSLAB (Jimeno et al., 
1995). However, more recent data indicated that citrate is not used as 
an energy source by NSLAB (Palles et al., 1998). Ribose released from 
RNA after starter autolysis could be used as a energy source. However, 
many strains of NSLAB isolated from mature Cheddar cheese are 
unable to ferment ribose. Mesophilic lactobacilli possess glycoside 
hydrolase activity and, in model systems, can utilize the sugars of the 
glycoproteins of the milk fat globule membrane as an energy source 
(Diggin et al., 1999). 

The source of NSLAB in cheese has been the focus of considerable 
debate because they are found in cheeses made from both raw and pas- 
teurized milk. In the case of cheeses made from raw milk, the main 
source is likely to have been the cheese milk.This is also the most likely 
source in cheeses manufactured from pasteurized milk, because some 
of them withstand pasteurization to some extent (Jordan and Cogan, 
1999); postpasteurization contamination may also occur. NSLAB have 
a mean generation time of 8.5 days in Cheddar cheese ripened at 6°C; 
thus, low levels of contamination will result in NSLAB rapidly becom- 
ing a significant proportion of the total cheese flora. 

2001). 



528 MICROBIOLOGY OF HARD CHEESE 

The microbial flora of cheese, particularly those made from raw milk, 
is very complex. It is likely that interactions occur between strains 
of NSLAB and other strains in the cheese. The study of these inter- 
actions is difficult because of the complex ecosystem in the cheese 
(Martley and Crow, 1993). However, some progress has been made. Lc. 
casei, Lc. rhamnosus, and Lc. plantarum inhibit propionic acid bacteria 
and enterococci in cheese. The mechanism of the inhibition, however, 
remains obscure. Inhibition is normally observed only in cheese or 
cheese juice; indeed, in some culture media stimulation is observed 
(Jimeno et al., 1995). This implies that the inhibition is not mediated 
by an inhibitor, such as a bacteriocin, but may be through competition 
for limiting metabolites. 

NSLAB are responsible for transforming L-lactate to D-lactate 
during ripening (Figure 11.4), but this has no effect on flavor develop- 
ment but can effect the appearance of the cheese. Usually a racemic 
mixture of the L- and D-isomers of lactate is produced. Calcium D- 

lactate is much more insoluble than calcium L-lactate and is responsi- 
ble for the white specks that can occur in many old cheeses during 
ripening. In the cheese shown in Figure 11.4, the level of L-lactate 
increased during the first 10 days of ripening. This is due mainly to con- 
tinued acid production, by the starter bacteria, from the small amounts 
of lactose remaining in the cheese; the high numbers of NSLAB may 
also be involved toward the end of the period. 

I 
. 

. 
m 

0 

NSLAB 

L lactate 

D lactate 

A Lactose . 
0 

J 0 0  

0 10 20 30 40 50 60 

Ripening time, days 

Figure 11.4. Growth of NSLAB and the transformation of L-lactate to D-lactate in 
Cheddar cheese during ripening [Redrawn from Turner and Thomas (1980) ] 
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The role of NSLAB in the development of Cheddar cheese flavor has 
been a contentious issue for many years. Numerous studies have shown 
that lactobacilli, used as adjuncts, can affect flavor development, par- 
ticularly in Cheddar cheese. Most researchers report enhanced levels of 
proteolysis and enhanced flavor intensity [see Lynch et al. (1996) for 
references]. It would appear that selection of the adjunct strain is 
crucial, because certain strains of Lc. casei produced high-quality 
Cheddar, while other strains of these species resulted in cheese with acid 
and bitter flavor defects (Lawrence and Gilles, 1987). They can also 
produce open texture in cheese by producing COz from citrate (Martley 
and Crow, 1996). NSLAB, particularly pediococci, can also oxidise 
lactate to acetate. This requires O2 and would only occur on or close to 
the surface of cheese, which has been removed from its packet. 

11.6.2 Propionic Acid Bacteria 

Propionic acid bacteria (PAB) grow in many cheese varieties during 
ripening and are part of the characteristic microflora of Swiss-type 
cheeses such as Emmental, Gruykre, Appenzell, and Comtk, where they 
metabolize lactate: 

3 Lactate + 2 Propionate + 1 Acetate + 1 C 0 2  

The COz is responsible for the holes or eyes in these cheeses, and the 
propionic acid is thought to contribute to the development of the char- 
acteristic sweet, nutty flavor of these cheeses. Emmental is ripened at 
higher temperatures (-22°C) than Comtk (-18”C), and hence the eyes 
are much larger in the former than in the latter. However, in Italian- 
type cheeses (e.g., Grana and Parmigiano-Reggiano), gas production 
by PAB is considered a defect. During the “warm-room” ripening of 
Swiss-type cheese, the levels of PAB increase from 104cfu/g to lo8 to 
109cfu/g cheese (Steffen et al., 1993). 

PAB are Gram-positive, short, rod-shaped bacteria, and two major 
groups are recognized; the “cutaneous” and the “classic” or “dairy” PAB. 
The classic PAB are the most important with respect to cheese micro- 
biology; and of the five species currently recognized, Propiouibacterium 
freudenreichii is the most important. PAB are slow-growing bacteria and 
are difficult to separate into species by classic methods. However, a 
number of molecular methods for detection and identification of PAB 
have been reported (Riedel et al., 1998; Rossi et al., 1999). 

Emmental cheese is traditionally made from raw milk and the PAB 
are adventitious contaminants, which withstand the high cooking tem- 
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perature (54°C) that this cheese is given during manufacture. Nowa- 
days, they are normally added deliberately to the milk in Emmental 
manufacture. After the eyes have developed, the cheese is stored at low 
temperatures to retard further growth and metabolism of the 
PAB. The relationship between the development of PAB and the con- 
version of lactate to propionate and acetate in Emmental cheese is 
shown in Figure 31.5. Unusually for a starter bacterium, Sc. ther- 
rnophiliis is unable to metabolize galactose and excretes it in direct 
proportion to the amount of lactose taken up. The galactose is then 
metabolized by the thermophilic lactobacilli during molding and early 
ripening. 

Growth of PAB does not occur in milk or whey at low cell densities 
(-105cfu/ml). However, growth will occur if the initial cell density is 
>106cfu/ml. Inhibition of growth is due to a heat-stable inhibitor(s) 
present in the milk (Piveteau et al., 2000). Pre-growth of some ther- 
mophilic starter LAB (used as starter cultures in Swiss-type manufac- 
ture) in the milk medium removed the inhibition, which explains why 
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Figure 11.5. Relationship between lactose and lactate metabolism, growth of p r o p  
onic acid bacteria, and production of propionate and acetate in Swiss-type cheese. 
(From Turner et al. (1983).] 
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PAB develop in Swiss-type cheese from low densities even though they 
are inhibited in milk. 

Although spontaneous autolysis of I? freudenreichii has been demon- 
strated in synthetic media, no evidence of autolysis of R freudenreichii 
during ripening as measured by release of intracellular enzymes was 
detected by Valence et al. (1998). Bacteriophage infection of I? freuden- 
reichii during growth in Swiss-type cheese also can occur, but its rele- 
vance to growth of PAB in cheese is not clear. 

Interactions between PAB and other bacteria (e.g., starter bacteria 
and NSLAB) probably play a significant role in the cheese during 
cheese ripening, although the evidence is not strong. Jimeno et al. 
(1995) reported that Lc. rhamnosus and Lc. casei inhibited the growth 
of Pc. freudenreichii in Swiss-type cheese. In contrast, Piveteau et al. 
(1995) showed stimulation of PAB by several strains of LAB, 
including strains of Lc. helveticus, Lc. acidophilus, Lc. lactis, Sc. 
thermophilus, and Lc. lactis in whey; stimulation of PAB by Lc. 
helveticus and Sc. thermophilus was particularly strong. The stimulants 
appeared to be due to peptides, but they were recalcitrant to 
purification. 

11.6.3 Enterococci 

Cheese may also contain enterococci. These are also lactic acid bacte- 
ria and are often present in natural starters and in artisanal cheeses. 
They can also be considered as NSLAB. Currently, 20 species of 
enterococci are recognized, but the commonest ones in cheese are 
Enterococcus faecalis and Enterococcus faecium. These bacteria with- 
stand pasteurization, can grow at 10°C and in the presence of 6.5% salt, 
and are found in high numbers (up to 107cfu/g) in Comt6 and in cheeses 
made in Mediterranean countries (Litopoulou-Tzanetaki et al., 1993; 
Demarigny et al., 1996; Freitas, 1996). They are also found in the tradi- 
tional natural whey cultures used in Mozzarella cheese manufacture 
(Coppola et al., 1990), and it has been suggested that they should be 
used more generally as starter cultures. Their main source is the gas- 
trointestinal tract of humans and animals, and contamination from this 
source is likely in raw milk. Despite this, they are felt to have a posi- 
tive role in flavor formation in those cheeses in which they are found. 
Enterococci are the most proteolytic of the LAB, which goes a long 
way to explain why their growth results in good-flavored cheese. One 
species, Enterococcus malodoratus, has been incriminated in off-flavor 
production in Gouda cheese. 
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Their use as starters in foods has been questioned because they are 
considered to be opportunistic pathogens. They have been occasionally 
implicated as the cause of bacteremia, urinary tract infections, and 
endocarditis. Ee. fueculis and Ee. fuecium are also promiscuous and 
take up plasmids encoding antibiotic resistance relatively easily. 
The antibiotic of choice in treating diseases caused by antibiotic- 
resistant enterococci is vancomycin, and vancomycin-resistant 
en terococci (VRE) are also becoming prevalent in hospitals. This 
a serious situation because there are very few alternative therapies 
available for people suffering from VRE infection (Franz et  al., 
1999). 

11.6.4 Coryneform Bacteria 

Surface-ripened cheeses can be divided into those in which molds and 
yeast colonize the surface during ripening (e.g., Camembert and Brie) 
and those in which bacteria and yeast colonise the surface (e.g., Tilsit 
and Limburger). The former are called mold-ripened cheeses, and 
the latter are also called smear-ripened cheeses because the surface 
of the cheese has a glistening, viscous appearance, reminiscent of a 
smear. Smear-ripened cheeses can be hard (e.g., Beaufort, Comtk, 
and Gruykre), semihard (e.g., Tilsit), or soft (e.g., Limburger and 
Reblochon). Beaufort and Comt6 are French cheeses and Gruykre is a 
Swiss cheese, and all are made with thermophilic cultures. Beaufort cheese 
is brine-salted, whereas Comtk and Gruykre cheeses are dry-salted. 

In the past it was generally believed that Brevibacterium linens 
formed the major proportion of the bacteria growing on the surface of 
smear-ripened cheeses. However, recent studies suggest that it repre- 
sents no more than 15-20% of isolates.This organism occurs in Gruykre 
cheese (Grand et al., 1992) and probably also in Beaufort and Comtk, 
but this has not been reported. The organism also produces orange- to 
red-colored colonies. These are carotenoids and are also responsible for 
the red or orange or red color of the surface of these cheeses. B. linens 
also produces methanethiol from methionine, which is considered to 
be responsible for the “smelly sock” odor of many of these cheeses. 
DNA/DNA hybridization studies have shown that B. linens is a mix- 
ture of two different homology groups. These are represented 
by B. linens ATCC 9172, which is the type species, and B. linens ATCC 
9175, which has not been renamed (Fiedler et al., 1981). The micro- 
biology, biochemistry, and enzymology of this organism have been 
reviewed (Boyoval and Desmazeaud, 1983; Rattray and Fox, 1999). 

Recent studies have indicated that several other species of 
bacteria including Arthrobacter citreus, Arthrobacter globiformis, 
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Arthrobacter nicotianae, Brevibacterium imperiale, Brevibacterium 
fuscum, Brevibacterium oxydans, Brevibacterium helvolum, Coryne- 
bacterium ammoniagenes, Corynebacterium betae, Corynebacterium 
insidiosum, Corynebacterium variabilis, Curtobacterium poinsettiae, 
Microbacterium imperiale, and Rhodoccoccus fascians are also found on 
the surface of semihard and soft cheeses (Eliskases-Lechner and 
Ginzinger, 1995a; Valdes-Stauber et al., 1997). 

Arthrobacter, Brachybacterium, Brevibacterium, Corynebacterium, 
Microbacterium, and Rhodococcus spp. are all considered to be cor- 
yneform bacteria. They are all Gram-positive, irregularly shaped rods, 
but their identification is difficult and usually the genus to which an 
isolate belongs is determined before the species. Microscopic exami- 
nation of the isolates during growth is necessary because some of 
these genera go through a rod-coccus transformation during growth 
with rod-shaped organisms dominating exponential growth and 
coccoid-shaped organisms dominating stationary phase growth. In 
addition, chemical analysis of several components of the cell is 
undertaken, including the type of peptidoglycan, the GC content of 
the DNA, the presence or absence of mycolic acids, and the types 
of menaquinones, fatty acids, and polar lipids present. This analysis 
is called chemotaxonomy. The differences between the genera of 
coryneforms are summarized in Table 11.2. Once the genus has been 
identified, phenotypic analysis can usually be used to determine the 
species. 

Molecular approaches area also useful in identification of this group 
of bacteria-for example, sequencing the 16s rRNA and the 16s rDNA 
gene. This is becoming much more common with the availability of fast 
and automated sequencing equipment. In addition, DNA probes for 
Brevibacterium, MicrobacteriurdAureobacterium, and Micrococcus/ 
Arthrobacter have been developed (Kolloffel et al., 1997) and proved 
to be very reliable in a recent study of the microflora of a surface- 
ripened cheese (Brennan, unpublished observations). 

Some of the coryneform bacteria isolated from cheese have 
been misclassified. For example, Caseobacter polymorphus, which was 
originally isolated from the surface of Limburger and Meshanger 
cheese, is now considered to be C. variabilis (Collins et al., 1989); 
and Microbacterium flavum, which was isolated from cheese (the 
type was not specified) by Orla-Jensen, is now considered to be C. 
fluvexens (Barksdale et al., 1979) while B. ammoniagenes, which is 
commonly isolated from cheese, has been reclassified as C. ammonia- 
genes (Collins, 1987). In addition, methanethiol-producing coryne- 
forms, isolated from Cheddar cheese, have been identified as B. casei 
(Collins e t al., 1983). 
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11.6.5 Micrococci and Staphylococci 

Staphylococcus and Micrococcus spp. are also present on the surface 
of smear-ripened cheeses. These are catalase-positive, Gram-positive 
cocci. Both genera are found in the family, Micrococcaceae, but they 
are totally unrelated to each other. The former have a low-mol% GC 
(30-39%) and are found in the clostridial branch of the Gram-positive 
bacteria, while the latter have a high-mol% GC (65-75%) and are 
found in the actinomycete branch of Gram-positive baacteria. They are 
readily distinguished from each other: staphylococci produce acid from 
glucose anaerobically, are sensitive to lysostaphin, and contain glycine 
in their peptidoglycans; micrococci do not have any of these features, 
but, unlike staphylococci, they can grow in the presence of furazoli- 
done. Recently, the genus Micrococcus was divided into five genera: 
Kocuria, Nesterenkonia, Kythococcus, Dermacoccus, and Micrococcus 
(Stackebrandt et al., 1995); chemotaxonomic analyses are required to 
distinguish them from each other (Table 11.2). Micrococcus contains 
two species: Micrococcus luteus, the type species, and Micrococcus 
lylae. Although both species have different cell wall compositions, they 
are genetically closely related to each other. Kocuvia also contains two 
species: Kocuria varians and Kocuria roseus and the other genera only 
one species. 

11.7 SMEAR-RIPENED CHEESES 

Smear-ripened cheeses are produced in relatively large amounts in 
many European countries and are characterized by the development 
of an ill-defined complex of bacteria and yeasts on the surface of the 
cheese during ripening. The principles of making smear cheeses is the 
same as other cheeses except that several times during the early days 
of ripening, these cheeses are rubbed with slighly salted water or with 
dry salt and smear. This, together with relatively high incubation tem- 
peratures during ripening (8-19OC for several months, depending on 
the cheese), leads to the development of the smear on the cheese 
surface. Between the washings, microcolonies of yeasts and bacteria 
develop, and washing the cheese spreads the microcolonies more uni- 
formly on the cheese surface. 

Smear-ripened cheeses have one characteristic that differentiates 
them from other cheeses, namely, the pH on the surface increases 
during ripening. This is termed deacidification and is traditionally asso- 
ciated with the growth of yeasts, which oxidize the lactate on the cheese 
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surface to C 0 2  and H20. Production of NH3 from deamination of 
amino acids helps to increase the pH also. The pH can increase from 
-5.0 to more than 7.5, and the increase is much more rapid on the 
outside surface than in the internal part of the cheese. It is generally 
believed that the yeast grow first and when the pH has increased 
sufficiently, growth of the bacteria begins. Recent studies (Brennan, 
unpublished observations) suggest that many of the bacteria on the 
surface can also metabolize lactate at pH values of -5.O.The rise in pH 
can be relatively fast; for example, the pH of the surface of Tilsit 
increases from an initial level of -5 to >7.5 during the first 10 days of 
ripening (Eliskases-Lechner and Ginzinger, 1995b). 

In Beaufort, Comtk, and Gruykre, the yeasts on the surface attain 
densities of 1OX-1OYcfu/g of smear within the first 3 weeks of ripening, 
after which they decrease to approximately lo5 cfuig of smear for the 
remainder of the ripening period. The bacteria on the surface of these 
cheeses grow to densities of 10" cfu/g of smear and remain at that level 
throughout ripening (Grand et al., 1992; Piton-Malleret and Gorrieri, 
1992). Similar results have been found in Tilsit cheese. In this cheese, 
the number of yeasts increased from lo3 to 5 x 107cfu/cm2 within 2 
weeks, after which they either remained constant or decreased gradu- 
ally to 105cfu/cm2, while the number of bacteria increased from 10' to 
1O4cfu/cm2 to >10'cfu/cm2 after 3 weeks of ripening, after which they 
remained constant (Eliskases-Lechner and Ginzinger, 1995a,b). To 
transform counts per cm2 to counts per g of smear, one should multi- 
ply the counts per g by 100. The relationships between pH, yeast, and 
bacterial counts on the surface of a semihard cheese are shown in 
Figure 11.6. 

The yeasts on Beaufort, Comt6, and Gruy6re cheeses have not been 
identified; but in other surface-ripened cheeses, a large number of 
yeasts including Candida, Debaryomyces, Kluyveromyces and 
Rhodotorula, Pichia, Rhodotorula, Saccharomyces, Torulaspora, Tri- 
chosporon and Zygosaccharomyces spp, and Geotrichum candidurn 
have been found (Prillinger et al., 1999; Wyder and Puhan, 1999). 
Geotrichum candidum is commonly known as the dairy mold and has 
properties of both yeasts and moulds; nowadays it is considered to be 
a yeast. It is generally believed that G. candidum is found in all smear 
and mold-ripened cheeses, although in some studies its presence was 
not reported. The reason for this may be that some workers probably 
consider it to be a mold and did not report its presence in the various 
cheeses in which yeast isolates were identified. 

The bacteria occurring on the surface of Beaufort, Comt6, and 
Gruykre cheese have been poorly described and are mainly distin- 
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Figure 11.6. Growth of salt-tolerant bacteria and yeast and change in pH on the surface 
of a smear-ripened cheese during ripening. 

guished on the basis of the color of the colonies-that is, lemon, orange, 
or nonpigmented (presumably white or cream) (Grand et al., 1992; 
Piton-Malleret and Gorrieri, 1992). All three colored colony types were 
dominated (>75 % of strains) by Micrococcease (whether they were 
Staphylococcus or Micrococcus spp. was not reported); the remainder 
were mainly coryneforms, with 11 % of the yellow colonies being neither. 
Several isolates from Beaufort and ComtC cheese have been identified 
as Brachybacterium tyrofermentans and Brachybacterium alimentarium 
(Schubert et al., 1996). B. linens forms a major proportion of the coryne- 
form bacteria, at least on Gruykre cheese, while Tilsit cheese has been 
shown to contain numerous Arthrobacter, Corynebacterium, Brevibac- 
terium, Microbacterium, and Staphylococcus spp. (Eliskases-Lechner 
and Ginzinger, 1995a). In several smear-ripened chesees, the micrococci 
have been identified as Micrococcus luteus, Micrococcus lylae, Kocuria 
kristinae and Kocuria roseus, and the staphylococci have been identified 
as Staphylococcus equorum, Staphylococcus vitulus, Staphylococcus 
xylosus, Staphylococcus saptrophyticus, Staphylococcus lentus, and 
Staphylococcus sciuri (Irlinger et al., 1997; Irlinger and Bergere, 1999). 

Whether a progression of bacteria occurs in the smear has not been 
determined, but a recent study of a semihard cheese showed that cocci 
are the dominant organism found early in ripening (within 4 days) and 
coryneform bacteria dominate the later stages of ripening (Brennan, 
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unpublished observations). The stage of ripening at which the bacteria 
listed above were isolated is not clear. 

The role of the smear microorganisms in the ripening of the cheese 
has not been studied to any great extent. The most intensively studied 
has been B. linens, which produces proteinases, peptidases, and lipases, 
which, in turn, produce amino acids and fatty acids, which are the pre- 
cursors of many of the flavor compounds in the cheese (Boyoval 
and Desmazeaud, 1983; Rattray and Fox, 1999). B. linens produces 
methanethiol from methionine. Yeast, particularly G. candidunz, also 
produces sulfur compounds, including methanethiol, in model cheese 
systems (Berger et al., 1999). Methanethiol inhibits the growth of 
molds, and this may be the reason that molds are not found on the 
surface of smear cheese. 

Many cheese-makers deliberately inoculate the surface of smear 
cheese with various combinations of B. linens, G. candidurn, and/or D. 
hansenii at the beginning of ripening. Except where deliberate inocula- 
tion of B. linens is practiced, the other bacteria, which grow on the cheese, 
are more than likely adventitious contaminants, which grow well in the 
high salt concentrations and relatively high pH of the cheese surface. 
Their source has not been identified, but likely ones include the brine, 
the wooden shelves on which the cheese rests during ripening, and skin 
because many smear-ripened cheeses receive a lot of manual handling 
during ripening and coryneform bacteria, staphylococci, and micrococci 
are major components of the skin microflora. Interestingly, most Bre- 
vibacteviunz isolates from clinical sources have been identified as B. casei 
which was first isolated form cheese (Funke and Carlotti, 1994). 

11 -7.1 Mold-Ripened Cheeses 

Mold-ripened cheeses are divided into two groups: (a) those that are 
ripened with Pencilliiim roqueforti, which grows at the interfaces 
between the curd particles and forms blue veins within the cheese, such 
as Stilton, Roquefort, Gorgonzola, and Danish Blue, and (b) those that 
are ripened with Penicilliunz camemherti, which grows as a fuzzy mass 
on the surface of the cheese, such as Camembert and Brie. Blue cheeses 
are often called internally mold-ripened cheese, while Camembert and 
Brie are called externally (surface) mold-ripened cheeses to distinguish 
them from the bacterial surface (smear)-ripened cheeses. Molds are 
associated with a range of other cheese varieties also; however, the 
molds and their impact on ripening in these cheeses are less well under- 
stood. The surface of the French cheeses St. Nectaire and Tome de 
Savoie is covered by a complex fungal flora containing Penicillium, 
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Mucor, Cladosporium, Geotrichum, Epicoccum, and Sporotrichum, 
while Penicillium and Mucor have been reported on the surface of the 
Italian cheese Taleggio. Penicillium roqueforti are generally added to 
the cheese milk with the lactic starter. Interior- or surface-mold-ripened 
cheeses have different appearances, and the high biochemical activities 
of these molds produce the typical aroma and taste (Gripon, 1993). 
Recently, P roqueforti has been split into three species-F! roqueforti, 
F! cameurn, and P paneum-based on the sequences of the internal 
transcribed spacers between the 18s and 28s rRNA (Boysen et al., 
1996). 

In the production of Stilton cheese a low level of starter is used- 
for example, 10m1/100 liters of milk (equivalent to an inoculation rate 
of 0.01 YO). Consequently, acid production in the cheese is slow. Part of 
the whey is run off during manufacture, but the curd is left in the 
remaining whey overnight, after which the whey is run off and the curd 
is milled, weighed, salted, and placed in the molds or hoops. Blue 
cheeses contain relatively high levels of salt; for example, Stilton cheese 
may contain 9% SM. The hoops are turned daily for 3 or 4 days. This 
is known as the “hastening” period, during which the curd continues to 
loose moisture and the acidity increases (Anonymous, 1994). The 
cheeses are then ripened at -13°C for 4 weeks at an RH of 85Y0.Then 
the cheese is pierced with a series of stainless steel needles to allow air 
to enter the cheese and promote growth of P roqueforti. Then the 
cheese is further ripened at 16°C for 8 weeks at a RH of 95%. An 
aqueous suspension of €? roqueforti spores is added to the milk just 
prior to setting, or spores are dusted onto the curd. Gas production by 
yeasts and heterofermentative LAB, particularly Leuconostoc spp., 
results in curd-openness, which is deemed to be very important for the 
subsequent development of I? roqueforti and hence good flavor. It has 
been suggested that the methyl ketones produced by P roqueforti are 
inhibitory to further mold growth, and they may be a factor in pre- 
venting excessive mold development in blue veined cheese. 

Like smear cheeses, mold-ripened cheeses also undergo deacidifica- 
tion by both yeasts and molds during ripening. The interrelationships 
between lactate, NH?, and pH in a Camembert cheese are shown in 
Figure 11.7 (Karahadian and Lindsay, 1987). Utilization of the lactate 
occurs relatively rapidly and is much faster on the surface than in the 
center of the cheese. NH3 production does not begin until most of the 
lactate has been used, and the mold has stopped growing and is higher 
on the surface than in the internal part of the cheese. The fact that the 
pH and NH? are higher on the surface than in the center of the cheese 
means that gradients develop in the ripening cheese. In Camembert 
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and Brie cheeses, Ca and phosphate also migrate from the center to 
the surface as the cheese is ripened. In these cheeses, the curd softens 
from the outside to the inside, and at one time it was thought the pro- 
teinase produced by F! camemberti was responsible for this. Subse- 
quently it was shown that the proteinases do not diffuse to any great 
extent. The results of Karahadian and Linday (1987) give a much better 
explanation for the softening of these cheeses, because the NH3 and pH 
gradients cause the curd to solublize, giving the impression that the 
cheese is ripening from the outside to the inside. 

l? roqueforti produces a range of secondary metabolites during 
growth including l? roqueforti toxin (PRT), roquefortine C, marc- 
fontines, fumigaclivine A, festuglavine, mycophenolic acid, patulin, 
cyclopaldic acid, penicillic acid, and roquecin. Several of these, par- 
ticularly PRT and mycophenolic acid, are toxic to humans, but the 
amounts produced by cheese strains are so small that they do not rep- 
resent a public health hazard, even when the cheese is consumed in 
large amounts. In fact, smaller amounts of these compounds are pro- 
duced in cheese than in conventional media. In addition, PRT-aldehyde, 
which is the toxic form of PRT, is transformed into PRT-imine and PR- 
amide, which are nontoxic forms, during growth of the mold (Engel et 
al., 1982; Chang et al., 1993). 

Curiously, there is little detailed information on the growth and 
development of the mold in mold-ripened cheese. In both internally 
and externally ripened mold cheeses, the activity of the proteinases 
and, in the case of Blue cheeses, that of the lipases are the dominant 
biochemical activities that occur during ripening. Free fatty acid devel- 
opment in two batches of Stilton cheese was reported by Madkor et al. 
(1987). The concentration of the individual fatty acids increased 
between 4- and 20-fold during ripening, and the levels of the long-chain 
saturated and unsaturated acids were higher than those of the 
short-chain ones (C4 to C10) in the cheeses. In addition to the short- 
chain acids, methyl ketones formed from P-oxidation of the fatty 
acids are also important in flavor development in Blue cheese. Unlike 
other molds, f! roqueforti can grow at low Oz levels and sufficient O2 
enters the cheese when it is pierced to allow visible mycelium to 
develop. 

SEM studies of Camembert cheese show the presence of several dif- 
ferent layers containing different organisms in the cheese (Rousseau, 
1984). The LAB are associated with the curd, whereas the yeasts were 
concentrated in the deep zone of the rind, while the micrococci and 
coryneforms were attached to the surface of the Penicillium, after 
which they migrated to the inner zone of the rind. 
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The micrococci on the surface of Roquefort cheese have been iden- 
tified as Micrococcus luteus, Micrococcus lylae, Dermacoccus sedentar- 
ius, Kocuria varians, and Kocuria rosea (Vivier et al., 1994). Yeasts are 
also found in Blue cheeses; however, in most cases, their role in cheese 
ripening is unclear (Fleet, 1990). Presumably they play some role in 
deacidification of the cheese surface, because the pH of mold cheeses 
also increases during maturation. Whether a progression in the species 
of yeast occurs during ripening is also not clear because in many of 
these studies the stage of ripening at which the yeasts were isolated 
was not defined. This point was addressed by van den Tempel and 
Jakobsen (199) ,  who found that D. hansenii, Zygosaccharornyces spp., 
Y lipolytica, and Candida rugosa were the dominant species in Danish 
Blue ripened for 1 and 14 days, while only D. hansenii and C. rugosa 
were found after 28 days of ripening. These yeasts showed significant 
lipolytic activity on tributyrin agar but no proteolytic activity in casein 
agar, implying that their major role is in lipolysis and deacidification. 

Yeasts con tribute positively to flavor and texture development 
(Roostita and Fleet, 1996). In Roquefort cheese, some surface ripening 
has been attributed to proteolytic activity of a surface slime composed 
in part of yeast, which is scrubbed off prior to packaging (Kinsella and 
Hwang, 1976). Gas production by heterofermentative LAB, particu- 
larly leuconostocs, is deemed to be important for the subsequent devel- 
opment of P roquejorti and hence good flavor. This results in more 
curd-openness; the leuconostocs are also thought to be stimulated by 
the yeast. The degree of piercing of Roquefort cheese is also important 
because it increases the internal oxygen content and allows the multi- 
plication of yeast capable of oxidizing lactic acid, which, in turn, leads 
to deacidification (Galzin et al., 1970). 

Brines are a potent source of yeasts, and populations of yeasts in 
Danish Blue brines ranged from 1.9 x 10' to 2.3 x 1Ohcfu/g, depending 
on the dairy. The brines had a fairly typical composition (-22% NaC1, 
pH 4.5) and were held at 19°C. Deharymyces hansenii was the domi- 
nant yeast in three of the brines and Corynehacterium glutosa in the 
fourth (van den Tempel and Jakobsen, 1998). 

Generally, commercial strains of B. linens, G. candidum, D. hansenii, 
P roquqforti, andlor P camemherti are added deliberately to either the 
milk or the cheese after brining. Several methods of inoculation are 
used. The milk for the mold-ripened varieties-Blue, Camembert, and 
Brie cheeses-is inoculated with pure cultures of the relevant species 
o f  Penicillium, at the same time as the starters. The curd of Blue cheese 
is subsequently pierced to allow limited entry of O2 to promote growth 
of P roqrieforti. Surface- or smear-ripened cheese (e.g.,Tilsit, Muenster, 
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Limburger, etc.) is dipped, sprayed, or brushed with aqueous suspen- 
sions of B. linens, D. hansenii, and G. candidum, soon after the cheeses 
are removed from the brine. Different combinations of organisms may 
also be used. Both mold- and bacterial-ripened cheese are then ripened 
at 10-15°C to promote microbial growth and activity and at a high RH 
to prevent loss of moisture from the cheese surface. 

The involvement of yeast in the maturation of Cheddar cheese is 
unclear. Most studies on the microflora of this cheese do not report 
on the presence of yeast; this may be due to a lack of specific examina- 
tion for yeast. Fleet and Mian (1987) reported that almost 50% of 
Australian Cheddar cheeses examined contained 104-10h cfu/g. A study 
of South African Cheddar by Welthagen and Vijoen (1999) indicated 
that all 42 cheeses examined contained yeast at levels varying from <lo2 
to >107cfu/g; however, 88% of the cheeses had <1OScfu/g, a level 
deemed necessary to influence flavor development. Monitoring of yeast 
growth during ripening indicated that their density increased from 
102 to 103cfu/g over the first 30 days of ripening, from 30 to 40 days of 
ripening yeast counts increased to 10hcfu/g, before decreasing again. 
The reason for this growth pattern is not clear. 

11.8 SALT AND ACID TOLERANCE 

All brined cheeses contain high levels of salt in the surface layers, and 
therefore the microorganisms growing on the cheese surface must be 
salt-tolerant. This is true for all of them, except Propionibacterium 
shermanii, which, in any case, only grows inside the cheese. Brachy- 
bacterium tyrofermentans, Brachybacterium alimentarius, Kocuria 
rosea, Kocuria varians, Dermacoccus sedantarius, Micrococcus lylae, 
Micrococcus luteus, and most strains of coryneforms found in cheese 
can grow in the presence of 15% NaC1, and most strains of staphylo- 
cocci grow in the presence of 10% salt. NSLAB can grow in the pres- 
ence of 6.5% salt. The growth of P camemberti is largely unaffected by 
10% NaC1, and some strains of I? roqueforti can tolerate 20% NaC1. 
Several yeasts including Debaryomyces hansenii can also grow in 10% 
salt, and most of them can also grow in 15% salt (A,, = 0.88). Geot- 
richium candidum is an exception and is quite sensitive to salt. A slight 
reduction in its growth occurs in the presence of 1% NaCl, and it is 
completely inhibited at -6%. Therefore, too much brining will prevent 
its growth on the cheese surface. Perhaps its intolerance to salt explains 
why G. candidum is generally deliberately added in the manufacture of 
surface-ripened cheeses, the hope being that some cells will grow. 
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Yeast and molds grow much better than bacteria at the pH of 
cheese, and this is the reason they grow first on the cheese surface. They 
grow quite well at pH values of 2 to 4, where bacteria either do 
not grow or only grow very poorly. The low pH of freshly made 
cheese is therefore partially selective for their growth. Brevibacteriurn 
linens is generally considered not to grow at pH values below 6.0, and 
this is also probably true of the other bacteria found on the surface of 
cheese. 

Generally, yeast and molds are not nutritionally demanding, but they 
grow more slowly than bacteria. Therefore, they do not compete with 
bacteria in environments in which bacteria grow (e.g., at pH values 
around 7). 

Generally, yeasts are facultative anaerobes, whereas molds are con- 
sidered to be obligate aerobes. However, P roqueforti can grow in the 
presence of limited levels of 02, which is exemplified by its growth 
throughout the mass of blue cheese. Yeast and molds are generally heat 
sensitive and are killed by pasteurization. 

11.9 FACTORS INFLUENCING GROWTH OF 
MICROORGANISMS IN CHEESE 

A number of physical parameters are involved in controlling the 
growth of microorganisms in cheese during ripening. These include 
moisture, salt, ripening temperature, redox potential, NO3- and pH. The 
extent of variation in these parameters is influenced by the cheese- 
making process. 

11.9.1 Moisture and Salt 

Salt and moisture are very much interrelated and are considered 
together. All microorganisms require water for growth, and one of the 
most effective ways of controlling their growth is to reduce the avail- 
able water through dehydration and/or addition of some water-soluble 
compound such as sugar or salt. In cheese, the major compound is salt. 
It is the availability of the water rather than the absolute amount 
present that is important. The availability is mainly determined by the 
concept of water activity, A,,,. This was developed by Scott (1957) and 
has provided a basis for understanding the relationships between 
microorganisms and water. A ,  is a thermodynamic concept defined as 
the ratio between the vapor pressure of the water present in a system 
07) and that of pure water (Po) at the same temperature: 
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A ,  ranges from 0 to 1. In general, bacteria have higher minimum A ,  
requirements than do yeast, which, in turn, have higher requirements 
than do molds. During the first stages of cheese manufacture, the A ,  is 
-0.99, which supports the growth and activity of the starter culture. 
However, during ripening the A ,  levels are much lower, ranging from 
0.917 to 0.988 (Ruegg and Blanc, 1981). The A ,  of cheese is mainly a 
reflection of its salt content. The higher the salt, the lower the A,. 

The concentration of salt required to inhibit bacteria depends on the 
nature of the food, its pH and its moisture content, but, generally, 
10-100g/kg is sufficient. The relationship between salt concentration 
and A, is almost linear: 

A,v = -0.0007~ + 1.0042 

where x is the g of salt per kg of cheese. The correlation coefficient (2) 
was 0.997. The salt concentration in cheese ranges from 0.7 to 7g/ 
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ripening occurs due to evaporation of water from 
not occur in commercially produced Cheddar 
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Other factors include hydrolysis of proteins to peptides and amino 
acids and triglycerides to glycerol and fatty acids and involve the take- 
up of 1 molecule of water for each peptide or ester bond hydrolyzed. 
Because significant proteolysis occurs in cheese, the A ,  will also 
decrease due to this during maturation. Moisture loss is controlled by 
increasing the relative humidity in the ripening room (e.g., in the case 
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of soft cheeses. like Limburger, Tilsit, and Camembert) or by packing 
the cheese in wax or plastic. This improves the surface growth on these 
cheeses. There may be variation in the A,, values in different zones in 
cheese. This occurs particularly in large brine-salted hard and semihard 
cheeses like Emmental, where the values are usually higher toward the 
center. Cheddar cheese is dry-salted and vacuum-packed; therefore, no 
loss of moisture will occur and there will be no change in A,, because 
the salt is unifornily distributed in the cheese. 

11.9.2 pH and Organic Acids 

The optimum pH for the growth of most common bacteria is around 
neutral, and growth is often poor at pH values 4 . 0 .  Lactobacilli are an 
exception to this rule because many of them will grow quite well at pH 
values of <45. In addition, yeasts and molds will also grow quite well 
at pH 4.5. In fact, the main function of the yeasts in the surface of 
cheese is to metabolize the lactic acid to C 0 2  and HzO. This increases 
the pH to a point where the surface bacteria can grow and is called 
rleacidificatioiz. Due to the accumulation of organic acids, cheese curd 
post-manufacture has a pH ranging between 4.5 and 5.3; such low pH 
values will not allow the survival of acid-sensitive species. The real 
inhibitor is thought to be the undissociated form of the organic acid. 
The principal organic acids found in cheese are lactic, acetic and pro- 
pionic acids, which have pK,, values of 3.08,4.75, and 4.87, respectively. 
Therefore. at the pH of cheese, lactic acid is the least and propionic acid 
the most effective inhibitor at the same concentration. However, lactate 
is invariably present at much greater concentrations than either of the 
other two acids-except in the case of Swiss cheese, where the con- 
centration of propionic acid may be higher than that of lactic acid in 
the ripened cheese (Steffen et al., 1993). 

11.9.3 Ripening Temperature 

The microorganisms involved in cheese manufacture and ripening 
are either mesophilic or thermophilic, having temperature optima of 
-30°C or 42"C, respectively; at temperatures below these values, 
growth will be retarded. Many Swiss-type and Italian cheeses are 
cooked at temperatures of -54°C for 30-60min, and thus the ther- 
mophilic starters used in the manufacture of these cheeses must be 
capable of withstanding these temperatures. They do not grow at the 
cooking temperature, and little acid production occurs in these cheeses 
until the cheese is put in the molds and the temperature begins to 
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decrease. The temperature at which cheese is ripened is a compromise 
between the need to promote ripening reactions and growth of the 
desirable secondary flora and the need to prevent the propagation of 
potential spoilage and pathogenic bacteria. Generally, Cheddar cheese 
is ripened at 6-8"C, while mold and smear-ripened cheeses are ripened 
at 10-15°C. Emmental cheese goes through several different time- tem- 
peratures required during ripening. Initially, this cheese is ripened at 
-12°C for 2-3 weeks, after which the temperature is increased 
to -22°C for 2 4  weeks to promote the growth of the propionic acid 
bacteria, after which the temperature is reduced to -4°C. Higher 
temperatures promote accelerated ripening (Folkertsma et al., 1996), 
but the changes to body and flavor are often detrimental. 

11.9.4 Redox Potential 

The redox or oxidation-reduction potential (El l )  is a measure of the 
ability of chemical/biochemical systems to oxidize (lose electrons) or 
reduce (gain electrons). Eh is usually measured in mV, and the oxidized 
and reduced states are indicated by positive and negative signs, respec- 
tively. The E,, of milk is about +150mV, while that of cheese is about 
-250mV. While the exact mechanism of the reduction in Eh in cheese 
is not fully established, it is most probably related to (a) fermentation 
of lactic acid by the starter during growth and (b) the reduction of small 
amounts of 0, in the milk to water (Crow et al., 1995). As a con- 
sequence of these reactions, the interior of cheese is essentially an 
anaerobic system, which can only support the growth of obligate 
or facultative anaerobic microbes. The Eh of cheese is one of the 
major factors in determining the types of microorganisms that will 
grow in cheese; therefore, obligate aerobes, such as Pseudomonas, 
Brevibacterium, Bacillus, and Micrococcus spp. are excluded from 
growth in the interior of the cheese. Bacteria that develop on the cheese 
surface are predominantly obligate aerobes. 

11.9.5 Nitrate 

In the production of some cheeses-especially the Dutch varieties, 
Edam and Gouda-saltpeter (KN03) or NaN03 is added to the cheese 
milk to prevent growth of Clostridium tyrobutyricum, which ferments 
lactate to butyrate, H2 and CO,: 

2 Lactate -+ 1 Butyrate + 2 CO, + 2 H, 
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The H2 (mainly) and CO, are responsible for the large holes present in 
the cheese, while the butyrate is responsible for the development of a 
nasty rancid off-flavor. In these cheeses, the rate of NaCl migration is 
relatively slow and equalization of the salt concentration throughout 
the cheese can take several weeks. In addition, the moisture content is 
high. Therefore, growth inhibition of spoilage microorganisms such as 
Cl. tyrobutyricunz is necessary prior to achieving salt equilibrium, and 
nitrate fulfills this function. The concentration added is usually 20 g/100 
liters of milk, and most of it is lost in the whey. During ripening, nitrate 
is reduced to nitrite (the actual growth inhibitor) by the indigenous 
xanthine oxidase present in the milkkurd. The maximum amount of 
nitrite permitted in the cheese is 50mg/kg. By the time the cheese is 
ready for consumption, the level of nitrite is usually well below this 
level. 

Nitrite does not affect the growth of LAB, but does inhibit the 
growth of propionibacteria, which are essential for eye formation 
in Emmental cheese. Thus NO< is not suitable for control of C. 
tyrobutyricurn in cheese where growth of propionibacteria is required. 
Nitrite can react with aromatic amino acids in cheese to produce 
nitrosamines, many of which are carcinogenic. The reaction is 
pH-dependent, and is optimal in the pH range of 2 to 4.5. Nitrate 
also prevents the formation of early gas by coliform. This is due to H2 
formation from formate by formic hydrogenlyase. However, it does not 
prevent their growth. Instead the NO3- acts as an alternative electron 
acceptor to O2 and allows complete oxidation of the lactose to COz and 
H20 rather than incomplete oxidation of lactose to lactate acid 
formate. 

11.10 SPOILAGE OF CHEESE 

The major spoilage organisms in cheese are coliforms and Cl. tyrobu- 
tyricurn, which cause the development of early and late gas, respec- 
tively. As its name implies, early gas occurs within 1 or 2 days after 
manufacture, while late gas may require several months to develop. 
Early gas may occasionally also be due to growth of lactose fermenting 
yeasts, and gas may also be produced from citrate by citrate utilizing 
lactobacilli. Today, spoilage of cheese by any of these microorganisms 
is unlikely because of improvements in raw milk quality, better hygiene 
and control of microbial growth in cheese factories, and rapid acid 
producing starters. Growth of molds may occasionally also cause 
discoloration of the cheese surfaces; waxing, as occurs in some cheeses, 
will prevent molds from growing. 
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11.11 PATHOGENS IN CHEESE 

In the past 30 years, there have been only 32 confirmed outbreaks of 
food poisoning due to cheese in Western Europe, the United States, and 
Canada, during which an estimated 235,000,000 tonnes of cheese was 
produced; 28% of the outbreaks involved cheese made from raw milk 
(Fox et al., 2000). These data indicate that cheese is a very safe food 
product. Several organisms were involved, but Salmonella spp., Staph. 
aureus, and Listeria monocytogenes were the most common; various 
enterotoxigenic E. coli, including 0157, were also involved. Staphylo- 
coccal food poisoning is due to a heat-stable toxin produced by the cells 
during growth, and a general rule is that lo6 staphylococci are required 
to produce sufficient toxin(s) to cause problems. In contrast, it is thought 
that 10 cells of E. coli 0157 is sufficient. Growth of some pathogens, 
particularly E. coli and S. aureus, can occur during manufacture, but this 
will depend on how rapid acid production is and the cooking tempera- 
tures used; for example, the high cooking temperature (54°C) and the 
length of time the curd is held at this temperature (-60min) in Swiss 
and Italian cheeses will kill most, if not all, pathogens that might be 
present. Generally, it is only semihard and soft cheeses-particularly 
those in which the pH of the surface increases during ripening-that 
cause problems. The effect of pH is clearly seen in the study of Har- 
grove et al. (1969) on the survival of salmonella in Cheddar cheese 
(Figure 11.8). At pH 5.03 and 5.23, which is close to that of a normal 
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Figure 11.8. Effect of pH on the survival of Salmonella in Cheddar cheese during 
ripening. [Redrawn from Hargrove et al. (1969).] 
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Cheddar cheese, they died off quickly, whereas at pH 5.7, which could 
occur as a result of attack by phage, they did not die off at all. In soft 
cheeses there is an increase in pH during ripening and growth of some 
pathogens; for example, L. monocytogenes, and Hafnia alvei, but not 
Enterohacter aerogenes nor E. coli, can occur (Fox et al., 2000). 

11.12 RAW MILK CHEESES 

Cheese made from raw milk is generally considered to have a much 
more intense flavor than the same cheese made from pasteurized milk, 
and this is an important marketing advantage for raw milk cheeses.This 
has been ascribed mainly to more proteolysis and lipolysis by the raw 
milk microflora in the raw milk cheese. Recent evidence showed that 
NSLAB, PAB, enterococci, and yeasts grow to higher cell numbers 
in hard cheeses (Comt6 and Cheddar) made from raw milk than in 
the same cheeses made from pasteurized milk. The reasons for this 
are unclear, but the results are consistent (McSweeney et al., 1993; 
Demarigny et al., 1996, Beuvier et al., 1997). One suggestion was that 
pasteurization retards the growth of NSLAB in some unspecified way. 
The results imply that the indigenous microflora have a significant 
effect on the development of flavor of the cheese. The flavor of the raw 
milk Swiss-type cheese was more intense than the pasteurized milk 
cheese, while that of the Cheddar was atypical and was downgraded by 
the official graders. However, the authors considered that this intensely 
flavored cheese could be an attractive cheese for connoisseurs of 
Cheddar cheese. 

Staph. mireus is the commonest cause of mastitis in dairy cows. Both 
it and other pathogens (e.g., E. coli, Listeria, etc.) can be present in the 
raw milk and can grow to high numbers during cheese manufacture and 
ripening. Despite this, significant amounts of raw milk cheeses are pro- 
duced, particularly on the European mainland, and relatively few out- 
breaks of food poisoning have involved cheese, made from raw milk. 
To prevent growth of pathogens in cheese, several precautions can 
be taken. The milk should be produced under very good conditions 
and be held at 4°C until cheese manufacture begins. A total count of 
<20,000 cfu/ml of raw milk at the beginning of manufacture (i.e., before 
the starter is added) should be attainable. An active starter, good 
hygiene, attention to detail, and a HAACP system will all help to 
produce a cheese free of pathogens. Care should also be taken in han- 
dling the cheese during ripening, especially in the washing of smear 
cheeses, where the pH increases during ripening. Many of these factors 
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will also help to control the growth of pathogens in pasteurized milk 
cheese. 

11.13 MICROBIOLOGICAL ANALYSIS OF CHEESE 

Cheese is a complex microbial ecosystem containing starter bacteria, 
NSLAB, non-lactic-acid bacteria, yeasts, and molds. Most cheese vari- 
eties contain these groups of organisms, and only a limited number of 
effective selective media are available for enumerating them. Some of 
the more common ones used are listed in Table 11.3. 

The total number of bacteria has been counted in cheese, but the 
results are not very meaningful in terms of the care taken in manufac- 
turing the cheese because most of the bacteria in the cheese will be 
either starter or NSLAB. Not all starter and NSLAB grow well on plate 
count agar (PCA). The reason for this is that the levels of nutrients and 
buffering capacity of PCA are too low to sustain good growth of them. 
LAB are quite fastidious and require several amino acids and vitamins 
for growth. Therefore, media for LAB must contain rich sources of 
amino acids and peptides (peptones and yeast extract) and vitamins 
(yeast extract) and high levels of buffer to neutralize the large amounts 
of lactate produced from sugar metabolism during growth. 

Many media have been developed to enumerate starter bacteria. 
Today, the medium of choice for enumerating lactococci is Medium 17, 
containing lactose (LM-17), which was originally developed to estimate 
lactococcal phage. It contains sufficient amounts of all the nutrients 
necessary to support the growth of lactococci and a high concentration 
of P-glycerophosphate (19 g/liter) as a buffer, which, unlike phosphate, 
does not chelate the Ca2' required for adsorption of phage to its host. 
This medium is nonselective; nevertheless, it is used to count lactococci 
in cheese because these bacteria outnumber all other microorganisms 
in the cheese, especially during the early stages of ripening. As the 
cheese ripens, LM-17 becomes less selective because enterococci, 
NSLAB, and leuconostocs can grow on it. 

Incubation of LM-17 plates at 45°C makes it relatively selective 
for Sc. therrnophilus, because lactococci do not grow at this temper- 
ature and thermophilic lactobacilli grow poorly if at all in this 
medium. However, enterococci will grow on the medium, and colonies 
should be examined to determine if they are enterococci or Sc.. 
the rrn op h il us 

Thermophilic cultures are often used today as adjuncts in com- 
mercial cheeses made with mesophilic cultures. If high counts of Sc. 
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thermophilus (on LM-17 at 45°C) are found in a cheese made with a 
mesophilic culture, the count of Lactococcus (on LM-17 at 30°C) must 
be adjusted, since Sc. thermophilus will also grow on LM-17 at 30°C. 
Sometimes, the colonies of Sc. thermophilus are much smaller than 
those of Lactococcus spp., and the difference in size could be used to 
differentiate between them, but a smaller size is by no means an 
absolute feature of Sc. iteanophilus 

MRS agar is a general-purpose medium for the enumeration of 
lactobacilli. Most other LAB can grow in it, but reducing the pH to 
5.4 and increasing the temperature of incubation to 45°C make the 
medium more or less selective for the thermophilic lactobacilli found 
in starters. The mesophilic lactobacilli found in cheese are usually 
counted on Rogosa agar (RA) (Rogosa et al., 1951). This medium con- 
tains a high concentration of acetate (0.225M) and has a low pH (5.4), 
which make it quite selective for mesophilic lactobacilli. Some leu- 
conostocs and pediococci may grow on it, but the thermophilic 
lactobacilli present in starters generally do not grow on this medium. 
It is currently widely used in cheese microbiology and appears to be 
quite selective for cheese containing different LAB. 

In the past, the medium of Mayeaux, Sandine, and Elliker (1962) 
(MSE) was used to enumerate leuconostocs. This medium contains 
sucrose as the energy source, and many authors consider it to be selec- 
tive for Leuconostoc. This is not so. The medium is nutritionally rich, 
and many, if not at all, LAB will grow on it. It may be selective if only 
dextran producers (very large colonies) are counted, because dectran 
formation is generally confined to Leuconostoc spp. However, not 
all leuconostocs produce dextrans. Because most leuconostocs are 
resistant to the antibiotic vancomycin, the addition of vancomycin 
(20 pg/ml) to an otherwise nutritionally adequate medium (e.g., MRS) 
makes it selective for these microorganisms. This method is acceptable 
when applied to starters, but mesophilic lactobacilli and pediococci are 
also naturally resistant to vancomycin. Both mesophilic lactobacilli and 
pediococci are often found in large numbers in cheese, which limits the 
usefulness of the medium, unless colonies are also examined micro- 
scopically and any doubtful ones examined by additional tests. 

Calcium citrate agar (Anonymous, 1997) is very useful for enumer- 
ating citrate utilizers present in mesophilic cultures and dairy products. 
This is a differential, non-selective medium that is opaque owing to the 
presence of insoluble calcium citrate. As the citrate is metabolized, a 
clear halo develops around the colony. This medium can also be used 
to estimate total starter numbers if triphenyltetrazolium chloride 
(TTC) is added to it ( lml  of a filter-sterilized 1% [w/v] TTC solution 
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per 1OOml of medium). TTC is reduced by the starter bacteria from a 
colorless soluble form to a red or pink insoluble form that precipitates 
around the starter colonies, making them more readily apparent. If this 
medium is used to enumerate citrate-utilizing bacteria in cheese, 
colonies surrounded by halos should be examined microscopically, 
because many mesophilic lactobacilli, which are found in high numbers 
in ripened cheese, metabolize citrate and will produce halos around the 
colonies. 

There are no specific selective media for the bacteria found in the 
smear on cheese. All these bacteria are salt-tolerant, so the addition of 
NaCl (e.g., 7Og/liter) to an otherwise suitable medium (e.g., plate count 
agar) will inhibit the starter bacteria without affecting the smear bac- 
teria. These bacteria grow slowly; therefore, plates must be incubated 
for at least 5 days. 

Numerous selective media have been proposed for enumerating 
enterococci, but none is completely reliable. The most commonly used 
ones are m-Erzterococcus, KF, and kanamycin aesculin azide (KAA) 
agars. Good selective media are available for Staph. aureus (Baird 
Parker agar), coliforms (Violet Red Bile agar), and yeasts and molds 
(Potato Dextrose Agar acidified to pH 3.5 with lactic acid or Yeast 
Glucose Chlorotetracycline agar). The antibiotic (chlorotetracycline) 
inhibits the bacteria without affecting yeast and molds. Yeasts and 
molds are easily distinguished, because the latter produce large fluffy 
colonies rather than the small, opaque, sometimes glistening colonies 
of yeast. 

11.1 4 FLAVOR DEVELOPMENT DURING RIPENING 

Cheese flavor cannot develop without the involvement of LAB. During 
the ripening of cheese, three major biochemical even ts-glycolysis, 
lipolysis, and proteolysis-occur, each of which is involved in flavor 
formation. The latter is probably the most important and also the most 
complex. 

Glycolysis is the conversion of lactose to lactic acid and is almost 
exclusively due to the growth of the starter bacteria (see Chapter 1 in 
this volume) and the lactate produced gives the freshly made cheese 
its overall acidic taste. They can also produce other compounds-for 
example, diacetyl, acetate. and acetaldehyde, which are important 
compounds in flavor formation in fresh cheeses; diacetyl is also an 
important flavor compound in hard cheeses. 



FLAVOR DEVELOPMENT DURING RIPENING 555 

Lipolysis results in hydrolysis of the milk fat and the production of 
glycerol and free fatty acids, many of which, particularly the short-chain 
ones, have strong characteristic flavors. There are several potential 
sources of lipase in cheese, including milk, pregastric esterase in rennet 
pastes for Italian cheeses, starter, NSLAB, and the secondary flora. 
Native milk lipase is inactivated by pasteurization and is of no signifi- 
cance in lipolysis in cheeses made from pasteurized milk. In hard 
cheeses made from pasteurized milk the major source of lipases are 
the starter and NSLAB. Even though these bacteria only produce 
small amounts of these enzymes, they result in significant activity in 
the cheese during the long ripening time. P roqueforti possesses 
considerable lipolytic activity and is responsible for the strong rancid 
taste of Blue cheeses, which can contain -30g of fatty acids per 
kilogram.The fatty acids can be further metabolized to methyl ketones 
by the molds present in blue mold cheeses. The ketones contain 
one less carbon than the fatty acid from which they are produced. Fat 
also acts as a solvent for many of the flavor compounds produced in 
cheese. 

The sources of proteinases in cheese are milk itself, chymosin, starter, 
NSLAB, and the secondary microflora (coryneforms, micrococci, 
staphylococci, yeasts, and molds). Native milk proteinase is called 
plasmin and is only significant in cheeses, which are cooked to high tem- 
peratures because the cooking process inactivates chymosin. A gener- 
alized and therefore oversimplified view of proteolysis is as follows. 
Chymosin is responsible for the initial hydrolysis of the casein into 
large and s q l l  peptides, which the proteinases and peptidases, which 
are released from the starter by autolysis, act on to produce smaller 
peptides and free amino acids. Many of the small peptides and amino 
acids contribute directly to flavor, but the starter bacteria also have a 
plethora of enzymes that degrade the amino acids to amines, acids, alco- 
hols, carbonyls, sulfur-containing compounds, and so on, which are also 
involved in flavor formation. Proteolysis can be limited (e.g., in Moz- 
zarella cheese, due to the high heat treatment it gets during the knead- 
ing process) or extensive (e.g., in mold-ripened cheeses). At  one time 
it was considered that the major role of the starter organisms was to 
produce the right environment for purely chemical reactions to 
occur, but it is now felt that chemical reactions play no role in flavor 
development. Instead, biochemical reactions are involved, for which 
enzymes are necessary. For a more exhaustive treatment of the bio- 
chemistry of cheese ripening and flavor formation, see Urbach (1995), 
Fox and Wallace (1997), and Fox et al. (2000). 
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11.15 ACCELERATION OF RIPENING 

Ripening of hard cheeses is a slow process and can take as long as 3 
years in the case of Parmigiano-Reggiano cheese. Long ripening times 
make ripening an expensive process; consequently, numerous methods 
have been studied to accelerate it and reduce the cost. The methods 
include raising the temperature of ripening, addition of various 
enzymes, addition of chemically, physically, or genetically modified 
cells, addition of adjunct cultures, or increasing the moisture. The ripen- 
ing temperatures for cheese varies from 7°C for Cheddar to -22°C 
for Swiss-type cheeses; Dutch, mold, and smear cheeses are ripened 
at -15°C. Increasing the temperature is the easiest and cheapest way 
of accelerating ripening. There is a risk of increased spoilage of the 
cheese, but this is unlikely if the cheese has been made to the correct 
composition. 

Proteolysis is thought to be the limiting step in cheese ripening, and 
various proteinases (from molds and bacteria) and peptidases (from 
starter cultures) have been suggested. One of the disadvantages of 
these is that much of the enzyme is removed with the whey, and rela- 
tively little remains in the cheese. 

This increases the cost, and so most investigators add the enzyme to 
the curd at salting. This method is only suitable for Cheddar cheese 
where the curd particles are relatively small because diffusion of 
enzymes is very low. Encapsulation of enzymes has also been studied. 
The microcapsules are incorporated into the cheese efficiently, but the 
efficiency of encapsulation itself is low and increases the cost. Rapid 
lysing cultures have also been tried especially as a source of peptidases. 
Novel methods involves the use of cultures containing prophages that 
are induced by the cooking temperatures or cultures that are sensitive 
to a particular bacteriocin, produced by one of the starter cultures. 

Because the starter plays a key role in cheese ripening, it might be 
expected that increasing cell numbers would accelerate ripening, but 
high cell numbers have been associated with the development of bit- 
terness, at least in Cheddar cheese. An alternative is to add attenuated 
starter cells, which have lost their acid-producing ability (excessively 
rapid acid production is undesirable in cheese) but retain their prote- 
olytic and peptidolytic activities. Physically heated cells (e.g., by heat 
or freeze-shocking) treated with lysozyme (to hydrolyze the cell walls), 
lactose, and proteinase negative mutants have also been shown to be 
effective, at least at the pilot scale level. Adjunct cultures, particularly 
mesophilic lactobacilli, have also been shown to improve the flavor, 
particularly of Cheddar cheese. Elevated ripening temperatures are the 
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simplest and most effective method of accelerating the ripening of 
Cheddar cheeses (Fox et al., 1996). The use of exogenous enzymes has 
not been commercially successful. Fox et al. (1996) concluded that the 
key to accelerating the ripening of cheese ultimately depends on 
identifying the key sapid flavour compounds. This has been a rather 
intractable problem: Work on the subject commenced nearly 100 years 
ago and has been quite intense since about 1960-that is, since the 
development of gas chromatography. Although as many as 400 com- 
pounds, which might be expected to influence cheese taste and aroma, 
have been identified, it is not possible to describe cheese flavor 
precisely. Until such information is available, attempts to accelerate 
ripening will be speculative and empirical. 
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CHAPTER 12 

MAINTAINING A CLEAN 
WORKING ENVIRONMENT 
RICHARD K. ROBINSON 
School of Food Biosciences, The University of Reading, Reading, England 

ADNAN Y. TAMIME 
Scottish Agricultural College, Ayr, Scotland 

12.1 INTRODUCTION 

While all plants used for the production of pasteurized liquid milk are 
basically similar, the layout of the factory may be surprisingly idiosyn- 
cratic. There are, of course, general guidelines for maintaining a clean 
working environment that apply to all dairy operations; but, even so, 
there may be numerous solutions to the same problem. For example, 
the “ideal” detergent for one type of food residue may be quite in- 
appropriate for another; similarly, one sterilant formulation may be 
highly effective against Gram-positive bacteria but leave populations 
of Gram-negative bacteria largely unscathed. 

It is vitally important, therefore, that factory managers seek expert 
advice with respect to the hygienic design and operation of any given 
process line and, in addition, are fully aware of the microbiological 
hazards that may be associated with every facet of the manufacturing 
facility. 

12.2 LIKELY SOURCES OF CONTAMINATION 

Just occasionally, food ingredients can be contaminated at the source; 
the presence of Camplylobacter spp. in milk as it leaves the udder 
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(Keceli and Robinson, 1997) or Salmonella enteritidis in eggs (Delves- 
Broughton and Board, 2000) are cases in point. Alternatively, raw 
materials can attract an undesirable microflora during collection and/or 
storage, and the presence of spores of Bacillus spp. in milk powders is 
usually the result o f  contamination prior to processing. Consequently, 
an end-user should always purchase ingredients against an agreed spec- 
ification that is relevant to the application. The same restrictions should 
be extended to packaging materials as well, because there is little point 
in maintaining a positive pressure of sterile air over a filling line if the 
cartons are already contaminated. However, while manufacturers need 
to be aware of this essential requirement, it is likely that most incidents 
of product contamination arise within the premises of manufacture and 
from one or more of the following sources: 

- The environment 
- Improperly cleaned plant and equipment 
- Food handlers 
- Spoiled or waste products 

Effective control over each of these facets of a food-related operation 
will be essential to ensure that the microbiological or chemical integrity 
of the product(s) is not compromised. 

12.3 THE ENVIRONMENT 

On many occasions, a new development may have to be located in 
an existing factory; but if the choice is green-field site, it is worth 
surveying the site in advance for potential microbiological hazards. 
If the prevailing wind passes over a rubbish dump prior to reaching 
the factory, airborne pollution will be a major hazard, while the 
location of the facility on a flood plain could lead to equally serious 
problems of a different kind. Access by unpaved roads should be 
avoided as well, because the accumulation of water in winter or swirling 
dust in summer can make the attainment of hygienic working condi- 
tions extremely difficult (IDF, 1994). Annual temperature and rainfall 
profiles are also worth noting because, although such figures are un- 
likely to determine the location of a factory, the hygienic design of 
the interior must take into account the predicted range of relative 
humidities and temperaturcs. 
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12.3.1 Airborne Problems 

The air entering any building will contain nonviable dust along with 
endospores of Bacillus spp., various species of non-spore-forming bac- 
teria and yeasts, and a range of mold spores. The balance between the 
different groups will depend upon the location of the factory, the time 
of year, and climatic conditions. Yeasts, for example, tend to dominate 
the air flora in the spring following their release from opening leaf or 
flower buds, while mold spores reach their highest level after showers 
of rain. The end result is that bacterial counts in the air circulating 
within a factory may range from 5.8 x 10’ colony-forming units (cfu) 
m-’ to more than 4.0 x lO’cfum-’ with yeasts and molds in the range 
of 2.0-10.0 x 10’cfum-’ (Luck and Gavron, 1990). The main sources of 
this microflora are air movement into the plant, open drains in the floor, 
and the passage of personnel. 

Little can be done about movement of air into a factory because, 
apart from the natural opening of doors for ingredient, product, or per- 
sonnel movements, ventilation is essential to remove heat and moisture 
released during processing. However, with air filtration, the risk of air- 
borne contamination declines dramatically, and the ducting of incom- 
ing air through a primary filter to remove gross contamination (5.0- to 
10.0-ym diameter) followed by a filter capable of removing 90-99% of 
particles above 1.0pm is essential for areas containing open vats of 
food. In selected parts of a factory, the use of filters capable of remov- 
ing 99.9% of all particles in the 0.1- to 0.2-ym range or 99.9% of 
units down to 0.01pm may be essential to achieve a desired shelf life. 
However, the location of air intakes and outlets, the method and fre- 
quency of cleaning filter-holders, and the routine for replacing filters 
are aspects that merit inclusion within the hazard analysis critical con- 
trol points (HACCP) plan (see Chapter 14 in this volume), and some 
useful guidelines with respect to recommended standards for air clean- 
liness in the food industry, contamination control in a processing 
environment, and maintaining efficiency of air filtration systems have 
been compiled by Brunderer and Schicht (1987), Anonymous (1988), 
Schicht (1989, 1991), Ligugnana and Fung (1990), Fitzpatrick (1990), 
Bliimke (1993), Hampson and Kaiser (1995), and Audidier (1996). In 
addition, it is important to remember that excessive movements by per- 
sonnel or too high a density of staff can negate attempts to attain clean 
air, as can the storage of inappropriate packing materials (e.g., card- 
board outer sleeves), in a sensitive area (refer to Chapter 14 in this 
volume for further details). 
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In general, it has been proposed that good-quality air should have 
total bacterial count of <2.0 x 1O2cfurn-’ and a yeast and mold count 
of <1.0 x 1 0 ’ c f ~ m - ~  (Luck and Gavron, 1990), and these standards 
should be attainable over a section of a production line for wrapping 
consumer portions of butter, for example. If the area in question can 
be physically isolated, then the use of filtered air to achieve a positive 
pressure in the room can further reduce the risk of casual microbial 
contaminants entering from outside. 

Additional security can be gained through the installation of ozone 
generators. If these are allowed to operate in the confines of a pro- 
duction for 5-6 h overnight, then most bacteria (including Escherichia 
coli 0157) or mold spores exposed to the ozone (0,) will be killed 
(Anonymous, 1999a). Average concentrations of ozone as low as 
1.17mg liter-’ of air can achieve 100% mortality in 5-6h of exposed 
microorganisms-that is, those not on soiled surfaces and protected 
by food residues. Enough time must be allowed for the ozone level to 
decline to below the level recommended for a working environment 
(0.2mg liter-’ of air) before the next shift starts, and it is advisable to 
install ozone monitors to ensure that workers are not placed at risk. 
Two further attractions of this system are that (a) ozone will oxidize 
many of the organic compounds associated with unpleasant odours, 
thereby making for a much more pleasant atmosphere, and (b) during 
its antimicrobial action, each ozone molecule reverts to oxygen, so that 
no toxic residues are left on any contact surfaces. 

The alternative of “fogging” has been explored in the cheese indus- 
try-“mists” of hypochlorite in starter culture rooms, for example- 
but, aside from the fact that chlorine is corrosive to some metal sur- 
faces, lingering residues may make the atmosphere unpleasant for 
the work force. Occasional “fogging” with more dangerous reagents 
like formaldehyde or peracetic acid is practiced, but health and safety 
issues tend to limit their use (Anonymous, 1998). Some practical guide- 
lines to the use of disinfectant “mists” are available from agencies, 
such as Codex Alimentarius or the Department of Environment, Food 
and Rural Affairs (DEFRA) in the United Kingdom, but the effec- 
tiveness of “fogging” is controversial. Thus, while Hedrick (1975) 
reported that “chlorine fogs” could reduce the counts of airborne 
microorganisms in dairy plants, Holah et al. (1995) described “fogging” 
as an ineffective and uncontrollable system of air disinfection. 
However, “uncontrollable” may be the key word, because Burfoot 
et al. (1999) suggest that “fogging” is most effective when the median 
diameter of the fog droplets ranges from 10pm to 20p.m; water droplets 
in this range disperse well and settle within 45min. 



THE ENVIRONMENT 565 

Consequently, it may be more appropriate to consider “fogging” as 
an additional safeguard rather than as a replacement for other routines 
for reducing the microbial load in the atmosphere. 

12.3.2 Water Supplies 

Water is required in the dairy industry for incorporation into a 
product-for example, for the recombination of powder, for process 
operations like heating and cooling, and for the cleaning of plant, 
equipment, and fabric of the factory. Consequently, the overall water 
requirements of a dairy plant are large and, while not all supplies need 
to be of potable quality or better, water conservation and management 
have become major issues. Obviously, the volume of water required for 
direct incorporation or process applications will vary from product to 
product, but it is of note that factories in different countries have dif- 
ferent demands, even when manufacturing the same product. Accord- 
ing to Hiddink (1995), the water-to-milk ratios for liquid milk and/or 
dessert processing ranged between 0.5 and 6.71 kg-’ of milk in Belgium, 
Germany, Hungary, Ireland, and United Kingdom. 

In most industrialized countries, domestic water supplies are safe to 
drink, and only occasionally do blooms of toxic algae or the develop- 
ment of protozoa (e.g., Cryptosporidium spp.) in reservoirs cause prob- 
lems. One of the reasons for this general level of confidence is that 
pathogens like E. coli, Listeria monocytogenes, or Salmonella spp. 
cannot grow in water, and, in any event, such organisms are sensitive 
to the levels of chlorine found in drinking water. Nevertheless, inabil- 
ity to grow in water does not imply an inability to survive, and hence 
it is important that water used for rinsing items of equipment or the 
curd and/or flavoring components of cottage cheese, (e.g., chives or 
cucumber) should be of a higher quality than mains water; addition- 
ally, any vats of water used for washing purposes should be changed 
frequently.The importance of this latter point was highlighted by Gohil 
et al. (1995), who noted that, while fresh salad vegetables purchased 
direct from a market were free from L. monocytogenes, the proposed 
standard for L. monocytogenes in washed, prepacked salad vegetables 
is d . 0  x 102cfug-’ (Lund, 1993). This latter figure suggests that there is 
a real risk of contamination during the washing/chopping/mixing of 
fresh vegetables, and the role of polluted water could be important. If 
the vegetables are to be blended with a dressing of pH 4.3 or below, 
then spoilage problems from airborne yeasts will the principal concern, 
but otherwise the quality of any rinsing/washing water must be care- 
fully monitored. 
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Even in the absence of any risk from pathogens, the level of chlori- 
nation in potable water is usually ineffective against spoilage groups 
like Pseudornonns spp., which, under aerobic conditions, can cause 
taints or other defects in any dairy products of neutral pH; this risk 
even applies to foods stored at 34°C. Given this latter dimension, 
WHO (1993) and Hiddink (1995) suggested that water likely to come 
into direct contact with components of a meal should have a psy- 
chrotrophic count of <1.0 x 102cfuml-’ and that a count of >1.0 x lo3 
cfuml-’ should be rated as “unsatisfactory”; the proposed standards for 
other bacterial groups are give in Table 12.1. Consequently, the intro- 
duction of a plant to chlorinate water supplies to >20mg liter-’ and 
monitor that the level is maintained throughout a normal shift can 
prove a worthwhile investment. 

Treatment of process or washing water with short-wave (254nm) 
ultraviolet light could be considered as an alternative to chlorination 
(WHO, 1994; Sharma, 2000; Bintsis et al., 2000). The advantage of UV 
disinfection is that it leaves no taints or taint-generating residues in the 
water, but the disadvantage is that the system has to be carefully engi- 
neered to be successful. In particular, the depth of water to be treated 
has to be restricted, the flow through the region under the UV source 
has to be turbulent, and the water must be adequately filtered before 
exposure to the germicidal waves. This filtration stage is essential to 
remove not only particulates that might protect bacteria from the UV 
light, but also “clumps” of bacteria; in the latter case, bacteria on the 
outside of the “clump” will absorb the UV and leave the centrally 
located cells intact. 

12.3.3 Animal Vectors 

Infestation implies the presence of storage pests other than micro- 
organisms, and hence that problems may be associated with rodents, 
birds, or insects. An outline of their potential activities is shown in 
Table 12.2, but some specific features of each group are worthy of 
mention. 

72.3.3.7 Rodents. In some locations, squirrels can be a problem, 
but contamination of foodstuffs is more usually linked with the activ- 
ities of rats and mice-principally the Norway rat, the roof rat, and 
the house mouse. These three animals enjoy worldwide distribution, 
and their omnivorous diets render most food stores attractive targets. 
Any unguarded gap in masonry (including drains) or woodwork can 
provide access and, while the roof rat enjoys the best reputation for 



TABLE 12.1. Detailed Specifications of Drinking and Process Waters 

Sulfate 
Calcium 
Magnesium 
Sodium 
Potassium 

Parameter 

l (mg liter-') 

European Union 

GL7 MAC" WHO 

Total viable count (22°C) ] (cfu ml-,) 
(37°C) 

(cfu IOOmI-') 1 Coliform 
Fecal coliforms 
Fecal streptococci 
Sulfite-reducing 

Clostridia spp. (cfu 20ml-') 

6.5-8.5 
400 
25 
25 

100 
30 
20 
10 

0.05 

25 

0.05 
1 
2 

50 
20 

100 
100 
400 

h - 

- 

250 

50 
150 
20 

- 

0.2 

50 
0.1 
0.5 

5 
10 

200 
50 

3000 
5000 
5000 

- 

50 
5 

50 
50 
1 

50 
50 
10 
10 
0.5' 
0.2 

4 0 0  
<10 
<1 
<1 
<1 
<1 

<8.0 
- 

<250 
<250 
- 

- 

<200 
- 

4 . 2  

- 

<300 
4 0 0  

4 0 0 0  
<3000 
- 

<lo 
<3 

<70 
<so 
<1 

<20 
<so 

<5 
<lo 

0.03d 
<0. 1 

- 

0 
0 

"GL, guide level; MAC, maximum admissible concentration. 
'Data not reported. 
'Total level of all pesticides. 
dPer individual substance. 
Source: After Hiddink (1995). 
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TABLE 12.2. Some Examples of Problems Associated with Animal Vectors 

Group Result of Attack 

Rodents Loss by consumption and partial eating of products. 
Contamination with droppings, hair; health hazard from bacteria. 
Indirect losses from damaged containers. 
Possible blockage of pipework, and considerable contamination if carcass 

Consumption and contamination by droppings, feathers. 
Limited losses, but high risk of bacterial contamination. 

accidently macerated during product handling. 
Birds 
Insects 

climbing, the agility of most rodents makes entry at roof level a feasi- 
ble proposition. 

While the food consumption per animal at any one point in time/ 
location is not high, large volumes of food can become contaminated 
with saliva, hairs, urine, or feces. As all such contaminated food has to 
be discarded, the prevention of infestation is essential, and this ap- 
proach will involve the following: 

- Careful observation of possible entry points. Rats, in particular, are 
creatures of habit, and they soon leave black greasemarks on 
favored runways. In addition, rodent urine and hairs fluoresce 
brightly in UVA, so that occasional inspections with “black” 
lamps will help to confirm that rats have not found an entry point 
(Anonymous, 1999b); 

- Rodent-proofing of vulnerable points with, depending upon the 
location, sheet metal or wire mesh. 

Control through the use of rodenticides is always possible, but 
prevention is far better than cure! 

72.3.3.2 Birds. Birds are a potentially serious nuisance because 
their droppings may contain salmonellae or other pathogens. However, 
it is usually easy to deny access to any birds that stray into the vicinity, 
and even potential perches on the outside of buildings can be coated 
with materials to deter habitual use. 

72.3.3.3 Insects. Insects must be deterred from entering food prem- 
ises at all times because some (e.g., the ubiquitous house fly) will 
feed on animal feces and human food alike, and the potential for 
disease transfer is self-evident. The use of aerosol insecticides on dairy 
premises tends to be viewed with some concern, partly because of the 
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potential toxicity to humans if a foodstuff becomes contaminated and 
partly because a dying insect could easily drop into an open vat of milk 
without being noticed-except perhaps by the eventual consumer. For 
this reason, it is better to employ fine gauze screens over store-room 
windows, along with electrified grids backed by ultraviolet fluorescent 
tubes in food processing areas; the latter are excellent for trapping all 
flying insects (WHO, 1994). The control of cockroaches, on the other 
hand, does require the skilled application of insecticides. Thus while, 
in most cases, cockroaches do not pose a serious health risk, they 
have been reported to carry pathogenic bacteria, and hence population 
numbers must be kept under strict control. 

12.3.4 Structural Features 

One of the most obvious means of avoiding aerial contamination 
involves the physical separation of specific processes (e.g., dry mixing 
from wet mixing operations) or the separation of storage facilities for 
milk powder-for example, away from stores holding product cartons 
or wrapping foils. However, achieving the optimum degree of com- 
partmentalization may not be easy, because old buildings are often 
not amenable to conversion, and the allocation of large floor areas for 
storage may not prove popular with the accounts department. Never- 
theless, it is an aspect of any operation that should be evaluated on a 
regular basis, and with particular diligence if a new product line is being 
introduced that is potentially susceptible to spoilage. For example, a 
draught originating in a packaging store may have to be deflected away 
from a newly sensitive area by the introduction of heavy-duty, poly- 
thene strip curtains, and such foresight can prove well worth the effort 
(Brolchain, 1993). 

The same diligent appraisal should be given to monitoring the flow of 
material(s) through a factory, and the general principles are as follows: 

- Ingredients should enter at one end of a building and be held in a 

- The processing and cooling stages should follow. 
designated stores or silos. 

The flow of end product should then meet with a flow of packag- 
ing materials coming from a separate store. 

- The packaged food should then enter a finished product store for 
bulk packaging and dispatch. 

This logical approach, together with the isolation of plant services 
and office facilities, can help to prevent casual incidents of airborne 
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contamination (Brolchain, 1993), the more so if none of the sensitive 
areas are allowed to function as passageways for personnel. In addi- 
tion, all internal doors should be self-closing and, if in frequent use, the 
separation should be enhanced with strip curtains or, if appropriate, an 
efficient air curtain; only emergency exits should lead from a process- 
ing area to the outside. 

The flow of materials should also take account of the concept 
of “clean” and “unclean” areas. For example, the reception area for 
raw milk will, by the very nature of the operation, be classed as micro- 
biologically “unclean,” and it is vital that adventitious bacteria and 
fungal spores arriving on milk tankers should be denied access to a 
“clean” room holding exposed cartons of retail product-that is, food 
that will not be subject to a further process that will destroy micro- 
organisms. Similarly, the presence of bacteria in raw milk is not im- 
portant because it will be subject to pasteurization or sterilization, but, 
ahead of the heat-treatment stage, raw milk must not be allowed to 
contaminate any surfaces that will come into contact with the retail 
product(s). 

72.3.4.1 Floors. The other consistent source of contamination will 
be the floor, which should be constructed of high-quality concrete with 
a “topping” that offers a range of properties. For example, hygiene will 
be a major consideration, but, because many food production areas are 
wet, a high degree of slip resistance is important to ensure operator 
safety. In addition, the surface must be hard-wearing: “Scuffing” can be 
important where pieces of equipment have to be moved on a regu- 
lar basis, be resistant to cleaning chemicals, and, if steam cleaning is 
employed, be able to withstand elevated temperatures. This tolerance 
of thermal shock must apply equally to the bond with the underlying 
concrete, because lifted finishes can soon crack and leave cavities for 
detritus/microbial growth to buildup. 

Resin flooring provides a seamless covering that is produced by a 
chemical reaction between liquid components. Because one or more of 
the components may be volatile, it is essential to check that the floor, 
once hardened, does not give off any volatile compounds that might 
give rise to taints. Epoxy resin floors exhibit excellent durability and 
resistance to chemicals, but they are intolerant of high tempera- 
tures and the floor may retain a residue of volatile materials long 
after application. Consequently, polyurethanes have become the floor- 
ing material of choice for the food industry, and they can be laid as 
thin seals intended merely to prevent through to heavy duty finishes 
up to 9mm thick (Cattel, 1988; Weatherburn, 1997; Jackson, 1997; 
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Anonymous, 1999~).  Further advantages of polyurethane finishes are 
that the floor will be resistant to chemicals, such as the acidic or alka- 
line detergents and sanitizing agents that may be used to clean plant 
or equipment (Jolly, 1993), and they are tolerant of the extremes of 
temperature associated with hot waterkteam cleaning. In this context, 
“sanitizing” implies a reduction in microbial loading on a surface- 
as opposed to sterilization, which should make surfaces free from all 
contaminants. 

Given this inherent compatibility of resin floors with cleaning 
regimes, finishes containing bacteriocidal agents may be best avoided 
because (a) their use may engender a false sense of security (i.e., 
traditional cleaning regimes may be scaled-down), (b) it will only be a 
matter of time before resistant strains of bacteria arise within a factory, 
and (c) if one of the first species gaining resistance happens to be a 
pathogen, then the absence of competition could enable the pathogen 
to pose a serious risk (Anonymous, 1999~).  Obviously this latter risk 
may be exaggerated, but it remains an aspect of floor construction that 
merits serious consideration. 

Quarry tiles are impervious to water and chemicals; and if embed- 
ded in, and grouted with, a similarly resistant mixture, they can provide 
a long-lasting alternative to resin floors. 

Both forms of flooring have advantages and disadvantages. For 
example, tiles are extremely durable, but, if the grouting between the 
tiles becomes loose, the resulting cavities will provide a serious reser- 
voir of potential contamination. Synthetic finishes can crack or peel, 
particularly if laid by inexperienced contractors; and if carelessly drilled 
after laying, water can slowly migrate along the concreteh-esin interface 
until the entire floor begins to lift. However, as knowledge of synthetic 
finishes improves, so should their durability, and there is little doubt 
that a joint-free surface has much to recommend it. 

By their very nature, certain areas of floor will be designated as walk- 
ways, while other areas will be covered with tables for handling ingre- 
dients, or with mixers or other items of equipment. These divisions 
mean that a definite strategy for cleaning will have to laid down, and 
some considerations may include the following: 

- Mechanical cleaning equipment of the correct capacity for the floor 
area should be available (Anonymous, 1999d). 
Detergents and sanitizing agents must be selected that are appro- 
priate for the type of soil that may be dropped onto the floor and, 
perhaps, the types of microorganisms that may colonize any food 
residues (Anonymous, 1999e). 
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- Tables on castors/clamps are useful to allow easy floor cleaning, but 
high-pressure jets may be necessary to scour corners or crevices 
that are inaccessible for cleaning machines. 

- A timetable for cleaning must be agreed upon, along with proce- 
dures to cope with unexpected spillages. In other words, while 
spilled food must not be left on a floor to “ferment” until the end 
of a shift, the use of a filthy mop to clean the area may create more 
problems than it solves. 

Because all cleaning/rinsing procedures will involve copious supplies 
of water, a fall of least 1:60 toward suitable floor drains is essential 
(Brolchain, 1993). The design of the actual drain merits careful thought 
as well, because not only must it be accessible for manual cleaning and 
disinfection, but also access to the outside must not provide an entry 
point for insects or rodents. Although they can handle large quantities 
of water, trench drains can be difficult to clean and, in general, hub 
drains can prove much easier to sanitize. 

72.3.4.2 Walls and Ceilings. As with floors, walls must free from 
crevices that could harbor pockets of moist food and live colonies 
of bacterialfungi, and the surfaces must be resistant to hot water 
and chemical detergentdsanitizing agents; in some situations, insula- 
tion may be desirable to prevent surface condensation. The junctions 
between floors and walls must have smooth concave surfaces to aid 
cleaning, and the same consideration must be given to the links be- 
tween ceilings and walls; any contaminants lodged in these latter 
joints could fall directly onto food below. In areas where high-risk foods 
are being prepared (i.e., foods of neutral pH which may be eaten cold 
or after mild warming), such overhead sources of contamination would 
constitute a severe hazard. The same risk could arise from poorly 
grouted ceramic wall tiles, and the option of a seamless surface employ- 
ing a polyurethane-based coating could prove a safer choice. As with 
floors, conventional cleaning is straightforward; and if the basic resin 
does not distort at high temperature, steam cleaning can be employed 
on a occasional basis to ensure high standards of hygiene. Further- 
more, the introduction of color no longer presents any obstacle to con- 
tractors, so that walls can both be hygienic and provide an attractive 
working environment. 

Horizontal ledges like shelves or window sills should be avoided; and 
if a ledge is unavoidable, a downward sloping surface of at least 45” 
should avoid the accumulation of dust and other debris (Brolchain, 
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1993; Timperley, 1993, 1994; IDF, 1997a). To avoid the problem of 
droplets of condensation carrying microorganisms into food, windows 
should be double-glazed, easily accessible for cleaning, and, in process- 
ing and packaging areas, made of clear polyvinylchloride; broken 
glass is difficult to detect in a retail food item, and it provides a common 
source of consumer complaints. 

The general attitude to ceilings is often “out-of-sight/out-of-mind”; 
and yet every aspect of ceiling design from light fittings to ventilator 
grills must be given a high priority with respect to hygiene, especially 
because the ceiling is often the least accessible area for cleaning. Inter- 
nal girder work should be avoided; and if panels are used to provide 
thermal insulation, the joints must be sealed with a bonding material 
that does not crack or loosen during routine cleaning. 

12.4 PLANT AND EQUIPMENT 

The types of factory that handle milk and milk products range from 
simple labor-intensive units through to highly automated plants relying 
on sophisticated unit operations under computer control. Conse- 
quently, a wide range of processing equipment including heat exchang- 
ers, vats, mixers, and containers may be needed; but whatever the 
configuration, every item must be accessible for cleaning both inside 
and outside. For example, product contact surfaces should be stainless 
steel, and the cleaningkanitizing regime must allow thorough disinfec- 
tion of any surface irregularities. Equally important is the area behind 
or beneath an item of equipment, because if dust or food is allowed to 
build up in such crevices, then occasional incidents of spoilage are sure 
to follow and, being sporadic in nature, the source(s) of such complaints 
will be a nightmare to identify (Hayes, 1985). 

For small-scale operations, two interrelated pressures can cause 
problems. Firstly, the investment necessary to “gut” a building and 
install new plant and equipment may not be available; and secondly, a 
particular process may be little more than a industrial version of a tra- 
ditional or village-scale procedure. If the end result is a hybrid system- 
part industrial and part traditional-then the operators may not realize 
the risks involved in scaling-up a process in order to supply a more 
extensive market. The use of a wooden chopping board to dice a low- 
volume, high-cost ingredient for a speciality cheese could be case in 
point, because expansion to an industrial-scale operation necessitates 
a shift to an impervious, heat-resistant, synthetic surface that will not 
allow the penetration of food or bacteria. 
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In large plants, pipework must be installed with neither dead ends 
from which food is never removed during cleaning, nor unsupported 
runs of pipe that “sag” in the center and provide “pools” of dilute food 
for bacteria or yeasts (Holm, 1980). If the latter situation cannot be 
improved, then filling the cleaned and disinfected plant with water may 
be the only option to prevent the buildup of microbial contamination 
overnight. This latter approach can prove effective if followed by 
sanitization/rinsing immediately prior to start-up next morning, and the 
routine also denies insects or rodents entrance to the pipework. 

However, whatever the scale of the operation, it is important to 
remember that similar plants will be in use elsewhere in the world, 
and that organizations in many countries publish documents covering 
equipment standards with respect to hygiene. For example, the Inter- 
national Association of Milk, Food and Environmental Sanitarians 
(3-A Sanitary Standards, USA), the European Committee for Stand- 
ardisation (CEN/?’C-Belgium), the European Hygienic Design Group 
(Belgium), and the International Standards Organisation (ISO/TC 
199/WG2) can all provide advice on the hygienic design of process 
plant. In addition, the International Dairy Federation issues regular 
monographs on the same topic, and some relevant publications are 
cited in Table 12.3 (see also Clark, 1993; Tuthill et al., 1997; Holah, 
1998). 

12.4.1 Cleaning of Process Plant 

Irrespective of the capacity of the plant, cleaning to remove food 
residues on both the inside and outside of each component must have 

TABLE 12.3. A List of International Dairy Federation Publications Dealing with 
Equipment Specification, Cleaning, and Hygiene 

ToDic Reference 

Equipment 
Corrmion o f  metals 
Milk tankers 
Surface finish of stainless steel 
Hygienic design 

IDF (1980a. 1981,1983, 1988) 
IDF (19XOb) 
IDF (1 985) 
IDF (1987, 1996) 

Hygienic code of practice 
Dairy powders IDF (19X4,1991) 
Factories IDF (1992) 
Milk and dairy products 
Equipment IDF (199Sb, 1997~)  

IDF (IY94,199Sa, 1097h) 
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a high priority. Final decisions relating to the overall cleaning regime 
will have to consider the following: 

- Identification of any points in the layout of the plant that may be 
especially prone to the buildup of food residues. 

- Whether these component(s) need to be dismantled for manual 
washing or whether they can be cleaned in situ; hand washing 
means using lower water temperatures, but the scrubbing and 
visual inspections involved may leave the surfaces really clean. 

- The nature of any residues. Each major ingredient of a food re- 
acts differently to cleaning agents. For example, sugars are easily 
soluble in warm water, but they caramelize in hot surfaces and 
become difficult to remove, whereas fats, although dispersible in 
warm water, are liberated more readily in the presence of surface- 
active agents. 

The selection of the best detergent for the task(s) should be 
completed with expert advice because, in addition to the variables 
mentioned above, factors like available contact-time and hardness of 
local water can alter the expected efficiency of a selected detergent 
(Anonymous, 1999e). 

In general, cleaning of static items of equipment will involve three 
stages: 

- Removal of gross soil through mechanical action in some form- 
for example, hand washing with brushes or the use of high- 
velocity jets of waterkirculating water, and the action of an appro- 
priate detergent. 

- Removal of fine residues of food that may still be adhering to a 
contact surface or may have been deposited during drainage of the 
first wash. 

* Rinsing to remove detergent residues that might hinder the action 
of any chemical sanitizing agents. 

The options for cleaning are summarized in Table 12.4, and 
cleaning-in-place (CIP) is the preferred option for large items of plant 
with the pipework necessary to link into a CIP circuit. The advantages 
of CIP include (a) the use of the highest temperature compatible with 
the chemical composition of the soil and (b) the scouring action of 
cleaning fluid which will pass through pipework at around 1-2 m s-'. The 
use of rotating jets or spray-balls enables enclosed vessels to be thor- 
oughly cleaned as well (Romney, 1990; Tamime and Robinson, 1999). 
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TABLE 12.4. Some of the Options for Cleaning Stainless Steel or Other Hard 
Surfaces in a Food Factory” 

Hoses 

High-pressure Low-Pressure CIP” Manual 

7jpe of soil 
Tenacious (coagulated 

protein, carmelized 
sugar) 

Water-soluble 

Arnoirnt of soil 
High 
Low 

Open vesse1.v 
Easy access 
Difficult access 

1oble.s and henclies 
Horizontal surfaces 
Vertical surfaces 

Enclosed processing eqiriprnenl 
Pipework and tanks 

++ 

++ 

++ 
++ 

++ 
+ 

++ 
++ 

++ 

+ 

++ 

+ 
++ 

++ 
- 

+ 
- 

++ ++ 

++ ++ 

++ ++ 
++ ++ 

++ 
++ 

- 

- 

- ++ 
“The application of detergent foams can he useful for cleaning inaccessible surfaces. 
“CIP, cleaning-in-place; (++/+), suitable if managed effectively; (-). inappropriate. 
Soirrcc: After Harrigan and Park (1991). 

The slight “downside” to the installation of a CIP system is the cost 
of (a) the centrifugal pumps needed to provide the appropriate fluid 
velocity, (b) the tank for holding and heating the detergent solution, 
(c) the valves that isolate the product and CIP circuits, and (d) some 
level of automatic control. The extent of automation can, of course, be 
adjusted to suit the complexity of the plant and the level of investment 
available, but it is essential that the operatives have a visual display 
showing which tankdpipework are full of product and which are being 
cleaned. This degree of control also makes it possible to incorpo- 
rate flexible cleaning schedules into a normal shift pattern, because the 
familiar Gantt charts enable production and cleaning schedules to be 
manipulated to meet the varying pressures that may be placed on 
the manufacturing facilities. Fluctuations in demand for a particular 
product line, for example, or the need to meet a “just in time” delivery 
date can be accommodated much more easily if cleaning of critical 
sections of the plant is under CIP/computer control (Tamime and 
Robinson, 1999). 
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It is evident also from Table 12.4 that not all vessels and surfaces are 
suitable for CIP treatment; in these situations, manual cleaning with 
a suitable detergent followed by rinsing with a high-pressure hose 
can prove just as effective, a point that highlights the necessity of 
ensuring that drains are correctly sited to coincide with the slope of the 
floor. 

12.4.2 Sanitization of Process Plant 

The same care must be exercised with respect to the selection and use 
of chemical sterilants, and the factors that merit consideration are dis- 
cussed in the following subsections. 

12.4.2.1 Concentration of DetergenffSterilant Solution. Ensur- 
ing that the concentration of the selected chemical compound in the 
sterilising solution is correct at the start of a cleaning operation, and 
that the strength does not decline with time. Three types of chemical 
agent tend to be used most widely, and Table 12.5 highlights some of 
their advantages and disadvantages as contrasted with steam. The fact 
that there is no “perfect” sterilant for all operations makes it impera- 
tive that the choice of compound and its optimum working concen- 
tration be discussed with a reputable supplier during the design of the 
sanitizing system. 

If a CIP configuration is present, then probes will be fitted to mea- 
sure the concentration of the sterilant automatically, and any decline 
in concentration will “trigger” a dosing mechanism to rectify the short- 
fall. For manual applications, the sterilant will have to be measured 
out and added by an appointed operative, and samples of the active 
solution will have to be checked in the laboratory at prescribed in- 
tervals. Experience in cleaning a specific section of plant or piece of 
equipment will be necessary to determine the optimum frequency for 
checking the strength of a sanitizing solution, and the decision will have 
to be included in the appropriate Process Manual along with details of 
the test procedure(s). 

In general, halogen-based sanitizing agents are the most effective; 
and while iodophores have the advantages of causing little corro- 
sion and leaving visible stains in a poorly cleaned plant, chlorine- 
based agents are usually more microbiocidal (Romney, 1990). Sodium 
or calcium hypochlorites are the most popular sources of chlorine, and 
a concentration of 200-250mg liter-’ of solution is a feasible working 
target. 
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TABLE 12.5. A Comparison of the Activities of Some Commonly Used Sanitizing Agents 

Properties Steam Chlorine lodophors QAC“ 

Effect against: 
Gram-positive bacteria 

(e.g.. starter cultures, 
clostridia, Bnci1hi.s spp.. 
SlnphylococclLs spp.) 

Gram-negative bacteria 
(e.g.. t: col i ,  Srilr~iorielln 
sppp.. psych rotrophs) 

Spores 
Yeasts 

Effective at  neutral pH 
Chrrosive t o  metals 
Effect of hard water 
Incompatible 

Stability of working solution 

Best G O d  Good Good 

Best Good Good Poor 

Good 
Best 
Yes 
NO 

None 
Heat- 

sensitive 
materials 

- 

Good 
Good 
Yes 
Yes 
None 
Phenols, 

amines, 
soft metals 

Dissipates 
rapidly 

Fair 
Fair 
No 
Slightly 
Some 
Starch 

Dissipates 
slowly 

Poor 
Poor 
Yes 
N O  

Variable 
Anionic 

wetting 
agents, soaps. 
wood. cloth, 
cellulose, 
nylon 

Stable 

Stability in hot water (>65”C)” - Clnstable Unstable Stable 
Leaves active residue No N o  Yes Yes 
Tests for residual chemical None Simple Simple Difficult 
Cost Expensive Cheapest Cheap Expensive 

“OAC’, quaternary ammonium compouncls. 
“Some halogen compounds are stable. 

Sorrrcc: After Harrigan and Park (1991). 

72.4.2.2 Contact T h e .  The contact time between the solution and 
the surface of the equipment is also critical, as is the temperature of 
the solution. In practice, a contact time of 10min at 40°C or 15-20min 
at ambient temperature should be regarded as the minimum conditions 
to achieve total counts of 2.0 x to ~ 1 . 0  x l0’cfu 100cm-2 using 
hypochlorites. For surfaces in contact with pasteurized retail items 
that will not be reheated, the appropriate counts should be 4 0 c f u  
100 cm-’. 

72.4.2.3 Cleaning Cycle. If the cleaninghinsing stage is not com- 
pleted efficiently, presence of residual food on the surface may protect 
bacteria from the action of the biocidal agent, or there may be an inter- 
action with residual detergent (Tamime and Robinson, 1999). 
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This latter point may be especially relevant to manual operations 
because, on some production lines, a “clean as you go” policy means 
that ingredient containers and associated utensils may be removed at 
regular intervals for washing and sanitizing. This policy is clearly advan- 
tageous in removing soiled items to an area away from the processing 
operation, particularly because the adhering food could allow the 
growth of bacteria or fungi. However, it is important that the wash- 
ing facilities for such items are physically separated from the main 
process room, and that the sanitizing regime produces surfaces with 
microbial counts at the levels suggested earlier. 

For a persistent problem of contamination from plant or equipment, 
heat is often the best option. One traditional option is the circula- 
tion of water at 80-85°C for 30min; and for complex pieces of plant- 
like plate coolers, this approach can be most effective in eliminating 
microorganisms from crevices where chlorine has failed to penetrate. 
Similarly, oven-drying can be used to sterilize small components with 
difficult surfaces, and steam under pressure can achieve the same end- 
point-that is, <lcfu 100cm-2 with large items of plant. However, 
high-pressure steam is a difficult and dangerous medium to handle; 
and unless the food itself is commercally sterile (e.g., UHT treated), 
surfaces that have been sanitized should be quite adequate. 

12.4.3 Hygiene Monitoring 

Targets for hygiene are of little value unless they can be monitored, 
and while there are microbiological methods available to monitor the 
total counts on items of plant, most methods require the establishment 
of a laboratory designed to handle live cultures. For large factories, 
the investment in laboratory facilities and personnel can be justified, 
particularly because the workload can be readily expanded to check 
end-product specifications as well. Small- or medium-sized operations 
may, by contrast, find it difficult to justify the expense of an on-site lab- 
oratory, and yet routine (i.e., at least once a week) checks on cleaning 
efficiency are essential. 

Thus, every sanitized item of plant or equipment will retain a “back- 
ground” count that should vary only within well-defined boundaries 
and where the actual mean count (cfu 100cm-2) will depend on (a) the 
use to which the item is put, (b) the nature of the surface, and (c) the 
method of cleaning/sanitizing. As mentioned above, the mean back- 
ground count designated as acceptable can be adjusted in light of the 
food in contact with the surface (e.g., raw material or pasteurized end- 
product), and it should be anticipated that this figure will be broadly 
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stable. Hence it is “wild” fluctuations outside the preset boundaries 
or a general upward trend in counts that are causes for concern, and 
such changes can only be identified by routine observations over an 
extended period of time (Jarvis, 2000). 

12.4.4 Procedures for Hygiene Assessment 

The value of visual appearance, smell, and even touch in determining 
cleanliness should not be ignored; but in recent years a cheap, conve- 
nient, and objective method of monitoring the hygienic state of food 
contact surfaces has become available, namely, the ATP Biolumin- 
escence System. It is based upon the fact that all biological materials 
(i.e., food residues or microorganisms) contain a chemical compound- 
adenosine triphosphate (ATP)-that is an essential component of all 
metabolic reactions where the transfer of energy is involved. Conse- 
quently, on any food contact surface, there will be a “background” level 
of ATP deposited by food residues and/or microorganisms (Anony- 
mous, 1999f). If this level of ATP rises above a predetermined “norm,” 
then it can be assumed that the surface has been inadequately cleaned 
and that microbial counts may have increased as well (see Chapter 14 
in this volume). 

While the ATP Bioluminescence System is an excellent guide to 
general hygiene, it reveals nothing about the presence of pathogens, 
and some manufacturers may feel that this “absence of information” 
should be remedied. Obviously, many supplier/buyer contracts stipu- 
late that the supplier must routinely send random samples of end- 
product for microbiological analysis by an accredited laboratory; and 
while this procedure is a useful safeguard for consumers, routine 
monitoring does increase producer/buyer confidence. However, as 
mentioned earlier, the size of many companies does not justify the 
establishment of extensive laboratory facilities, but this limitation does 
not mean that the employment of “low-technology” procedures does 
not merit consideration. 

The examination of plant or equipment for specific pathogens is 
rarely justified, but there is no reason why routine checks for so- 
called indicator organisms should not be introduced. One group of bac- 
teria that is useful in this context are the “coliforms,” which are easily 
detected (see Chapter 14 in this volume); if detected on a piece of plant 
or equipment, their presence suggests that (a) standards of plant sani- 
tation need to be raised and (b) there is the possibility that serious 
human pathogens could be present as well. 
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The most common procedure is to rub a food-contact surface with 
a sterile swab and then disperse any bacteria adhering to the swab 
into 10ml of a physiologiclly inert diluent (0.1% peptone water or 
maximum recovery diluent) (Brisdon, 1998). One-milliliter aliquots 
of the contaminated diluent are then dispensed into three tubes (with 
inverted Durham tubes inside) of MacConkey broth (Brisdon, 1998) 
which are then incubated at 37°C for 72 h. If an estimate of numbers of 
coliforms is required, then two or more 10-fold dilutions of the origi- 
nal diluent can be made, and three tubes of MacConkey broth can be 
inoculated from each dilution. 

If the indicator dye in the MacConkey broth changes color to 
confirm that acid has been produced and gas is present in the Durham 
tube, then the tube(s) is positive for coliforms. An estimate of the 
number of coliforms ml-’ of the original diluent can be obtained by 
counting the number of positive tubes at each of three dilutions, and 
calculating the most probable number (MPN) of coliforms from a pub- 
lished “table.” If the presence of this group, which includes inhabitants 
of the human intestinal tract like the genus Escherichia, is confirmed 
on a plant surface, it could, perhaps, indicate contamination with Sal- 
monella or another intestinal pathogen (Hobbs and Roberts, 1995). A 
wide variety of other techniques can be used for the identification of 
coliforms (Pate1 and Williams, 1994) or E. coli, in particular, but the 
sheer simplicity of inoculating tubes of MacConkey broth has much to 
recommend it for routine testing. 

The same technique can be used also to check for the presence of 
Listeria, because L. monocytogenes is one pathogen that can survive 
in soft cheeses like Brie and can grow at refrigeration temperatures, 
and it is relevant also that the infective dose for L. rnonocytogenes 
may be as low as 1000 cells (Prentice and Neaves, 1993; Martin and 
Fisher, 2000). To test for Listeria, one approach is to replace the tubes 
of MacConkey broth with UVM I broth (Brisdon, 1998) and then incu- 
bate them at 35°C for 24h. Aliquots from each tube (0.1ml) are then 
transferred to tubes of Fraser broth (Brisdon, 1998), and any tubes of 
Fraser broth that turn black after 24 h at 35°C are presumptive positive 
for Listeria. There is a small risk of “false” negatives with this technique 
(<2.0%), but the procedure is quicker and less technically demanding 
than most classic methods (Gohil et al., 1996). 

Identification of suspected Listeria to species level will involve help 
from an accredited laboratory because, while Listeria spp. are wide- 
spread in occurrence, it is important to establish that L. rnonocytogenes 
is not among those being isolated. 
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12.5 THE HUMAN ELEMENT 

If contamination from the environment is under control and the food 
contact surfaces are clean, then plant operatives remain the final 
avenue for the possible transfer of spoilage or pathogenic organizms to 
food. 

Medical advice should be sought concerning such matters as screen- 
ing for possible symptomless carriers of Salmonella or the time that 
should be taken off work following an intestinal infection, but 
Harrigan and Park (1991) concluded that routine medical examinations 
should have low priority. Nevertheless, as with so many aspects of 
hygiene, a sympathetic and constructive collaboration between man- 
agement and employees will bring considerable benefits. 

12.5.1 Training 

Assuming that the medical aspects can be agreed, the next line of 
defense against the spread of a food-borne disease and/or an incident 
of spoilage must involve training. Initially, this training should cover 
general food hygiene, and certificate courses specifically designed for 
the dairy industry are provided by most environmental health agencies. 
Because these one-day courses are intended to provide only a basic 
knowledge of food microbiology, the training element should be ex- 
tended in-house through the use of hygiene videos or special lectures. 
Thus, every food handler should appreciate the following: 

* The factors that control microbial growth and metabolic activity of 
specific groups of microorganism (see Table 12.6). 

- The essential difference between growth and survival. For example, 
the water activity (Ab,,) of Grade A milk powder (moisture content 
3-4g 1OOg-I) will be below 0.6, and hence Salmonella spp. will not 
grow in milk powder, but cells may well survive and be capable of 
growth once the powder is reconstituted. 

* In particular, how the component(s) for which he/she is responsi- 
ble should be handled, and the risk(s) associated with noncom- 
pliance; the HACCP schedule will detail the extent to which any 
deviations from “best practice” can be tolerated. 

12.5.2 Protection of the Food 

If food is to be protected from contamination by factory personnel, 
it is essential that protective clothing must, in the processing or 
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TABLE 12.6. The Major Factors that Control the Growth of Microorganisms in 
Foodstuffs or on Process Plant or Other Surfaces 

Factors Comments 

Substrates Lactose is the dominant sugar in dairy products, and in liquid milk 
the microflora is dominated by lactose-positive genera like 
Lactobacillus, Lactococcus, and Bacillus at ambient temperatures 
or Pseudomonas at 4 ° C .  Vitamins, mineral salts, and amino acids 
are rarely limiting, and proteolytic species will often allow 
nonproteolytic species to grow. 

An available wateriwater activity (A , )  value below 0.60-0.7 (e.g., 
skimmed milk powder) prevents the growth of all microorganisms; 
most mycelial fungi need an A,* > 0.80 to grow (e.g., sweetened 
condensed milk), yeasts > 0.88 (e.g., fruit yogurt) and bacteria 
> 0.91 (e.g., liquid milk, soft cheeses); the A, of pure water is 1.0. 

The alarm water content (AWC) of a product-defined as the total 
moisture content equivalent to an A,  of 0.7-should be noted as 
well, because the total water content is easier to measure. For 
skimmed milk powder, the AWC is -15g 100g-' moisture and 
-8.Og 100g-I for whole milk powder. 

Thermophiles grow best at 55-65°C (e.g., Bacillus spp.); mesophiles 
grow best at 30-37°C (e.g., most spoilage bacteria and yeasts, as 
well as pathogens like E. coli 0157 or Salmonella) and cease 
growing at 5-7°C-most mycelial fungi are mesophiles, but have 
optimum growth temperatures of 22-25°C; psychrotropic 
organisms are mesophilic species that are also able to grow at 
0 4 ° C  (e.g., Pseudomonas spp., L.  monocytoogenes. and some 
strains of B. cereus). 

Most spoilage and pathogenic bacteria are best adapted to pH 
5.5-6.5 and cannot grow below pH 4.3-Lactobacillus spp. are 
important exceptions; the endospores of Bacillus spp. or 
Clostridium spp. cannot germinate either. Many yeasts and molds 
can tolerate -pH 3.0. 

Many mycelial fungi will only grow in the presence of oxygen, but, 
while yeasts often grow best aerobically, most species will actively 
metabolize in conditions of oxygen deprivation. A few bacteria are 
obligate anaerobes like Clmtridiurn spp., but most are aerophiles 
(B.  cereu5) or microaerophilic-that is, grow best with reduced 
levels of oxygen (dairy starter cultures). 

Moisture 

Temperature 

Acidity 

Atmosphere 

packaging area, be designed to protect the food rather than the 
operative. 

12.5.2.1 Hair. Hair is a potential problem not only as a source of 
loose strands falling into food, but also as a haven for pathogenic 
bacteria-for example, coagulase-positive strains of Staphylococcus 
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aureus, or the spores of molds associated with spoilage. Mob or snood 
caps are the best solution for operatives handling the components of a 
meal (Anonymous, 1999g), because total enclosure of the hair is the 
only sensible option; hair nets may prevent stray hairs from falling into 
a vat of milk or carton of yourt, but they cannot retain bacteria or 
mould spores. Face masks are essential for men with beards or mous- 
taches, and they may be desirable also for anyone with a tendency to 
sneeze or cough (e.g., sufferers from hay fever). 

12.5.2.2 Hands and Washing Facilities. Hands are the most 
obvious source of pathogenic bacteria, and lightweight disposable 
gloves have become the popular option for people handling any ingre- 
dient that will not be heated thoroughly before consumption. There are 
disadvantages in that (a) gloves may become uncomfortable during 
prolonged wear, and (b) wearers may forget that gloves can become 
contaminated just as easily as hands. 

It is important also that this trend toward the use of gloves does not 
mean that hand-washing facilities can be neglected, because the outside 
surfaces of gloves may well be touched during retrieval from a dis- 
penser. For this reason, toilet facilities should be maintained to a very 
high standard of cleanliness, and washing procedures should ensure 
that the residual bacterial flora on the skin is minimal; that is, taps 
should be knee/foot operated, the soap should have bacteriocidal prop- 
erties, the use of a final sanitising rinse with a germicidal solution should 
be encouraged, and the system for hand-drying should prevent recon- 
tamination. To further enhance this regime, fingernails should be short 
enough to allow easy cleaning without the use of a nailbrush; unless 
disposable, nailbrushes can deposit more bacteria on the fingers than 
they remove. 

12.5.2.3 General Protection. Protective body and footwear will 
be needed to protect both the day-wear of the operative from stains 
and the food from contamination. Washable polyesterkotton coats or 
overalls are widely used (Anonymous, 19998); and if a particular task 
is likely to cause gross soiling of a coat within a shift, disposable aprons 
or oversleeves may provide additional protection. However, the value 
of these precautions will be undermined unless: 

* Changing facilities are designed so that outer garments (coats, 
scarves, gloves, shoes) can be left in a room separate from factory 
wear. 
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- Clean coats or overalls are in a separate changing room, and they 
are wrapped so that they cannot become contaminated prior to 
use. 

- Dirty coats are bagged-up at the end of each shift and then 
sent to a specialist laundry-that is, a laundry with (a) the facil- 
ity to handle all food industry clothing separately from other 
garments, (b) washing machines that load at one end and empty at 
the other, so that there is a physical barrier between the 
dirty and clean clothes, (c) full traceability for each garment, 
(d) a failsafe system covering aqueous and thermal disinfection, 
and (e) isolated pressing and packing rooms with high-quality 
filtered air. 

It is important also that protective garments should never leave their 
designated location, and the color coding of coats/overalls/footwear can 
provide an easily visible safeguard. 

Clearly specific rules will come into operation for changes of cloth- 
ing during meal or other breaks, but observation of these rules becomes 
vital if an operative has more than one function. For example, it would 
be quite acceptable for a person to spend the morning receiving raw 
materials like milk into a reception area, and then switch later in 
the day to help package an urgent order. However, unless the system 
acknowledges that the garments worn during the morning may be con- 
taminated with bacteria like Campylobacter spp. or E. coli 0157, there 
will be a serious risk of postprocessing contamination. Wellington 
boots can pick up such contaminants as well, so that unless germicidal 
footwells are sited between high/low-risk areas, movement of per- 
sonnel must be restricted. Obviously the risk of such transfers will be 
low, but, given the severity of infections caused by E. coli 0157, for 
example, any risk becomes unacceptable. 

12.5.2.4 Nonmicrobiological Hazards. The major concern with 
dairy products tends to revolve around the risk of food-borne disease 
because, humanitarian considerations aside, the economic losses that 
can follow from a well-publicized and traceable incident of food poi- 
soning should be sufficient to encourage caution. However, product 
recalls resulting from the presence of glass or metal fragments can be 
expensive as well, so that a firm policy over the wearing of watches, 
jewelery, and hair clips is essential. 

Watches must, of course, never be worn in a process area, and jew- 
elery must be banned as well if there is a possibility of loss into the 
product. Even pens that may be essential for keeping records must be 
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metal and of a design that is readily detected under a scanner. Fortu- 
nately, metal detection systems can examine retail items before they 
leave the factory and automatically reject those that are suspect (Wallin 
and Haycock, 1998; Lock, 1999), but, with glass, plastics, or fragments 
of stone, prevention of entry is the only option. 

Contamination of foods with heavy metals like lead or mercury 
appears to be infrequent (Hobbs and Roberts, 1995); thus, as long as 
the ingredient specifications detail the levels of such elements, serious 
complaints of chemical origin should be rare. However, it is worth 
remembering that stores used by an engineeringlmaintenance section 
may house all types of toxic materials for treating wood or metal, and 
hence their use within the food processing area must be rigorously 
monitored. 

12.6 WASTE DISPOSAL 

If the packaging of a retail item is damaged during manufacture, two 
interrelated consequences may follow. First, the faulty item will be dis- 
carded and, perhaps, be left undisturbed for several days; second, the 
food inside the package will be exposed to contamination from the 
atmosphere. Once the latter has occurred, the growth of yeasts, bacte- 
ria, or molds will surely follow. This inevitable pattern may seem un- 
exceptional, but what makes it exceptional is that the microorganisms 
concerned must, a priori, be well adapted to the foodstuff in question. 
In other words, the spoiled product is, in effect, selecting from the 
atmosphere those bacteria or fungi that can utilize the nutrients avail- 
able and that are able to grow under the prevailing conditions of pH 
or available water. Bearing in mind that a bacterial colony of 1000 cells 
can climb to over 500,000 in 3 h under good conditions, or that a small 
colony of Penicillium spp. can liberate several million spores, it is evi- 
dent that a minor incident can fast become a major source of potential 
contamination. 

Waste disposal units with polythene liners or holders (with lids) 
to take paper sacks must, therefore, be located at strategic points for 
receipt of any damaged food items, and a system must be in place for 
the units to be routinely emptied. Sealing of the liners or bags prior 
to dumping in a “skip” is another preventative measure that will cost 
nothing, but containing the microflora could save the company a great 
deal of money. 
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CHAPTER 13 

APPLICATION OF 
PROCESS CONTROL 
DAVID JERVIS (deceased) 
Unigate Group Technical Centre, Wootton Bassett, Wiltshire, England 

13.1 INTRODUCTION 

Process control can be defined as the management of all elements of a 
process that control the legality, safety, contractual, and commercial 
requirements of the product. The scope is, therefore, from farm to 
consumer and embraces raw materials, formulation, bacteriocidal or 
bacteriostatic treatments, plant and equipment hygiene, personnel 
practices and hygiene, packaging, distribution conditions, and consumer 
use. 

Historically, process requirements have evolved on a basis of need 
to respond to incidents of product failure and changing marketing cri- 
teria. Pasteurization of drinking milk was introduced in the 1930s to 
address public health risks associated with changing patterns of distri- 
bution in cities. Global incidents of contamination of milk powders 
in the 1960s resulted in stricter control of plant and environmental 
hygiene in spray-drying units. More recently, Listeria rnonocytogenes 
has emerged as a pathogen of concern following a soft cheese outbreak 
in Los Angeles, with 86 cases and 29 deaths. Following this outbreak, 
surveillance showed that this microrgenism was a global problem, 
particularly with mold-ripened soft cheeses, and enhancement of 
process hygiene served to minimize risks. Currently, enterpathogenic 
Escherichia coli is a pathogen of concern in milk and milk products by 
virtue of an apparently increasing incidence at farm level, a relatively 
high tolerance of reduced pH, and low infective dose. This should 
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trigger a review of current process control parameters, particularly for 
mold-ripened and other soft cheeses to minimize risk from this 
pathogen. 

In parallel with the emergence of public health failures has been the 
trend toward novel and efficient processes, changes in formulations to 
reduce manufacturing costs per unit of product by increased through- 
put on high capital plant, and the use of cheaper ingredients more likely 
to be obtained on a global basis. There has also been an ongoing trend 
toward healthier foods-for example, lower fat, less salt, and the elim- 
ination of preservatives. These factors, together with the commercial 
demand for longer shelf life to accommodate consumer shopping pat- 
terns and reduce distribution costs, can have a significant effect on the 
microbiological stability of products. Clearly, process control require- 
ments need to be constantly reviewed and amended to accommodate 
change, and this should be done using a disciplined and documented 
approach that is amenable to constant review. 

It is the contention of this chapter that the required disciplined 
approach is best provided by the hazard analysis critical control point 
(HACCP) procedure applied as an integral element of total quality 
management (TQM) principles, which include good manufacturing 
practice (GMP), good hygiene practice (GHP), and document control 
(e.g., I S 0  9000 Quality Systems). HACCP is an internationally 
accepted hazard management tool that can, and should. be applied to 
all stages of food manufacture from farm to consumer, irrespective of 
the level of development or size of business. The approach is sufficiently 
flexible to accommodate the varying levels of sophistication and com- 
plexity implied. 

13.2 MANAGEMENT TOOLS 

13.2.1 Total Quality Management (TQM) 

TQM schemes address the approach that a manufacturing organization 
needs to take to ensure product quality. They aim to involve every 
member of the organization in the achievement of management objec- 
tives to produce safe, wholesome food, enhance customer satisfaction 
and confidence, and identify means of ongoing improvement. The fun- 
damental requirements of the TQM approach is communication at all 
levels, so that process and product requirements can be translated from 
the corporate quality statement to the operatives running the process. 
TQM schemes embracing HACCP and document control form an 
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TOTAL QUALITY MANAGEMENT 
Long-term managerial strategy 

QUALITY SYSTEMS 
IS0 9000 series 

QUALITY MANAGEMENT 

I 

PRODUCT / PROCESS GENERIC 
SPECIFIC REQUIREMENTS 
REQUIREMENTS 

I 
DOCUMENTATION HACCP PLAN GUIDELINES 

FOOD SAFETY/ Good Manufacturing 
QUALITY Practice. 
AUDITS Good Hygenic 

Practice. 
Others 

Figure 13.1. The elements that are included under the heading of Total Quality 
Management (TQM). 

important framework within which quality requirements can be com- 
municated effectively and in a way that can be demonstrated and 
audited. The overall approach is summarized in Figure 13.1. 

13.2.2 Quality Systems 

I S 0  9000:1994 Quality Systems and associated standards in the I S 0  
9000 series (9001, 9002) are widely recognized as documentation 
systems applicable to food manufacture. The scope of these standards 
calls for the development of controlled issue documents that cover the 
business quality policy, management structure and responsibility, train- 
ing program, and corrective and remedial actions, as well as the estab- 
lishment of process control parameters to meet product quality 
requirements and the recording and review of related monitoring pro- 
grams. Such quality systems are, therefore, an ideal vehicle for the 
control of all quality-related documentation, including HACCP plans 
and the related monitoring and verification systems, together with 
amendments introduced as a result of HACCP reviews. A quality 
system also permits a transparent translation of HACCP control mea- 
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sures and critical limits into specific process instructions and record 
sheets, respectively. This interrelationship between ISO-style quality 
systems and HACCP plans forms a basis for an HACCP-based audit 
of the process. This will be amplified in the following sections. 

13.2.3 Quality Management 

13.2.3.1 Generic Requirements. The microbiological quality and 
safety of foods depends on (a) manufacture and handling in an envi- 
ronment that meets basic standards for hygiene and (b) the manage- 
ment of hygiene. This requirement has a broad scope and is best 
addressed through guidelines for good hygiene practice that are 
focused on the particular product or commodity under consideration. 
The scope of these Guidelines should include the following headings 
and address the objectives summarized. 

- Primary Production. Control of hazards relevant to the process 
and product under consideration. 

* Site Location. Avoidance of external sources of contamination 
that are a hazard to the process and product. 

- Design and Layout. Provision of adequate space for all process 
stages with a layout that prevents cross-contamination between 
process stages. 

- Building Fabric. Design and maintenance to prevent ingress of 
external contamination. 
Internal surfaces that minimize soiling and contamination buildup 
and are easily cleaned. 

- Equipment. Design and construction to minimize accumulation of 
food material and easy cleaning. 

- Waste Disposal. Provision of segregated containers/systems for 
collection and continual removal from production areas in order 
to prevent contamination buildupkross-contamination. 

- Water S ~ ~ p p l y .  (a) Provision of potable water for all food contact 
uses including product formulation, food washing, and cleaning of 
food contact surfaces to prevent recontamination. (b) Provision of 
microbiologically potable water for cooling purposes (plate heat 
exchangers, tank jacket) to prevent recontamination. (c) Complete 
segregation and identification of nonpotable water. 

* Drainage. (a) Designed and constructed to flow from clean to 
dirty areas and have sufficient capacity to avoid backup under the 
heaviest loading conditions. 
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0 Cleaning. (a) Provision of facilities for the cleaning of utensils and 
equipment and factory environment that avoids product contami- 
nation or cross-contamination between process stages. (b) For 
clean-in-place (CIP) systems, design and maintenance should 
ensure specified detergent strength, temperature, and flow rates 
throughout the system. (c) Design and operation of CIP systems 
to avoid cross-contamination between raw food and processed 
food duties. 

- Personnel. (a) Provision of changing rooms, toilets, and suitably 
located hand-washing facilities. (b) Application of food hygiene 
training appropriate to the process requirements. 

Air Quality. (a) Design and operation of ventilation systems to (1) 
prevent condensation on surfaces that might be product contami- 
nation sources either directly or via aerosol droplets, (2) minimize 
airborne contamination, (3) direct air flow from clean to dirty 
areas, (4) control ambient temperature, and ( 5 )  control odor trans- 
fer. (b) Filtration of air that impinges directly onto food (e.g., 
drying air, compressed air) to a standard that prevents product con- 
tamination. 

* Storage Areas. Provision of adequate facilities for the storage of 
(1) food, food ingredients, and packaging, (2) nonfood materials 
(cleaning materials, lubricants, engineering spares). 

- Pest Control. Application of control programs and monitoring to 
prevent the access and/or harborage of pests. 

- Foreign-Body Control. Application of control programs and mon- 
itoring to minimize the risk of foreign-body contamination of food 
(glass, glass-like plastics, metal, or other debris). 

- Personal Hygiene. Application of procedures and guidelines for 
health screening, sickness and injury reporting, personal behavior, 
and use of designated protective clothing to prevent contamination 
of food and food contact surfaces. 

- Training. Provision of training of all food handlers covering food 
hygiene requirements and relevant (to job) process requirements 
to prevent food contamination. 

- Transportation. Application of packaging and warehouseltrans- 
port conditions that prevent recontamination of food and maintain 
the required temperature regime. 

* Recall Procedures. Maintenance of records and procedures 
that enable the identification and recovery of any unacceptable 
product for investigation and disposal. 
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- Control of Process. The objective is to reduce the risk of unsafe 
and unacceptable food reaching the consumer by taking preventa- 
tive measures to control hazards at an appropriate stage in the 
process. This is, in effect, the objective of an HACCP program (see 
Section 13.4). 

The headings outlined above should be considered as a template on 
which to base codes of good manufactoring practice (GMP) and good 
hygiene practice (GHP). Such codes may be developed internationally 
(e.g., Codex, 1999) as commodity codes (e.g., IDF, 1991), as National 
Trade Association codes of practice, or as manufacturers site-specific 
documents produced as an element of local process control procedures. 

It is always advisable to develop site-specific codes of GMP/GHP 
so that the detailed conditions and circumstances of the establishment 
and process can be fully addressed and carried forward to process 
instructions. 

13.2.3.1.1 Barrier Hygiene. An area of GMP/GHP not fully covered 
in generic templates is the requirements for handling designated high- 
risk foods. General Principles of Food Hygiene documents do outline 
the need for enhanced precautions where risks are high, but it is impor- 
tant that the relevant control measures are understood and considered 
in the development of GMP/GHP codes of practice. 

High-risk foods can be defined as those foods that (1) are handled 
and/or exposed to the environment after any bacteriocidal process and 
before wrapping; (2) can support the growth or survival of relevant 
pathogens at a level hazardous to the consumer and/or support the 
growth of spoilage microorganisms to undesirable levels within the 
designed shelf life of the product, and (3) are designed to be eaten 
without further cooking. 

High-risk foods (e.g., some dairy desserts) are at risk from cross- 
contamination from other process areas, environmental contamination, 
and transfer of relevant microorganisms from personnel. They should 
be handled in segregated production areas that, in addition to the 
general hygiene requirements, have the following enhanced provisions. 

- The designated high-risk production area should be separated 
from all other process areas by permanent barriers. 

- Drainage should be suitably trapped and direct to a main drain 
with no possibility of back flooding. Drainage from other areas 
should not transit the high-risk area. 
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- Floors walls, ceilings, and all fittings should be designed and main- 
tained to prevent accumulation of soiling and be easily cleaned and 
sanitised. 

- The air supply to the high-risk room(s) should be filtered to 
remove relevant microorganisms, should maintain the room at a 
positive pressure, and should be supplied at a sufficient rate and 
at appropriate humidity to prevent condensation on all surfaces at 
all times. 

- There should be dedicated equipment, utensils, and tools that are 
not used or cleaned in other areas. 

- Cleaning equipment should be dedicated to the high-risk area with 
color or other coding to assist supervision. 
Material brought into the high-risk area should be handled in a 
way that prevents the transfer of contamination. Control measures 
to consider include the removal of outer packaging in an annex, 
with materials moved into the designated area through a restricted 
access using sanitizer dips if appropriate (e.g., canned or sealed 
plastic packaging). Trucks and trolleys should be dedicated to the 
designated area, and particular attention should be paid to the 
buildup of contamination on wheels and under frames. 

* Personnel should change from general factory clothing into spe- 
cific “high-risk’’ protective clothing and footwear at the access to 
the high-risk area. There should be hand-washing facilities avail- 
able before high-risk clothing is handled. The high-risk protective 
clothing and footwear should be color-coded for easy identification 
and should not be used elsewhere on the site; a change back to 
general clothing and footwear should occur whenever personnel 
leave the designated high-risk area. These provisions should apply 
to all personnel entering the designated high-risk area, including 
engineering staff, management, and visitors. 
Note: As an alternative to footwear change, the use of walk-through 
baths, mechanized footwear cleaners, and sanitized foot mats have 
been considered, but with little success. The principal disadvan- 
tages are that (a) footwear is wetted and trails water onto high-risk 
floors, (b) soiling and contamination is not always effectively elim- 
inated, and (c) the units can become a focus of contamination if 
not thoroughly cleaned and sanitized daily. Footwear cleaners can 
also be a source of aerosol contamination. 

* Personnel hygiene should be maintained at a high standard with 
close supervision of hand washing and protective clothing disci- 
plines and adherence to safe food handling procedures. Sickness 
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and contact with enteric disease cases and outbreaks should be 
reported and investigated by an occupational health department 
or medical practitioner, with appropriate exclusion from high-risk 
operations until clearance is confirmed. 

These barrier hygiene principles refer particularly to designated 
high-risk rooms. Another operation where barrier hygiene is an impor- 
tant consideration is the cooling of unpacked product in static or blast 
chillers. Examples are the manufacture of clotted cream and some 
scalded dairy dessert derivatives that can be cooled unwrapped in blast 
chillers. The principles of barrier hygiene should be applied noting that, 
in addition to the handling of product from cooker to blast chill and 
blast chill to static chill and packing, the principal hazard is likely to be 
air in the blast chiller impinging on the product in high volume, 
along with the tendency for condensation to form on the unit walls and 
ceilings-a known focus of L. monocytogenes contamination. 

The barrier hygiene principles given in this section are of necessity 
generic. In any manufacturing situation a specific hazard analysis should 
be applied to identify which of the barrier hygiene requirements are rel- 
evant.This is, in fact, the case with all GMP/GHP requirements outlined 
in generic codes and identifies the important principle that hazard 
analysis using HACCP should always be applied in the development of 
product-specific documents as an element of process control. 

13.2.3.2 Product/Process Specific Requirements. Against a 
background structure afforded by GMP/GHP documents, there is a 
need to assess individual productdprocesses in their manufacturing 
environment to identify potential hazards to food safety and quality 
and derive appropriate control measures, monitoring, procedures, pro- 
tocols for corrective action, and documentation. HACCP, correctly inte- 
grated into a total quality management scheme, is the preferred risk 
management tool (see Figure 13.2). 

13.3 RISK ANALYSIS 

Risk analysis is a structured and formalized approach to quantifying 
risk and setting levels to which casual agents should be controlled to 
assure safety. Risk analysis has three components: risk assessment, risk 
management, and risk communication. 

Microbiological risk analysis protocols are being addressed interna- 
tionally and at national levels, and they are becoming a key element in 
determining the level of consumer protection necessary. 
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safety objectives as the link between risk analysis and food 

13.3.1 Codex Alimentarius Commission (CAC) 

The Codex Committee on Food Hygiene (CCFH) is developing a 
document covering the principles of microbiological risk assess- 
ment (Codex Alimentarius, 1999a); this document addresses the 
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risk assessment element of risk analysis. The CCFH is also developing 
a similar document on risk management (Codex Alimentarius, 
1999b), which addresses the risk management element of risk 
assessment. 

It should be noted that Codex “standards” and related texts 
are intended to be applied by governments-either directly through 
regulations, or indirectly as guides in national food control programs. 
The GATT Sanitary and Phytosanitary (SPS) agreement in 1994 
has resulted in increased implementation of Codex standards in 
national and European Union rules, and the Codex standards are 
the only reference for the World Trade Organization in trade conflicts. 
It should also be noted that the term “standards” in this context 
includes horizontal issues (e.g., general principle documents on food 
hygienc) as well as commodity specific standards (e.g., milk and milk 
products). 

It is to be expected, therefore, that standards and codes of practice 
generated by CAC will increasingly influence national legislation with 
respect to food hygiene and food safety. This will include (a) the 
General Principles of Food Hygiene document (Codex, 1997), (b) 
appended supplements covering HACCP Guidelines and Principles for 
the Establishment and Application of Microbiological Criteria for 
Foods, and (c) the documents on microbiological risk assessment and 
microbiological risk management. 

While the risk analysis guidelines elaborated by the CCFH are tar- 
geted for application by national regulatory bodies, the principles 
enshrined are equally valid in the development of food industry quality 
management strategies. 

13.3.2 Microbiological Risk Assessment 

The outline notes above are derived from the CCFH document-Pro- 
posed Draft Principles and Guidelines for the Conduct of Microbio- 
logical Risk Assessment (Codex Alimentarius, 1999a)-which has as its 
scope the risk assessment of microbiological hazards in foods. In this 
document the importance of a functional separation between risk 
asessmen t and risk management is emphasized as is the importance 
that a risk assessment should be based on sound science, and it should 
include (a) recognition of uncertainty in the data used and interpreted 
and (b) the need for reassessment in the light of new data, including 
human health data. 

The clements of risk assessment can be summarized as follows: 
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Statement of Purpose: Definition of the food or group of foods under 
consideration and the form of assessment output required (e.g., 
annual rate of illness per 100,000 consumers). 

Hazard Identification: The identification of microorganisms and toxins 
that could be present in the food or food group and be the cause of 
adverse health effects. Data derived from epidemiological studies, 
surveillance, and scientific literature and databases, including indus- 
try QC records, are relevant in this element. 

Exposure Assessment: An estimate of the likely intake of pathogenic 
agents based on the frequency of contamination at consumption, as 
well as consumption patterns and habits. An exposure assessment 
can be either qualitative or quantitative. 

Hazard Characteristics: An evaluation of the nature of an adverse 
health effect associated with the microorganisim(s) and toxin(s) 
under consideration. A dose-response assessment for relevant target 
populations is important to this evaluation. 

Risk Characterization: A statement of the probability of occurrence 
and severity of adverse health effects in a target population based 
on the outputs of hazard identification, exposure assessment, and 
hazard characterisation. Risk characterization can be either qualita- 
tive or quantitative, depending on the quality of data used in the 
stages of risk assessment. The degree of confidence in the stated esti- 
mate should be recorded, together with working notes of the risk 
assessment deliberations for future reference. 

It is important to accept that the “formal” microbiological risk 
assessment procedure developed by the CCFH is intended for official 
governmental application in the context of international trade under 
the SPS requirements. For this reason it is necessarily a complex 
procedure requiring extensive information input and significant 
input of time and other resources to achieve the ideal of a quantitative 
assessment with minimal variability and uncertainty. From the food 
industry perspective, such resources are not usually available, and a 
qualitative risk assessment based on in-house experience and available 
literature and Trade Association data is a more realistic prospect. It 
must be emphasized that such qualitative risk assessments are by 
definition imprecise with significant variabilities and uncertainties, 
so application must always make due allowance and err on the side of 
safety. 
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13.3.3 Risk Management 

Risk management is the element of risk analysis that determines policy 
options in the light of a microbiological risk assessment output. The 
options that might be available range from (1) withdrawal of the food 
from use to be destroyed or reprocessed, (2) a recommendation that is 
not suitable for sensitive groups such as infants and immunocompro- 
mised consumers, or (3) modification of the process to meet the limits 
indicated in the output of the microbiological risk assessment. This last 
option could involve regulatory measures, but could be equally well 
achieved through process review and application of appropriate reme- 
dial measures by the manufacturer. 

While risk management planning of necessity will involve both risk 
assessors and risk managers, it is important that a functional separation 
is maintained between the risk assessment process and the risk man- 
agement to protect the integrity of the former and the transparency of 
the latter. 

13.3.2 Risk Communication 

This third element of risk analysis is the exchange of information and 
opinions between risk assessors, risk managers, consumers, and other 
interested parties in order to reach a consensus on the level of con- 
sumer protection that is acceptable. Clearly, the processes of risk man- 
agement and risk communication interact to arrive at a consensus on 
the balance between risk to consumer and the cost and other conse- 
quences of modifying a process or withdrawing a food from the market 
place. 

13.3.5 Food Safety Objectives 

Figure 13.2 shows Food Safety Objectives as the bridge between risk 
analysis and risk management. Food safety objectives are proposed as 
the output of a risk analysis in Codex procedures and, as such, can be 
seen as a statement by regulatory bodies of the maximum level of a 
microbiological hazard in a food considered to be acceptable for 
human consumption. This statement would be relevant to the consumer 
groupings defined in the risk assessment scope (e.g., whole population, 
excluding infants or excluding immune-compromised). From a regula- 
tory point of view, the food safety objective sets the limit against which 
risk management options are judged. 
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13.3.6 Manufacturer’s Food Safety Requirements 

A manufacturer has a fundamental requirement to provide safe, whole- 
some product if the business is to thrive. While a level of food spoilage 
might be tolerable in the context of abnormal distribution and home 
storage conditions, food poisoning incidents (or worse) damage the 
reputation and economy of a business. Against this background, 
manufacturers should have a clearly defined statement of food safety 
requirements within their quality policy; and while the risk of the pres- 
ence of relevant pathogens cannot be reduced to zero, the statement 
would usually require that there to be no food poisoning incidents or 
outbreaks associated with the product. Therefore, while the manufac- 
turer will always need to adopt regulatory food safety objectives as a 
minimum requirement in food safety, his food safety requirement 
would usually need to be more demanding. 

As shown in Figure 13.2, food safety objectives and/or manufac- 
turer’s food safety requirements advise food safety management and 
HACCP program of risk analysis outputs. The availability of such infor- 
mation to a HACCP team enables a more focused assessment in hazard 
analysis and therefore facilitates the process of determining critical 
control points (Section 13.5.8). 

13.4 
(HACCP) 

HAZARD ANALYSIS CRITICAL CONTROL POINTS 

13.4.1 Background 

The origins of HACCP are traced to the 1960s and the United States 
of America when the Pillsbury Company, the United States Army 
Laboratories at Natick, and the National Aeronautics and Space 
Administration collaborated to develop the system as a means of man- 
aging safe food production for manned space flight. The outcome was 
the HACCP concept, which has been adopted and developed to its 
current status as the food safety management tool recommended by 
the Codex Alimutarius Commission to advise on consumer protection 
under the Sanitary and Phytosanitary Measures (1994) agreed at the 
Uraguay round of Gatt negotiations. As such, HACCP is a reference 
point in international trade disputes, and it is increasingly enshrined in 
national legislation. Examples are the European Community Directive 
on the Hygiene of Foodstuffs (EEC, 1993) and current European 
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Parliament and Council Regulation proposals on the Hygiene of Food- 
stuffs (VI/1181/98 rev 2-111/.5227/98 rev 4). Article 5 in this proposal 
requires food business operators to “put in place and maintain a per- 
manent procedure developed and implemented in accordance with the 
principles of HACCP.” 

The HACCP system offers a structured approach to the control of 
hazards in food processing and, properly applied, identifies areas of 
concern and appropriate control measures before product failure is 
experienced. It represents a shift from retrospective quality control 
through end-product testing to a preventative quality assurance 
approach. As will be illustrated, end-product testing against microbio- 
logical criteria is shifted to the role of verification in a HACCP 
program. 

The HACCP procedure is generally targeted at food safety man- 
agement (pathogenic microorganisms and their toxins), but, as an 
approach in the context of broader quality management, it can be effec- 
tively applied to microbiological spoilage, foreign-body contaminations 
or pesticide contamination. It is preferable to conduct an HACCP 
program with a narrow scope (a single pathogen or possibly pathogens) 
rather than attempt to cover an extended list of hazard areas when 
documentation will become complex. However, an experienced team 
might choose to cover the whole spectrum of hazard areas, depending 
on (a) the resources available to produce and maintain a composite 
HACCP plan and (b) the way in which it is to be incorporated into the 
local quality plan and quality system. 

13.4.2 Limitations in Microbiological Sampling Plans 

Sampling plans frequently incorporated into legislative and commer- 
cial contract specifications are based on the two-class and three-class 
attribute plans described by the International Commission for 
Microbiological Specifications for Foods (ICMSF, 1986). 

The two-class plan is usually applied in criteria for pathogens, and 
the operating characteristics curves €or this plan will show if there is a 
significant risk of accepting a batch or lot of food with some level of 
contamination with the target pathogen. An example can be found in 
the case of European criteria for Salnzonella in milk powder (EEC, 
1992), which is in the format of an ICMSF 2-class plan and requires 
absence in 25g, n = 10, c = 0; that is, ten 2.5-g samples taken from the 
lot of powder under test, Salmonella should not be detected using an 
approved methodology. With this sample plan there is a 35% proba- 
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bility of accepting a lot with 10% defectives, and there is a 3% proba- 
bility of accepting a lot with 30% defectives. While a microbiological 
risk analysis might show that compliance with the sample plan is an 
appropriate food safety objective in international trade because it 
maintains contamination below a level that is a significant risk to con- 
sumers, it can produce conflict in commercial transactions. The key 
issue is that a vendor might perform end-product testing and show a 
compliance with the criteria, while the buyer might take a different ten 
samples and show noncompliance. In this respect, end-product testing 
is not a reliable means of assuring quality; and process control, estab- 
lished on HACCP principles, is to be preferred as a means of elimi- 
nating the source and cause of a low-level contamination. The 
manufacturer’s Food Safety Requirement is tighter than the regulatory 
Food Safety Objective. 

The reader is referred to the Codex Alimentarus Commission 
publication (Codex, 1997) and the Institute of Food Science and 
Technology (UK) publication (1999) for further information on 
Microbiological Criteria and protocols for developing Microbiological 
Criteria. 

13.4.3 Benefits of HACCP 
The benefits that can be derived from the application of HACCP in the 
Food Industry are many, and the key benefits can be listed as follows: 

- HACCP has the potential to identify all hazards in a food process 
so that controls can be established to assure food safety/quality. 

* HACCP is a systematic approach relevant to all stages of food 
processing covering agricultural and horticultural practices, 
harvesting, processing, product distribution, and customer 
practices. 
HACCP is the preferred risk management tool in total quality 
management. 

* HACCP focuses technical resources on critical parts of the process 
and provides a cost-effective control of food-borne hazards. 

- HACCP facilitates the move from retrospective end-product 
testing to a preventative quality assurance approach enabling 
the manufacturer to get it right the first time and reduce reject 
waste. 

- HACCP is recognized and promoted by international bodies (such 
as the Codex Alimentarius Commission) as the system of choice 
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for ensuring food safety and is becoming enshrined in national leg- 
islation. Proactive application in the food industry will facilitate 
compliance with developing legislation and demonstrates a diligent 
approach to food safety. 

13.4.4 Principles of the HACCP System 

The HACCP system consists of seven principles (Codex, 1997) that 
can be addressed in 14 sequential stages (Campden and Chorleywood 
Food Research Association, 1997). The principles and stages are as 
follows: 

principle 1: conduct a hazard analysis 

Stage 1 
Stage 2 
Stage 3 Describe the product. 
Stage 4 Identify intended use. 
Stage 5 
Stage 6 
Stage 7 

Define the terms of reference. 
Select a HACCP team. 

Construct a flow diagram. 
On-site confirmation of flow diagram. 
List all potential hazards associated with each process 
step, conduct a hazard analysis, and consider any 
measures to control the identified hazards. 
A hazard is a biological, chemical, or  physical agent in 
a food with the potential to cause an adverse health 
effect. 

principle 2: determine critical control points (ccps) 

Stage 8 Determine CCPs. 
A CCP is a step at which control can be applied and is 
essential to prevent o r  eliminate a hazard or  reduce it to 
an acceptable level. 

principle 3: establish critical limits 

Stage 9 Establish critical limits for each CCP. 
A critical limit is a criterion that separates acceptability 
f r o m  iinacceptability. 

principle 4: establish a system to monitor control of ccps 

Stage 10 Establish a monitoring system for each CCP. 
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principle 5: establish the corrective action to be taken when 
monitoring indicates that a particular ccp is not under control 

Stage 11 Establish corrective action plans. 

principle 6: establish procedures of verification to 
confirm that the haccp system is working effectively 

Stage 12 Verification 

principle 7: establish documentation concerning all 
procedures and records appropriate to these principles 

and their application 

Establish documentation and record keeping. 
Review the HACCP plan. 

Stage 13 
Stage 14 

In any HACCP application it is vital that the stages be considered 
in order and that the required information and conclusion be com- 
pleted for each stage before moving on to the next; HACCP is designed 
as a structured approach, and the proper sequencing of activities is 
crucial to obtaining an effective output. The HACCP procedure can be 
applied in product/process development, but it should be noted that the 
resulting HACCP plan will be based on anticipated production plant 
conditions and, therefore, will need to be kept under constant review 
until the new product/process is established and the HACCP plan can 
be finalized. 

13.5 APPLICATION OF HACCP 

This section addresses in detail what needs to be done at each of the 
HACCP stages, and it refers to generic flow diagrams and HACCP plan 
records that have been produced in order to illustrate the points made. 
It is essential that each HACCP study be based on the specific process 
and product details, and generic plans should never be adopted as a 
shortcut to save time and resources. 

13.5.1 Stage 1: Define Terms of Reference 

Terms of reference should clearly define the scope of the intended 
HACCP study and address the following points: 
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- The product to be considered. 
- The process site and, if relevant, the process line within that 

site. I t  is not advisable to group together apparently similar 
products and processes where what might be minor variations 
in formulation and/or process conditions could significantly 
change the preservation characteristics of the product (see Section 

- What the study will cover-biological, chemical, or physical 
hazards (or combinations of these)-and whether the study will be 
limited to food safety considerations or cover broader quality 
issues (i.e., spoilage). The study will proceed more quickly if 
the terms of reference are limited to biological food safety issues, 
o r  even the consideration of one pathogen relevant to the 
food. (The single-pathogen study would be appropriate for 
food safety management to meet Food Safety Objectives/ 
Requirements.) 

* The point in the process at which safety or other quality attributes 
are to met: at point of manufacture or at point of consumption? 

13.5.3). 

13.5.2 Stage 2: Select a HACCP Team 

I t  is important that senior management in the company be made aware 
of the resources necessary to carry out an effective HACCP study (per- 
sonal time, appropriate meeting room, secretarial support, and the need 
to consult outside resources for information) and are committed to pro- 
viding these resources. The time required to complete the study will 
depend on the complexity of the process and the terms of reference 
agreed at Stage 1 .  If resources cannot be assured to meet the study 
defined in Stage 1. then the study should not be progressed. HACCP 
requires a multidisciplinary approach, and the HACCP team should 
include the following skills: 

- A quality assurance/quality control specialist who understands 
the hazards and risks for the product and process under study. 
Depending on the study terms of reference, this might involve a 
microbiologist or chemist: and, if this resource is not available in- 
company, consultation with an external resource might be neces- 
sary to obtain information relating to microbiological risks and 
hazards. 

- A production specialist to contribute details of what actually 
happens on the production line throughout all shift patterns. 
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- An engineer to provide information on (a) the operating charac- 
teristics of the process equipment under study and (b) the hygienic 
design of equipment and buildings. 

* Others co-opted onto the team as necessary. These might include 
specialist equipment operators, hygiene manager, ingredient and 
packaging buyers, and distribution managers. It might also be 
appropriate to consider co-opting specialist technicians from com- 
panies to which various scheduled maintenance and calibration 
functions are contracted (e.g., temperature measurement equip- 
ment, pasteurizer plate and jacketed silo integrity, spray-drier 
chamber integrity, clean-in-place systems). 

An individual experienced in HACCP should be nominated as chair- 
man to be responsible for managing the study. The chairman should 
have received training in the principles of HACCP and be experienced 
in HACCP team work. In the United Kingdom, The Royal Institute for 
Public Health and Hygiene (RIPHH) in consultation with industry and 
government representatives has published an advanced HACCP Train- 
ing Standard (RIPHH, 1999), and training courses conforming to this 
standard with certification are available. This advanced standard is suit- 
able for use in the training of individuals who will lead HACCP teams. 

While HACCP team members will be selected for their specialist 
knowledge, it is important that they will also have a working knowl- 
edge of the HACCP procedure so that they can contribute effectively 
to the study. Team members may need some training before com- 
mencement of the study, and this can be provided either internally by 
the HACCP team or externally. 

It is important that an HACCP team member or co-opted person is 
identified to keep notes as the work progresses and from which both 
the HACCP plan and the HACCP study notes can be derived. HACCP 
study notes should record background information and the basis for 
conclusions reached in sufficient detail to be helpful when the HACCP 
plan is reviewed (see Section 13.5.14) The HACCP study notes might 
also be used as background information in trouble-shooting (see 
Section 13.6) in the event of product failure or inadequate outcome 
from the verification program. 

13.5.3 Stage 3: Describe the Product 

The product under study should be fully described. This stage often 
tends to be inadequately covered, but diligent attention to detail here 
is crucial to the identification of hazards at Stage 7. The product 
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description should be considered against the following headings and 
recorded as HACCP study notes. 

Composition. All factors that might influence the preservative char- 
acteristics of the food should be recorded. Basic compositional data 
should be noted including that on solids/moisture level, fat level, salt 
and/or other solute level, pH, and levelhype of preservative, if used. 
The water activity (A, )  of the product might be useful as an indicator 
of the preservative effect derived from dissolved solutes in moisture, 
but, if this analytical data is not available, a simple calculation of dis- 
solved solids (specified) in moisture can be used. 

Where parameters will change as part of the product maturation 
process, data should be gathered to cover all points within the terms of 
reference of the study, which is usually up to and including the point 
of consumption (end of shelf life). This consideration is particularly rel- 
evant to mold-ripened soft cheese where the pH will increase from 4 . 0  
to >6.0 before consumption, significantly affecting the ability of conta- 
minating pathogens to multiply. 

Where the final product is made up from different components (e.g., 
layered dairy-based desserts), data should be collected for each layer. 
Also, compositional data should be recorded for any additives used, 
particularly where these are supplied as fresh, hydrated materials. 

Structure. The structure of a product can be considered under two 
headings: 

1. To note whether the final product unit is of one type throughout 
(e.g., butter, hard cheese, drinking milk) or whether it is made up 
of two or more “layers” of differing composition (e.g., some dairy- 
based desserts). Also the decorative dressing of some products 
(e.g., high-€at, soft cheese units rolled in oat flakes or nuts) should 
be recorded. 

2. The microstructure of products can have a significant effect on 
the ability of contaminating microorganisms to multiply 
(Brocklehurst and Wilson, 2000). This is relevant in dairy-based 
products, particularly those consisting of oil-in-water emulsions 
(creams, dairy dessert custard bases) and water-in-oil emulsions 
(butters, low fat spreads) where a significant preservative mecha- 
nism has been shown to be the immobilization of contaminating 
microorganisms in water droplets (typically <10pm diameter) 
which inhibits multiplication by nutrient depletion and accumu- 
lation of metabolic by-products. 
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The significance of microstructure in various foods, including some 
dairy-based products, was the subject of a LINK Research project 
carried out at the Institute of Food Research, Norwich. This work 
showed that what might have been expected to be minor adjustments 
in product composition can have a significant effect on the growth rate 
of contaminating pathogens (e.g., a reduction in fat level in dessert 
custard allowing an increased growth rate for psychrotrophic Bacillus 
cereus). The work illustrates the significance of controlling formulation 
and process to maintain microstructure as one element in the hurdle 
approach to food preservation. 

Processing. All relevant processing parameters should be recorded. 
This list will include the time and temperature of all heating stages and 
the temperatures (and duration) of intermediate stages in manufacture. 
For example, in Cheddar cheese making, it would be appropriate to 
record pasteurizing conditions (and, if relevant, the conditions for 
preparation of the bulk starter medium), the milk temperature in the 
vat, the curd cooking time and temperature, and the maturation tem- 
perature. In the case of dairy dessert manufacture, it would be neces- 
sary to record for each component the pasteurizing conditions, time, 
and temperature that components might be held in bulk before final 
assembly and filling/despatch temperatures. For spray-dried powder 
manufacture, it has been suggested that pasteurizing conditions for 
skim milk, evaporator input and output temperatures, and the 
time/temperature conditions for preheat of the concentrated feed to 
the drier, together with drier temperature conditions, might be a 
minimum requirement. Other bacteriocidal thermal processes (e.g., 
UHT, sterilization) should be similarly recorded. 

Alternatives to thermal processing are becoming increasingly avail- 
able. These include: 

- Electric Pulse Technology 
- Ultrasonics (combined with reduced heating temperature) 
* High-pressure treatment (300 MPa or greater) 
* Microfiltration 
- Irradiation 

In all cases where these technologies are employed, they should be val- 
idated as giving the required effect with respect to microorganisms of 
concern and the appropriate operating conditions recorded at this stage 
in a HACCP study. A likely area of development for alternative tech- 
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nologies to conventional HTST pasteurization is their adoption to meet 
food safety objectives in cheeses manufactured from raw milk, or as 
possible strategies to eliminate Mycobacteriurn aviurn subsp. paratu- 
berczclosis from drinking milk as an alternative to increases in HTST 
holding times that could be detrimental to the organoleptic quality of 
the milk. A combination of ultrasonic treatment and HTST pasteur- 
ization might be an avenue for development. 

Packaging System. The type of packaging should be noted. This note 
will include differentiation between shrink wrapping, vacuum packing, 
modified atmosphere/gas flush wrapping (specifying gas mix used) 
and sealed plastic tub packing. Aseptic or ultraclean packaging regimes 
should also be noted where appropriate. In the context of dairy 
products, it is useful to record the conditions of storage of intermedi- 
ate stages of production (e.g., bulk powder; pasteurized milk held in 
bulk tanks prior to filling; dessert components; cheeses in maturing 
rooms). The degree of exposure to the process plant environment 
during filling should also be recorded, and this will range from zero in 
aseptic fill systems to 30s or longer for the filling of some layered 
desserts. 

Storage and Distribution Conditions. The storage temperature 
regimes (ambient, chilled, frozen) throughout the product shelf life 
should be recorded where possible, and this should include anticipated 
variations (e.g., retail display, customers shopping bag, home storage 
conditions). 

Required Shelf Life. The total shelf-life requirement together with 
“life after opening,” where appropriate, should be recorded. 

Instructions of Use. Dairy products are usually consumed without 
further processing (heating), so that this section should record instruc- 
tions given with regard to refrigerated storage (where appropriate) and 
“use within” times, after opening, together with overall “use by or best 
before” dates. Suitability for home freezing is also significant and may 
be relevant to product stability after thawing if the microstructure of 
the product is changed. 

13.5.4 Stage 4: Identify Intended Use 

The consumer target group for the product should be noted. This will 
range from suitable for all consumer groups through to not suitable for 
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infants or immunocompromised consumers (e.g., where there may be 
a level of L. rnonocytogenes at a point of consumption in soft cheeses). 

13.5.5 Stage 5: Construct a Flow Diagram 

The purpose of a flow diagram in a HACCP study is to elicit a thor- 
ough examination of the process, which is recorded in a way that assists 
and directs subsequent stages. There is no specified format to be used 
in HACCP flow diagrams, but they should sequentially set out all steps 
in the process together with relevant technical data. Consideration 
should be given to the following: 

* The sequence of all process steps within the scope of the study 
including rework/recycle loops. 

+ Interaction of services (e.g., cooling water, air, compressed air, 
clean-in-place systems). 

* Temperaturehime history for all raw materials, intermediate prod- 
ucts, and final products within the scope of the study, together with 
microbiological and analytical data where appropriate. 

- Floor plans and equipment layout with particular reference to seg- 
regation of process steps, which might represent a source of cross- 
contamination (e.g., raw milk areas to heat-treated milk handling). 

* Environmental hygiene to include potential for external contami- 
nation (e.g., roof soiling, air intake) to contaminate vulnerable 
internal environments and process equipment. 

- Equipment design with particular attention to ease of cleaning and 
presence of void spaces that might accumulate contamination. 

- Personnel routes and hygiene disciplines. 

One format that has proved to be effective is that illustrated in 
Figure 13.4 (skim milk powder manufacture) and Figure 13.5 (Cheddar 
cheese manufacture). It should be noted that these are much simplified 
presentations generated to illustrate principles. For example, process 
step 8 in Figure 13.4 (Skim milk powder) would be subdivided into 
several steps in an actual HACCP study. Also, because this is a gener- 
ated example, the diagrams do not include all of the points listed above 
(e.g., floor plans, equipment design, personnel routes). Flow diagrams 
can be annotated with details of composition and process conditions, 
but an alternative is to consider notes generated at HACCP Stage 3 
(Describe the Product; see Section 13.5.3) and Stage 4 (Identify 
Intended Use; see Section 13.5.4) together with the flow diagram as the 
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required basis for Stage 7 (Listing of Potential Hazards). In any event, 
Stages 3 to 5 (as confirmed in Stage 6) are crucial to an effective 
HACCP study, and all information gathered should be retained as part 
of the HACCP Study notes. 

13.5.6 Stage 6: On-Site Confirmation of Flow Diagrams 

The flow diagrams produced at Stage 5 should be confirmed, on site, 
by the HACCP team. Points to be confirmed are that any effect of shift 
patterns and weekend working are included on the flow diagram, 
together with circumstances of any reclaim or rework activity that 
might be introduced from time to time. If the HACCP Study is being 
applied to a proposed new process line/product, flow diagram confir- 
mation will not be possible. In this case the HACCP plan can be com- 
pleted, but it must be subject to review as the line/product is finalised. 

13.5.7 Stage 7: List All Potential Hazards within Each Process 
Step, Conduct a Hazard Analysis, and Consider Any 
Measure(s) to Control Identified Hazards 

This is the final stage in HACCP Principle 1 (Conduct a Hazard Analy- 
sis), and it should be emphasized that no attempt should be made here 
to preempt HACCP principle 2 by considering Critical Control Points. 
Stage 7 is best considered in three parts: listing hazards, conducting a 
hazard analysis, and identifying control measures. 

13.5.7.7 List A// Potential Hazards. Using the flow diagram (Stage 
5 )  and the product description (Stages 3 and 4), the HACCP team 
should list all potential hazards relevant to the Terms of Reference of 
the Study (Stage 1). This activity should involve all disciplines in the 
HACCP team (QA/QC, production, engineering) in a “brainstorming” 
session that identifies all actual and potential hazards. The chairman 
should ensure that the following areas are considered: 

* Hazards in raw materials. 
- Hazards introduced during the process (cross-contamination, 

factory environment, equipment design, equipment cleaning, intro- 
ductions by process air or personnel). 

- Hazards that survive the process steps. 
- The microbiological stability of the product during distribution and 

in the home. 
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In these considerations, the intrinsic factors of the product (e.g., pH, 
A,, Eh, structure, preservatives, temperature) will be important from 
the point of view of both (a) the lethal effect of a heating or other 
process and (b) the way in which the potential for pathogen multipli- 
cation might occur before consumption (e.g., the increase in levels 
of L. monocytogenes on mold-ripened soft cheeses as pH increases 
to -6.0 during cheese ripening, or the growth of Salmonella in “cold 
reconstituted agglomerated skim milk powder”). 

It is emphasized here that all potential hazards should be listed. This 
requirement should not be undermined by the concept of Prerequisite 
Programs that is being developed by Codex Alimentarius and actively 
applied in some national programs. 

13.5.7. I. 1 Prerequisite Programs. Prerequisite programs can be 
defined as “universal steps that control the operational conditions 
within a food establishment allowing for environmental and other 
conditions that are favorable for the production of safe/acceptable 
food.” 

Corlett (1999) discusses in detail the concept of prerequisite 
programs in the context of HACCP application and gives as examples 
of prerequisites the design, maintenance, and layout of production 
facilities, supplier control, specifications, equipment design, cleaning 
and sanitation, personal hygiene, training, and suggested quality 
assurance procedures, process operating procedures, and product 
formulation. 

The concern here is that if the proposed prerequisite programs are 
in place for what are, in effect, good manufacturing and good hygiene 
practice matters, there would be a tendency not to consider these areas 
at Stage 7 of an HACCP study; that is, a generic view would be taken 
that precluded consideration of points specific to the target product 
manufactured in the unique circumstances of the process plant under 
consideration. 

There is a place for generic codes of hygiene practice covering food 
manufacture in general, irrespective of commodity and food type 
(Codex, 1997), or as sector-specific codes or as site-specific documents, 
and these should be seen as guidance on the general levels of hygiene 
required. In all cases, a HACCP study should consider, independently, 
the potential hazards relevant to the study and progress them through 
the procedure. If it is found that the control measures recommended 
in existing codes and guidelines are adequate for specific hazards, the 
code or guideline can be referred to in the HACCP plan as identified 
control measures with no need to consider subsequent HACCP stages. 
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If process/product hazards are identified but are not covered, these 
need to be progressed either in the HACCP plan or by amendment of 
the existing code or guideline (if these are site-specific). 

13.5.7.2 Hazard Analysis. The process of collecting and evaluating 
information on hazards and conditions leading to their presence and to 
decide which are significant within the scope of the exercise should be 
addressed in the HACCP plan. 

The objective of this section of Stage 7 is to consider all of the poten- 
tial hazards identified (see Section 13.5.7.1) and identify those that 
need to be eliminated or reduced to an acceptable level if food meeting 
the established Food Safety Requirements (or any other objective set 
out in the terms of reference) is to be produced. To a large extent, 
expert judgement and opinion will be involved and, if the necessary 
expertise is not available in house, external experts may need to be 
consulted or co-opted to the HACCP team. Hazard analysis should 
consider the following points: 

- The consequence of the target microorganism(s) or toxins being 
present at harmful levels in the final product at the point of 
consumption. 

* The likelihood of the target microorganism(s) or toxins being 
present at harmful levels in the final product at the point of 
consumption. Conclusions for this and the previous point might be 
based on previous company or industry experience, on epidemio- 
logical data, or on a microbiological risk assessment output. 

- The survival and/or multiplication of target microorganism(s) in 
the product or the potential for production of toxin that will persist 
to the point of consumption at significant (toxic) levels. 

- The hurdle effect (the synergistic preservative effect of two or 
more inhibitory factors) is relevant to these assessments, and 
information can be found in reference texts [e.g., TCMSF (1980) or 
Lund et al. (2000)l. It should be noted, however, that unless the 
conclusions with respect to the ability of a formulation to inhibit 
the growth of, or eliminate, the target microorganism is definitive, 
it might be necessary to carry out “spiking trials” to validate the 
formulation. 

- The numbers of consumers potentially exposed and their 
vulnerability. 

* Any relevant food safety objectives (see Section 13.3.5) or manu- 
facturer’s food safety requirements (see Section 13.3.6). 
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The data from microbiological risk assessments in the context of risk 
analysis (see Section 13.3) will be useful in the hazard analysis stage 
of HACCP. In the absence of a formal risk analysis output, hazard 
analysis in HACCP will be made on quantitative data with appropri- 
ate expert input and/or reference to external data sources. 

73.5.7.3 ldentification of Control Measures. For each of the 
hazards concluded to be significant in the hazard analysis, the HACCP 
team should identify control measures that will eliminate the hazard or 
reduce it to an acceptable level. There may be more than one control 
measure required to control a hazard (e.g., pasteurization, formulation, 
and refrigeration to reduce the growth of B. cereus in some dairy 
desserts to an acceptable level). In other cases, one control measure at 
a single control point can control more than one hazard (e.g., pasteur- 
ization eliminates all vegetative pathogens and spoilage microorgan- 
isms). One control measure can be relevant to several process steps 
where a hazard is repeated (e.g., application of CIP cleaning or envi- 
ronmental cleaning to control recontamination). Where no  control 
measure can be identified to control a hazard, redesign or modification 
of the process or product formulation may need to be considered. A 
final point to note is that in identifying control measures in a HACCP 
study on an established product and process, the team should not 
restrict consideration to the measures already in place but should be 
prepared to propose other control measures that might be appropriate. 

The completion of Stage 13.5.7 completes Principle 1 of HACCP. It 
is emphasized that, up to this point, no consideration has been given to 
the identification of critical control points. 

13.5.8 Stage 8: Determine CCPs (Principle 2) 

The objective of Stage 8 (Principle 2) is to systematically assess the 
hazards and related control measures identified in Step 7 by consider- 
ing each process step (as recorded in the flow diagram) in turn and 
reaching a conclusion on its “CCP” status before moving on to the next 
process step-that is, to identify process steps at which control can be 
applied and which are essential to prevent or eliminate a hazard or 
reduce it to an acceptable level. 

It is useful to be guided by a CCP decision tree, and the version 
recommended by the Campden and Chorleywood Food Research 
Association (1997) is reproduced as Figure 13.3.The application of such 
decision trees should be flexible and requires professional judgment 
and common sense. 
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Answer each question in sequence at each process step for each identified hazard 

Modify step, process or product 

Yes + I 
Is control at this step necessary for safety + Yes I I + 

No , Nota ,Stop* 
CCP + 

Q2 Does the process step eliminate or reduce the 
hazard to an accetable level'? + 

Yes No 
I 

Q3 Could contamination wirh the hazard occur 
nt unacceptable level(s) or increase to 
unacceptable level(s)'? 

Yes No+ Nota + Stop* 
CCP 1 

44 Will a subsequent process step eliminate 
or reduce the harard to an acceptable level'? 

Not a Stop" No d CRITICAL 
CCP CONTROL 

+ 
Yes 

POINT 

Leaper ( 1997) 

Figure 13.3. A CCP decision tree for the determination of critical points in HACCP 
plans. 

Proceed to next step in the described process 

The determination of CCPs is discussed below using two generic 
HACCP plans. These are Figure 13.5 (skim milk powder) to be con- 
sidered with the related flow diagram (Figure 13.4) and Figure 13.7 
(Cheddar cheese) to be considered with the related flow diagram 
(Figure 13.6). A flow diagram for a dairy dessert (Figure 13.8) is also 
presented for more general comment. 
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It is emphasized that these figures are not intended to represent the 
outcome of a full HACCP study. They have been prepared to illustrate 
points and are based on generic experience. 

13.5.8.1 Skim Milk Powder-Salmonellae. Reference is made to 
Figure 13.4 (generic flow diagram) and Figure 13.5 (generic HACCP 
plan) that follow this section. 

The terms of reference limit this illustrative example to the control 
of contamination with salmonellae. The food safety requirement, as 
recorded in regulatory specifications, is typically absent in 25 g, n = 10, 
c = 0 (EEC, 1992). 

Figure 13.5 illustrates a typical output of Principle 1 (to Stage 7) with 
agreed hazards and identified control measures recorded against 
process step numbering that is taken from the flow diagram 
(Figure 13.4). The outcomes of the application of the CCP questions 
following the decision tree (Figure 3) are recorded in the fourth 
column. Bearing in mind that application of the decision tree should 
be flexible and based on informed judgment, the following points can 
be made. 

1. The hazard of contamination of the environment (by raw milk) is 
recorded for process steps 1 to 4, but control is not considered to 
be a critical control point because subsequent process steps are 
designed to control this hazard. This is recorded as Step 9 (after 
Step 1). 

2. Effective cleaning (of equipment) is recorded as a control 
measure at Process Steps 2,4,5,6,7,8.1, and 8.4 and as an element 
of an identified CCP from Step 6 onwards. The control measure, 
effective cleaning, would need to be defined by detailed specifi- 
cation and procedures relevant to each process step in support of 
the HACCP plan-if this detail is not to be repeated in the plan. 
The HACCP team would need to validate cleaning procedures as 
being suitable to remove relevant contamination at each step, as 
would be the case for environmental cleaning. 

3. The pasteurization step (Process Step 4) is recorded as not being 
a critical control point in the process under study. If the proce- 
dure is followed rigidly and each process step is considered and 
the CCP status decided before moving to the next process step, 
the CCP question response would be: Q1 yes, Q2 yes-a CCP. 
However, a focused HACCP team should be aware that a subse- 
quent step (Step 6, evaporator preheat) affords a timehempera- 
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Skim Milk Powder 

Keceipt and storage of  raw 
milk 

External 

+ +  
Imported Environmental - 1 contamination I I, 

Bulancc Concentrate storage 
lank 

r preheat. primary and 

9 

Air supplies 

. .  
\econdary drying. bulk 
ctornge 

l-eco\ ery 

Figure 13.4. Generic flow diagram for the manufacture of skim milk powder. 
Notes: (a) Single cooling water supply: stages 1,2,3,4,5, and 7. (b) CIP: unit 1 to  stages 
1.2, and 3; unit 2 to  stage 4; unit 3 to stages 5 , 6 , 7 ,  and 8. (c) Compressed air supplies 
are filtered at delivery. (d) All storage silos are chill water jacketed: stages 1, 3, 5 .  
and 7. (e) Main drier chamber has insulation material between inner and outer 
skin: cyclones are all single-skin. (f) Ventilation intake from roof area above cyclone 
matrix. 

ture condition that will eliminate salmonellae. This potential for 
confusion can be overcome in one of two ways: (a) by assigning 
Step 4 as a CCP and then reviewing when Step 6 is also identi fied 
as an effective control measure or (b) by interpreting Question 2 
on the decision “Free” as the pasteurization at Step 4 nor being 



Process Conditions - Low-Heat Skim Milk Powder 

Raw milk held at below 5"C, maximum 48 h 

Separation at 55°C 

Raw skim held at below S"C, maximum 24 h 

Pasteurization not less than 7 1.7"C, 15 s 

Pasteurized skim storage at below SOC, maximum 48 h 

Feed to evaporator preheated to 72"C, 40 s (regeneration) 

Final evaporator effect temperature 45°C at 50% solids 

Concentrate feed to drier 6SoC, time estimated < 30 s 

Primary air temperature 2 15°C in drier, cold-filtered to Eurovent EU 10 

There is no effective segregation of process areas from raw milk through to 

evaporator feed 

Silos are vented to an environment which is potentially contaminated with 

salmonellae from raw process stages. 

Concentrate silos are in the yard area, next to raw milk intake bay and silos. 

Figure 13.4. Continued. 

included (designed*) to eliminate salmonellae and then continu- 
ing through to the "Not a CCP" decision. It must be emphasized 
that this interpretation is only valid within the terms of reference 
of the study and the specific process equipment and layout. 

4. The second hazard at Process Step 6.1, leakage of skim milk from 
regenerator coils to final effect product at a temperature that 
would not be expected to eliminate salmonellae, can be judged as 
a CCP as indicated. An HACCP team would need to be assured 
that leakage was unlikely to occur, provided that the unit was 
maintained and validated to schedule. If this assurance could not 
be given, then the control measure at this point would need to 
be the delivery of pasteurized skim milk that had not been 
recontaminated and Step 4 becomes a CCP (i.e., consideration of 
imported skim, tanks and lines, and cleaning). 

*Note. Codex (1997) words Question 2 as follows: Is the  s tep specifically designed t o  
eliminate or reduce the likely occurrence of a hazard to  an acceptable level. (refer t o  
Q2 in Figure 13.3). 
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APPLICATION OF HACCP 633 

5. At Process Step 8.2, (drier start-up), a hazard is identified in the 
initial hazard analysis that has no control measure, but control is 
considered necessary for food safety. Under these circumstances, 
the HACCP team would consider how to modify the process, and 
in this case the filtration of primary air to the drier is proposed 
and identified as a CCI? 

6. At Process Step 8.4 (concentrate preheating), the hazard of 
salmonellae surviving in drying droplets during primary drying 
was considered. Concentrate preheat conditions (60°C for I 1  min) 
might be considered as a control measure; but it would be con- 
cluded that at the solids levels involved ( S O % ) ,  this would not be 
an effective control (Mackey and Derrick, 1987), nor could this 
process step be modified (higher temperature/longer hold time) 
without altering the physical quality of the product. The delivery 
of salmonellae-free concentrate is, therefore, identified as the crit- 
ical control point relying on control measures at previous process 
steps and the control measure of effective cleaning and sanitizing 
at Step 8. 

7. Process Step 8.5 records hazards representing routes of contami- 
nation of dried powder in the process (secondary drying, 
powder/air separation in cyclones, and powder transport). It is 
generally accepted that the most frequent route of recontamina- 
tion of spray-dried powder is from the environment into the drier 
system; a particular focus of contamination is damp or damaged 
insulation on drier systems. In many incidents of salmonellae- 
positive powders, the original source has been ingress of roof 
soiling (powder deposits, bird activity). The view should be taken 
at Question 2 that this process step is “specifically designed to 
eliminate or reduce the likely occurrence of the hazard of powder 
recontamination.” In a detailed, targeted HACCP study, however, 
this process step would be subdivided into several steps repre- 
senting the various process elements from primary drying through 
to delivery of the powder to bulk silos. In this detail, individual 
elements (steps) might be judged differently; for example, spray- 
drier chambers are not designed to eliminate the hazard of insu- 
lation material becoming a focus of contamination, although this 
has proved to be a route of contamination in many incidents. 

13.5.8.2 Cheddar Cheese-Control of Salmonellae. Figure 13.6 
presents a generic flow diagram, and Figure 13.7 presents a generic 
HACCP plan. 
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Vat 4 
Operations 

Cheddar Cheese 

Starter 
Rennet 

1 

3a 

Sources 

Receipt and 
storage of raw 
milk 

Draining belt 

2 4 
Environmental 
contamination 

Checldaring 
Tower 

regenerative 
cooling 

3 

Milling and 
salting 

Sa 

I 

Maturation 
I 

Figure 13.6. Gcneric flow diagram for the manufacture of Cheddar cheese. Nora (a) 
Cooling water supply to stage 1 only. (b) CIP: Unit 1 to stages I to 3; Unit 2 to 3a, 5, 
and Sa: othcrs have dedicated units. (c) Air tor salt and curd tramport-filtered to 
Eurovent EU1 10. 

The t e r m  of reference limit this illustrative example to the control 
of contamination with salmonellae. The food safety requirement, as 
recorded in regulatory specifications, is typically absent in 25 g, yz = 10, 
c = 0 (EEC, 1992). Figure 13.7 illustrates a typical output of Principle 
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PROCESS CONDITIONS - CHEDDAR CHEESE 

Raw milk held: 

Pasteurization: 

Milk to Vat: 

Starter DVI: 

Rennet: 

Scalding: 

Mill: 

Salt addition: 

At below 5"C, maximum 48 h 

At not less than 7 1.7"C, 15 s 

30+ 1°C 

Added to supplier's instruction within 30 min of vat fill 

Added to supplier's instruction 

30-39°C over 45-60 min, hold at 39°C for 45-60 min 

At not less than 0.4% lactic acid 

2-3 % 

Maturing temperature: 1 1"-12°C 

Figure 13.6. Conlinued. 

1 (to Stage 7) with agreed hazards and identified control measures 
recorded against process step numbering that is taken from the 
flow diagram (Figure 13.6). The outcomes of the CCP questions fol- 
lowing the decision tree (Figure 13.3) are recorded in the fourth 
column. Bearing in mind that application of the decision tree should 
be flexible and based on informed judgment, the following points can 
be made. 

1. Process Step 1 (receipt and storage of raw milk) is identified as a 
CCP with respect to the hazard of inhibitory substances (antibiotics) 
that might inhibit starter activity in the cheese vat. This process step 
would not be considered to be a CCP with respect to the elimination 
or control of salmonellae. 

2. The view taken with respect to environmental contamination 
(Process Step 9) and effective cleaning (of equipment) is the same as 
that for the skim milk powder example and would apply throughout a 
focused, specific HACCP Study. 

3. Process Step 3 (vat operations) is identified as a CCP. The key 
issue here is the rate and level of acid development, which directly influ- 
ences the microbiological status of subsequent process steps and indi- 
rectly influences the physical condition of the cheese. With slow acid 
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production, salmonellae (and other pathogens-i.e., Staphylococcus 
nureus and enteropathogenic Escherichia coli) can grow rapidly during 
cheese-making (6--7 generations after overnight pressing) and salmo- 
nellae can survive during cheese maturation (IDF, 1980). Cheddar 
cheese has been involved in salmonellae outbreaks, and one incident 
involving 2700 cases was attributed to incomplete pasteurization of vat 
milk, poor acid development, and poor equipment cleaning (Ratnam 
and March, 1986). The strain linked with this outbreak was reported to 
have a low infective dose (<lo cells per portion as consumed). Instances 
of contamination of Cheddar cheeses with salmonellae are known in 
the industry: and it is generally accepted that a minimum acid devel- 
opment in the cheese vat should be 0.4% lactic acid, and reasonable 
time limit for this is within 6h  of vat filling. Application of these criti- 
cal limits has proved to be an effective control: that is, there should be 
a minimum of 0.4% lactic acid at milling and salting. 

However, some processes seek to maximize throughput by acceler- 
ating passage through the vat, and salting and milling takes place at 
acidities as low as 0.3% lactic acid with obvious consequences in terms 
of the control of salmonellae should the curd be contaminated. Should 
this situation be presented to an HACCP team, it should elicit a “no” 
to Question I and a “yes” to the supplementary question calling for a 
modification to the process at this step. One solution might be the selec- 
tion of starter cultures that are able to continue to develop acidity at 
an adequate rate after salting, so that the desired minimum acidity is 
achieved within the required time. Before acceptance, such a change in 
process would need to be fully validated and an effective means of 
monitoring identified. 

4. Process Step 5 (milling and salting) is identified as a CCP, 
with the key issue being the level and distribution of the salt. In poorly 
run systems, salt variations with a 10-kg block of cheese can be as 
wide as 1 ‘YO to 3% against a recipe level of 2%. Apart from adversely 
affecting the organoleptic quality of the cheese, such extremes 
could have a significant effect on further acidity development (see 3 
above). 

13.5.8.3 Dairy Dessert--Bacillus cereus. Figure 13.8 is a 
schematic flow diagram for the manufacture of a single-layer, mousse- 
type dairy dessert. An illustrative HACCP plan has not been produced, 
but the following notes illustrate some key points that an HACCP team 
would need to consider against the terms of reference for control of 
psychrotrophic B. cereus in the product. 
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Pasteurized 
skim 
concentrate 

Pasteurized 
Cream 

DAIRY DESSERT 

b 

L Batch mixing 1. 

Dry ingredients 
starch, sugar b 

3. I 

flavourings 

Packaging r 

7 
Heat treatment 

I 

t 

-LI Packaging 

Chill storage 6. u 
contamination 

L 

Note: (A) Cooling water supply to Stage 2 and 3 
(B) CIP-Unit 1 to Stage 1 

Unit 2 to Stage 2 and 3 and 4A 
Stage 2 and 4B have dedicated Units 

(C) Compressed air supplies 

Figure 13.8. Generic flow diagram for the manufacture of a dairy dessert. Note: (a) 
Cooling water supply to stages 2 and 3. (b) CIP: Unit 1 to stage 1; Unit 2 to stages 2, 
3, and 4A; stages 2 and 4B have dedicated units. 
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1. While there is no epidemiological evidence that this type 
of product is implicated in food poisoning cases, there are guidelines 
indicating that 104/cfug-’ should be the maximum at point of sale. This 
figure should be adopted as the manufacturer’s food safety require- 
ment. 

2. The level of psychrotrophic B. cereus in ingredients is significant 
with respect to the base level in the batch presented for heat treatment. 

3. The heat treatment may or may not be considered to be sufficient 
to eliminate the spores of psychrotrophic B. cereus; for example, an esti- 
mate based on some reference data suggests that a thermal process of 
110°C for 36s will effect a 61og reduction. If the thermal process is to 
be accepted as an effective control measure, a detailed review of data- 
bases for thermal death data and validation of the chosen process 
would be necessary. 

4. The thermal process also has the function of cooking the starch 
component; this has a direct bearing on the structure of final product, 
and possibly on the growth rate of B. cereus in the product. 

5 .  Changes in formulation can influence the rate of growth of B. 
cereus in the product-for example, a change in sugar levels (Ah effect) 
or a change in product structure (starch matrix or fat level). 

6. Bulk storage time and temperature can significantly influence 
the shelf life of the packed product because psychrotrophic strains 
of H. cereus will multiply relatively quickly at slightly elevated 
temperatures. 

7. Filling route 4A represents a conventional pot filler with all the 
attendant opportunities for recontamination with Gram-negative 
organisms (e.g., Pseisdornonas spp.), so psychrotrophic B. cereiiJ does 
not limit yhelf life. 

8. Filling route 4B represents an “aseptic” filling system aimed at 
extended shelf life (20 days or more), and in the absence of other con- 
taminants the multiplication of psychrotrophic B. cereus (or others psy- 
chrotrophic spore-formers) is likely to limit shelf life. Points 1 to 7 are 
the more significant in this situation. 

Again. it is emphasized that the notes above relate to specific areas 
for consideration in an HACCP study with the stated terms of refer- 
ence. In a “live” HACCP study, other relevant points would need to be 
considered. 

The decision tree approach can be applied to processiproduct devel- 
opment projects when the HACCP team would either (a) consider 
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control measures available at Question 1 or (b) use the procedure to 
specify controls that would need to be established. 

The output of Principle 2/Stage 8 is identification of critical control 
points (CCPs) at process steps at which control is essential to prevent 
or eliminate a hazard or reduce it to an acceptable levels. This ensures 
that control and management at CCPs is given priority to assure 
food safety (or other quality requirements specified in the terms of 
reference for the study). 

13.5.9 Stage 9: Establish Critical Limits for Each CCP 
(Principle 3) 

A critical limit is a criterion that separates acceptability from unac- 
ceptability at each CCP. It should be measurable in real time (while the 
process is running) and might include measurements of temperature/ 
time, pH or acidity, moisture, the phosphatase test for pasteurized milk, 
ATP methodology to assess cleaning efficiency, or other observations. 
A critical limit might be mandatory (e.g., pasteurization temperature 
and time) or based on data collected under good manufacturing 
practice where a specific target level and tolerances are set. 

Typical critical limits are illustrated against CCPs in Figures 13.5 and 
13.7. 

13.5.10 Stage 10: Establish a Monitoring System for a CCP 
(Principle 4) 

Monitoring involves a planned sequence of observations or measure- 
ments against Critical Limits to assess whether a CCP is under control. 
Ideally, monitoring should identify a trend toward a critical limit 
maximum or minimum so that corrective action can be taken before 
the process is out of control and, in any event, should aim to identify 
violation of critical limits as soon as possible to minimize the amount 
of embargoedhejected product. Monitoring can be on-line with auto- 
mated corrective action (e.g., flow diversion systems on pasteurizers), 
or they can be off-line when corrective action might involve the 
embargohejection of any product implicated. Physical and chemical 
measurements are preferred to microbiological testing because they 
can be completed rapidly and often be indicative of conditions that 
control the microbiology of the product (e.g., phosphatase test on 
pasteurized milk, acidity of cheese curd). 
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13.5.11 Stage 11: Establish a Corrective Action Plan 
(Principle 5) 

This specifies the action(s) necessary when monitoring shows a poten- 
tial or actual loss o f  control at a CCP. The action(s) will aim to bring 
the process back into control before critical limits are reached (e.g., 
a temperature drift from a target of 5°C to near the tolerance value of 
7°C would call for an engineer to adjust the refrigerator plant), or it 
will specify the disposal of product that has breached a critical limit 
(e.g., handling a vat of cheese milk failing a phosphatase test could 
involve affected product embargo, a decision on disposal, an investiga- 
tion of the reasons for failure and correction, and cleaning and sani- 
tizing all equipment affected; this would be the responsibility of the 
technical manager). 

Monitoring requirements and corrective action plans should be con- 
sidered together by the HACCP team, and a clear decision should be 
reached and recorded on responsibilities for corrective actions. Outline 
monitoring and corrective actions are illustrated in Figures 13.5 and 
13.7, but see also Stage 13 (Principle 7). 

13.5.12 Stage 12: Verification (Principle 6) 

Verification applies methods, procedures, product tests, and other eval- 
uations, other than monitoring, to determine compliance with the 
HACCP plan; that is, it demonstrates that the HACCP plan and its 
application is consistently controlling the process so that product meets 
the food safety requirements (or quality requirement). The HACCP 
team should specify methods and frequency of verification procedures, 
which might include the following: 

1. Microbiological examination of intermediate and final product 
samples. In the examples used in Section 13.5.8, these steps 
would include the examination of skim milk powder for salmo- 
nellae, the examination of the dessert (at the end of shelf life) 
for B. cereus, and the examination of cheese blocks (at 24h, 
for example) for acidity/pH, salt level and distribution, and 
moisture. 

2. Review of complaints from consumers or regulatory bodies and 
outcomes of investigations into these complaints, if they were sub- 
stantiated, indicating that the HACCP plan did not completely 
control the process. 
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3. Auditing all monitoring and corrective actions records to estab- 
lish whether the HACCP plan is being fully implemented and 
demonstrates control. 

4. A review of validation records and, if appropriate, the application 
of more searching tests at selected CCPs to confirm the efficacy 
of the control measure (e.g., does the thermal process specified 
for the dessert reduce spores of psychrotropic B. cereus by the 
specified log reductions?). 

Note: Codex Alimentarius defines validation as “obtaining evidence 
that the elements of the HACCP plan are effective.”There is some con- 
fusion on the differentiation between verification and validation in 
HACCP procedures, with some suggesting that validation extends to 
demonstrating the correct choice of critical limits criteria. Unless and 
until this is clarified, confusion can be avoided by (a) interpreting 
validation as confirming the efficacy of control measures within the 
HACCP plan and (b) interpreting verification as tests and observations 
outside of the HACCP plan to confirm that control is achieved by the 
combined effect of the control measures and monitoring of the critical 
limits chosen. 

13.5.13 Stage 13: Establish Documentation and Record 
Keeping (Principle 7) 

The complexity and quality of documentation necessary will depend on 
the size and type of operation. A large unit manufacturing only cheese 
would tend to be easier to document than a smaller unit manufactur- 
ing a range of dairy desserts with varying formulations, structures, and 
packaging regimes. 

The key point is that the manufacturer must be able to demonstrate 
that the seven principles of HACCP have been correctly applied. 

To be effective, HACCP must be fully integrated into the unit 
quality systems as an element of total quality management. Figure 13.1 
shows the relationship between HACCP and quality systems through 
documentation. 

13.5.13. I Documentation Control Under IS0 9000. The following 
documentation should be issued as controlled documents: 

1. The finalized HACCP plan, for example, uses the format illus- 
trated in Figures 13.5 and 13.7 together with flow diagrams (Figures 
13.4 and 13.6). Process steps assessed as not being CCP should also have 
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critical limits, monitoring procedures, and corrective actions identified 
on the HACCP plan, and they can be designated as control points that 
contribute to good manufacturing practice. 

2. Guidelines, Procedures, and Work InstructiondRecord Sheets. 
Guidelines on good hygienic practice (GHP) are an essential element 
of the documentation required. The output of HACCP plans should be 
used to produce site-specific guidelines that address all of the points 
listed in the template given in Section 13.2.3.1. It is important that 
HACCP drives the content of such guidelines so that all the control 
measures are fully covered. It is good practice to refer to the current 
site Hygiene Guidelines at the flow diagram stage of the HACCP study 
(Stage 5 ,  Section 13.5.5), so that their contents are “placed on the table” 
for review in subsequent stages. Any issues specific to the HACCP 
study that are missing can be covered either by amendment of the 
Guidelines or by inclusion in the HACCP plan. 

Procedures cover the following: 

* Training for hygiene and operation. 
- Personnel hygiene and sickness reporting. 
- On-site food services. 
- Use of protective clothing. 
* Inspection and maintenance of equipment, manufacturing services 

(water, compressed air, drainage), and the building/site. 
* Raw materials/ingredients-specification/audit/sourcing. 
- Waste disposal. 
* Cleaning-equipment/environment; CIP/manual. 

In all cases the procedures should state clearly what should be done, 
how equipment or materials should be used, and by whom and how 
defects should be recorded, remedial action initiated, and action 
signed-off when completed. 

As with guidelines, current procedures should be reviewed in an 
HACCP study and modified, if necessary, on the basis of the hazard 
analysis. 

Work instructions give detailed instruction to operatives as to what 
has to be done at each process step. This will include, as appropriate, 
equipment manufacture’s instructions, product recipe (ingredient 
quantities, process times and temperatures, routing of intermediate 
product and final product through the factory), and action to be taken 
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in abnormal circumstances. Monitoring record sheets should be pre- 
pared to support, as necessary, work instructions, preferably with criti- 
cal limits shown, and instructions on how to complete them and action 
to be taken if critical limits are challenged (process adjustment and/or 
notify management). The work instructions should be generated 
directly from the HACCP plan, and the monitoring record sheet gives 
the detail that would otherwise complicate HACCP documents. 
Furthermore, there should be a clearly defined mechanism by which 
abnormal (critical limits breached) results are notified on an exception 
reporting system that calls for a traceable record of corrective or 
remedial action taken and the outcome of these actions, signed-off at 
a designated management level. 

Note: Where guidelines, procedures, and work instructions serve to 
carry forward HACCP plan requirements, cross-referencing by docu- 
ment number is recommended. 

13.5.13.2 HACCP Study Notes. While the HACCP plan should be 
issued as a controlled document as part of site quality systems, it is 
important that the background notes made during the HACCP study 
be kept as a file for reference in HACCP review or trouble-shooting 
exercises. As a minimum, these notes should include the following: 

- Product description notes (Stage 3). 
- Basis for decisions taken in Stage 7 (Hazard Analysis). 
- A note of any “judgment” decision taken at Stage 8 (Determina- 

tion of CCPs), together with data refered to and/or external expert 
advice source. 

* Recommended verification schedule (Stage 12). 
- Notes on any validation exercise undertaken (Stage 12). 
- A schedule of other quality system documents that are derived 

fromhpport  the HACCP plan. 
- Data derived from HACCP reviews. 

The detail required in the HACCP study notes will depend on the 
complexity and novelty of the process. A long-established process 
(powder drying, cheese-making) should be relatively straight- 
forward with few judgmental decisions. However, novel processes or 
products, such as desserts where formulations may be changed and 
structureiintrinsic factors altered, tend to move into areas where infor- 
mation is incomplete and informed judgments have to be made. It is 
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important that the basis for these judgments be carefully recorded, with 
all data available to the HACCP team attached, so that HACCP 
reviews initiated by product/process change or adverse verification 
results have a basis for analysis. 

13.5.14 Stage 14: Review of HACCP Plans 

The review of a HACCP plan evaluates any changes in process, 
product, or manufacturing site against the current HACCP plan to 
determine whether new hazards have been introduced that are not 
covered by existing control measures at critical control points or 
control points. HACCP study notes will afford a valuable background 
to the review process. If new hazards that are not adequately controlled 
are identified, the HACCP plan should be amended accordingly and 
notes of the review should be added to HACCP study notes. 

HACCP plan reviews should be triggered under the following 
circumstances: 

By routine schedule at a frequency determined by the HACCP 
team based on risk. 

* Change in product formulation (e.g., change of sugar or fat level 
in a dairy dessert). 

* Change in process (e.g., salting and milling of Cheddar curd at 
0.3% lactic acid instead of 0.4%). 

- Change in raw materials (e.g., a new source of starch for dairy 
dessert manufacture-possibility of higher B. cereus levels). 

* Change in consumer use/longer shelf life assigned. 
- Evidence of health or spoilage risk in the market place. 
- Emergence of “new” food-borne pathogens (e.g., verotoxigenic 

- Change to factory layout and environment (e.g., additional process 

- Modification to process equipment (e.g., different filler for 

- Changes in packaging, storage, and distribution. 
* Change in cleaning and sanitation program (e.g., new equipment, 

change in chemicals used, change in timekemperature regime in 
CIP or extension of CIP circuits). 

- Change in staff levels and responsibilities (e.g., initiation of a night 
shift). 

E. coli). 

installed alongside the one in the HACCP plan). 

desserts) . 
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- Verification findings. Of particular importance are the findings of 
food safety/quality audits based on HACCP plans. Properly con- 
structed, these audits will review monitoring records derived from 
the HACCP plan, including records of corrective actions, product 
disposals, and consumer complaints. In addition, the audit would 
cover all areas under the site Good Hygienic Practice Guideline. 

Food safety/quality audits should be formally recorded and issued 
within the site Quality System and list nonconformances (including 
those in application of an HACCP plan) and set timetables for reme- 
dial action. This is an effective route for the integration of the HACCP 
procedure into the application of process control, and it ensures that 
process control is focused on issues that are relevant to the 
safety/quality of the product. 

13.6 TROUBLE-SHOOTING 

Product failure, whether identified by in-house quality control data or 
by customer complaint, should be investigated using a disciplined and 
structured approach. It is not helpful, and often counterproductive, to 
collect together all available samples and test them in the hope of 
demonstrating that the problem was a "one-off" (e.g., a laboratory 
somewhere got it wrong!). This wastes valuable time while microbio- 
logical results are awaited, during which time the problem might be 
ongoing, or the process closed down in the event of an implied public 
health risk. A preferred way to investigate is to call the HACCP team 
together, who should then follow a prepared procedure involving the 
following steps: 

1. Confirm the identification of the microorganism implicated; it is 
not unknown for investigations to run for several days along the 
wrong path on the basis of misunderstandings about the causal 
microorganism. 

2. Review the HACCP plan together with HACCP study notes in 
order to list what could have gone wrong. For example, if the com- 
plaint is of high B. cereus levels in a dessert, the list might include 
thermal process, time, temperature before filling and in distribu- 
tion, change of ingredient supply, and change of cleaning regime. 

3. Based on the outcome of step 2, a detailed review of relevant 
monitoring and verification records, including equipment main- 
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tenance logs, cleaning logs, and personnel issues, should be under- 
taken. 

4. If any suspicions are raised in step 3, the HACCP team might 
need to ask for some specific tests to confirm suspicions. 

5. The outcome of step 4, assuming a cause is discovered, should lead 
to an amendment of the HACCP plan and/or the implicated pro- 
cedure/work instruction. 

6. In the absence of a conclusion in step 4, the HACCP team should 
initiate a time-limited program of verification testing to confirm 
that adequate control is in place and that the complaint was in 
fact a "one-off" or spurious. 

In all such trouble-shooting exercises, it is important that all 
members of the HACCP team be involved so that all disciplines can 
make an input. 

The discussion points and outcome of the trouble-shooting exercise 
should be recorded with the HACCP study notes for future reference. 

13.7 CONCLUSION 

As was stated in the Introduction to this chapter, Process Control 
embraces all eletnents of a process that influence the legality, safety, 
contractual, and commercial requirements of a product. The scope is, 
therefore, from farm to consumer and includes raw materials, formu- 
lation, bacteriocidal or bacteriostatic treatments, plant and equipment 
hygiene, personnel practices and hygiene, packaging, distribution con- 
ditions, and consumer use. 

Proper attention to such a broad scope requires a disciplined 
and documented approach, and Figure 13.9 summarizes the outline 
of such an approach based on HACCP. Details have been addressed 
in the chapter from a procedural point of view rather than the listing 
of process control requirements for specific products, although 
some generic examples are given in Figures 13.5 and 13.7. This 
approach was because other chapters in these volumes will give 
more specific information and, more importantly, each product in a 
particular manufacturing unit is unique and cannot be covered 
generically. 

As has been illustrated, the fundamental requirement in the estab- 
lishment of technically sound and cost-effective process control is, by 
addressing the food safety (or quality) requirements through HACCP 
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Figure 13.9. Schematic diagram showing an integrated approach to the application of 
process control. 

studies, the derivation of the necessary control measures and monitor- 
ing methods to demonstrate compliance. HACCP should drive on-site 
guidelines (hygiene), procedures. work instructions, and process moni- 
toring, and it should be incorporated into the documentation of a site 
quality system if it is to advise on process control. The importance of 
documented food safety/quality audits against the HACCP plan as one 
element of HACCP verification, and one of the triggers for a HACCP 
plan review is apparent. Figure 13.9 summarizes the elements of an 
integrated scheme. 



652 APPLICATION OF PROCESS CONTROL 

The benefits of such an integrated system of process control can be 
summarized as follows: 

- Hazards (to food safety/quality) are identified and control mea- 
sures are confirmed. 

- Monitoring requirements derived from a HACCP plan are focused 
on real-time measurements and observations wherever possible to 
allow rapid corrective action and avoidance of undue wastage of 
out-of-specification product-a move from retrospective QC to 
preventive QA. 

- Available technical resources are focused on critical control points. 
- It presents documented and relevant information to facilitate 

- It is a means of demonstrating diligence in process control to 
trouble-shooting exercises. 

regulatory bodies and customers. 

The HACCP principles discussed are relevant to all sizes of food 
manufacturing businesses. A World Health Organization consultation 
(WHO, 1999), while recognizing the difficulties is implementing 
HACCP in small and/or less developed businesses, stated that “the 
seven principles of HACCP can be applied to all businesses processing 
or preparing food, irrespective of size or nature of their work.” 

The value of HACCP will, in all cases, be enhanced by its inclusion 
as an element of any quality system documentation, and through this 
it will become a direct influence on the correct choice of process control 
parameters. 
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CHAPTER 14 

QUALITY CONTROL IN THE 
DAIRY INDUSTRY 
J. FERDIE MOSTERT and PETER J.  JOOSTE 
ARC-Animal Nutrition and Animal Products Institute, Irene, South Africa 

14.1 INTRODUCTION 

The quality of food, such as milk and dairy products, may be defined 
as that sum of characteristics which enables the food to satisfy definite 
requirements and which determines its fitness for consumption 
(Molnar, 1993). In this sense, quality can be judged by means of sensory 
evaluation, its nutritive value, and according to its chemical, physical, 
and microbiological characteristics. 

When referring more specifically to the microbiological characteris- 
tics of a food, it implies the measurement of the hygienic quality of that 
food. The concept of hygienic quality, in turn, requires that undesirable 
microorganisms or residues do not gain access to milk or dairy prod- 
ucts because these may prove harmful to human health, cause spoilage 
or deterioration of the food product, or simply be frowned upon from 
an aesthetic point of view. 

Cases of food-borne disease and food poisoning are becoming more 
and more common throughout the world. Both of these public health 
problems and the microbiological spoilage of foods can be minimized 
by the careful choice of raw materials and correct manufacturing and 
storage procedures. Achievement of such objectives requires, in many 
cases, monitoring at various stages to assess microbiological load or to 
look for particular microbial types. 

In this chapter the accent will be on monitoring procedures and 
microbiological analytical methods, and no attempt will be made to 
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discuss concepts such as good manufacturing practice (GMP), IS0 9000 
certification, or hazard analysis critical control points (HACCP) 
(Harrigan and Park, 1991). 

Monitoring procedures to be dealt with will include the air and water 
supplies in a factory environment, the hygiene of packaging material, 
and the sampling and testing of raw materials and end products. 

The analytical procedures will include standard and rapid methods 
€or assessing microbiological load and for enumerating and detecting 
specific microbial genera or groups. The principles of these methods 
will be outlined, and their advantages and disadvantages will be 
discussed. 

14.2 CONTROL OF AIRBORNE MICROORGANISMS IN 
DAIRY PLANTS 

The demand for extended shelf life and safety of dairy products has put 
increased emphasis on the microbial quality of air in dairy environ- 
ments. Air quality in the processing and packaging areas is a critical 
control point in the processing of dairy products because airborne con- 
tamination reduces shelf life and may serve as a vehicle for transmit- 
ting spoilage organisms and, if pathogens are present, transmission of 
diseases (Anonymous, 1988; Kang and Frank, 1989a). Every precaution 
should therefore be taken to prevent airborne contamination of the 
product during and after processing (Kang and Frank, 1989b; Luck and 
Gavron, 1990; Hickey et al., 1993). Air quality in processing areas, the 
factory environment (e.g., walls, floors, drains), and air used in the man- 
ufacturing of dairy products should be monitored on a regular basis. 
Airborne microorganisms in dairy plants include bacteria, molds, 
yeasts, and viruses. Data on air counts and types of different 
microorganisms in processing areas, reported by various authors, are 
comprehensively reviewed by Kang and Frank (198911). The generic 
composition and the levels of microorganisms can vary widely within 
and among plants, and on a day-to-day basis within the same plant.The 
variations can consequently be attributed to differences in plant design, 
airflow, personnel activities, and status of factory hygiene. Installation 
of air filters, application of UV-irradiation, and regular chemical disin- 
fection (bactericidal, fungicidal, and viricidal agents) of air can be 
applied to critical areas to control airborne microorganisms (Singh 
et al., 1986; Homleid, 1997; Rockmann, 1998; Arnould and Guichard, 
1999). 
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14.2.1 Sources and Routes of Airborne Microorganisms 

Airborne microorganisms can be attached to solid particles like dust, 
are present in aerosol droplets, or occur as individual organisms due to 
the evaporation of water droplets or growth of certain mold species. 
The main sources of airborne microbes may include the activity of 
factory personnel, ventilation and air-conditioning systems, inflow of 
outdoor air, and packaging materials (Heldman et al., 1965; Hedrick 
and Heldman, 1969; Hedrick, 1975; Kang and Frank, 1989b; Luck and 
Gavron, 1990). Frontini (2000) found that factory personnel, dairy 
equipment, building materials, and ventilation systems are responsible 
for 50-60% , 25-35%, 10-20Y0, and 1-5 YO, respectively, of airborne con- 
taminants. An increase in viable aerosols have been detected during 
flooding of floor drains (Heldman and Hedrick, 1971) and after rinsing 
the floor with a pressure water hose, thereby illustrating the ability of 
microorganisms to be disseminated from drains and wet surfaces as 
a result of physical activities (Kang and Frank, 1990; Mettler and 
Carpentier, 1998). Whenever possible, wet cleaning should not be used 
during the processing of milk products in areas in which the product is 
exposed and can be contaminated by aerosols. Once a high concentra- 
tion of viable aerosol is generated, it can take more than 40min to 
return to the normal background level. It is important to minimize the 
generation of aerosol droplets from bubbles bursting at a water 
surface-for example, during rinsing activities or during raw milk han- 
dling. It has been shown that drains, floors, and standing or condensed 
water can be a source of pathogens in dairy plants (El-Shenawy, 1998). 
The potential contamination from bacterial biofilms is of major concern 
because microbial cells may attach, grow, and colonize on open exposed 
wet surfaces-for example, floors, floor drains, walls, and conveyor belts 
(Wong and Cerf, 1995; Carpentier et al., 1998; Mettler and Carpentier, 
1998). Floors in dairy plants are one of the main reservoirs of Listeria 
monocytogenes (Davis et al., 1996; Fenlon et al., 1996). 

Water used in open circulation systems is another significant source 
of airborne microbial populations (Lighthart and Frisch, 1976). These 
authors found that as many as 10'" viable bacteria per second can be 
released into the air from a 15-m-high cooling tower. It should be rec- 
ognized that in a cooling tower, not only does evaporation of water 
occur, but also the formation of small water droplets. This spray from 
cooling towers, if contaminated, may be a possible source of certain 
pathogens (Hiddink, 1995) and consequently airborne contamination. 
Microorganisms and small particles are commonly found in the imme- 
diate vicinity of water surfaces (Al-Dagal and Fung, 1990). 
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14.2.2 Outdoor Environment 

The control of airborne microorganisms in the immediate surroundings 
of dairy premises is more difficult than in closed, indoor environments 
where more controlled measures can be taken. According to Al-Dagal 
and Fung (1990), one aspect, that could be helpful in reducing the 
microbial load outdoors is the control of organic materials. Natural 
agents such as UV light, humidity, temperature, wind direction, and 
speed have a significant influence on the total number of airborne 
microorganisms in the outdoor atmosphere. 

14.2.3 Processing Rooms 

The most positive approach to controlling airborne contaminants 
indoors is to remove all contamination sources from the area where 
the product might be exposed to air. Good ventilation is necessary 
to remove moisture released during the processing of dairy products. 
It will also prevent condensation and subsequent mold growth on 
surfaces. More attention is given nowadays to air cleaning in food 
plants, among other things, by establishing air flow barriers against 
cross-contamination from the environment (Jervis, 1992; Kosikowski 
and Mistry, 1997a,b). In modern dairy plants, the air entering process- 
ing rooms is chilled and filtered to remove practically all bacteria, 
yeasts, and molds. It is essential that filtered sterilized air be supplied 
to areas where sterile operations are to be carried out. Rigid frame 
filters or closely packed glass fibers are available to achieve contami- 
nation-free air for (a) culture transfer and (b) manufacturing and 
packaging of sterilized milk and milk products (Shah et al., 1996,1997). 
The use of high-efficiency particulate (HEPA) filters will remove 
99.99% of airborne particles 0.3pm and larger (Everson, 1991), 
while new ultra HEPA (ULPA) filters remove 99.999% of particles 
as small as 0.12pm (Shah et al., 1997). Passage of air through a com- 
bined HEPA/ULPA filter is usually considered suitable for use 
where contamination-free work is to be carried out. Standard high- 
efficiency air filter systems allow more air into the room than normal, 
thereby establishing a positive air pressure. Upon opening a door, 
filtered air flows out, thus blocking the entry of untreated air and 
minimizing microbial contamination. For optimal ventilation, sufficient 
air changes have to be made to prevent the buildup of condensation 
on surfaces. This is usually achieved by not less than 10 changes per 
hour and often up to 20 changes per hour in rooms where moisture is 
generated. The ventilation unit must also be able to accommodate 
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extreme conditions-for example, during cleaning periods (Jervis, 
1992). 

Rooms in which direct exposure to outside air is inevitable can have 
air flow barriers installed, mounted over open doorways to secure a sig- 
nificant downward velocity of air flow, preventing contamination from 
outside (Kosikowski and Mistry, 1997a). Outside air should be filtered 
and free of condensate. 

Compressed air is commonly used in various processing operations 
and can contribute to contamination of products by dust and microor- 
ganisms and, in the case of lubricated compression systems, by oil fumes 
(Guyader, 1995; Wainess, 1995a). Whenever air under pressure comes 
into direct contact with the product (pneumatic filling, agitation, or 
emptying of tanks) or is directed at milk contact surfaces, it should 
be of the highest quality. Sterile compressed air can be obtained by dry- 
ing the air after compression in adsorption filters (e.g., chemically 
pure cotton, polyester, or polypropylene) and by installing a series of 
filters with 0.2-pm pore size downstream, immediately preceding the 
equipment where the air is needed (Bylund, 1995; Guyader, 1995; 
Anonymous, 1997). 

Walls and ceilings must also be of the highest standard with no 
opportunity for accumulation of dust and other deposits. To achieve the 
required standards, suitable sealants and sterilants, as well as coatings 
with antimicrobial properties, are available with effectivity against a 
wide range of bacteria, molds, and yeasts (Vedani, 1996; Russell, 1997a; 
Botta, 1998). The use of clean-room clothing, head covering, masks, and 
gloves largely eliminates the release of microorganisms into the pro- 
cessing environment. A good hygiene training program for factory per- 
sonnel will contribute to reducing contamination by workers ( Al-Dagal 
and Fung, 1990). 

Standards for airborne counts in various processing areas have been 
proposed by various authors (Kang and Frank, 1989b). Proposed 
standards in this regard are presented in Table 14.1. Although these 
standards are relatively strict, experience has shown that they are 
achievable (Luck and Gavron, 1990). 

14.2.4 Methods of Air Sampling 

The main reason for sampling air in the dairy plant is to evaluate its 
quality and to obtain information about the hygienic condition in 
certain critical areas where microorganisms may contaminate the 
product directly, or indirectly. Samples may be taken from the follow- 
ing locations: 
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TABLE 14.1. Suggested Standards for Air Counts in Various Processing Areas 

Plate Count Yeasts and Molds 
(cfu m ’) (cfu m ’) 

Processing 
Area Satisfactory Unsatisfactory Satisfactory Unsatisfactory 

Cultured milk <150 >1500 <SO > 1000 
and cream, 
cottage cheese 

Milk and cream <1SO >1SOO <SO >I 000 
Butter <I 00 > 1000 <SO >loo0 
Powdered milk <200 >20OO 4 0 0  >loo0 
Ripened cheese <200 >2OOO <loo > 1000 

Sorrrte: Adaptcd lrom Luck and Gavron (1990). 

1. At openings of processing equipment that may be subjected to 

2. At selected points in a room e.g. where products are filled and 

3. In areas where employees are concentrated (IDF, 1987). 

potential contamination by air currents. 

packed. 

Although various air samplers have been designed for sampling air- 
borne organisms (Kang and Frank, 1989b; Al-Dagal and Fung, 1990), 
none of these recover viable particles without some inactivation or 
losses during or after sampling. The effectiveness of air quality moni- 
toring depends on the type of sampler used, as well as on the nature of 
air in the specific environment to be monitored (Kang and Frank, 
1989a). There are two main principles by which airborne microbes can 
be sampled: 

(a) Collection onto solid and semiliquid media or filters. 
(b) Collection into a liquid solution or medium. 

The objective in each case is to determine the number of organisms on 
the plates, in the filter, or in the liquid media. Sampling time for all col- 
lection methods is usually standardized at 15, 30, and 60min (IDF, 
1987). The basic methods include techniques such as sedimentation 
(gravitation settling), impaction on solid surfaces, and impingement in 
liquids, as well as centrifugation and filtration (Kang and Frank, 1989b; 
Al-Dagal and Fung, 1990; Hickey et al., 1993; Neve et al., 1995). Com- 
parative studies of air sampling devices have indicated that there is 
often no obvious choice of the correct sampler to use. Results in this 
regard are discussed by Kang and Frank (1989a-c, 1990). 
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14.3 MICROBIAL CONTROL OF WATER SUPPLIES 

Water has many applications in the dairy industry and the quality 
requirements vary with different applications. Because water is an 
important commodity for dairy product manufacture, special attention 
should be paid to the supply and quality of water. The dairy industry 
consumes large quantities of water for various purposes, such as direct 
preparation of products, cleaning and disinfection, cooling, and steam 
generation. Without sufficient good-quality water, it is impossible to 
produce high-quality dairy products. Water systems can present a 
hazard if the microbiological quality is not monitored and appropriate 
water treatment applied (Hiddink, 1995). Water used in dairy opera- 
tions must be safe and must be practically free from organisms that 
could contaminate the product and initiate spoilage. Spoilage of refrig- 
erated milk and milk products by water-borne organisms-for example, 
psychrotrophs (Witter, 1961)-can occur either directly, through 
product contact with the water itself, or indirectly, by microbes meta- 
bolizing nutrient residues on improperly cleaned equipment surfaces 
(Hickey et al., 1993). It is necessary to check the quality of water re- 
gularly and to incorporate such practices into the quality management 
system, specifying the frequency and parameters to be monitored. 

14.3.1 Water Used for Processing 

Process water is water that can come into contact with the product, 
either directly or indirectly. Therefore, it must be of the highest quality, 
meeting the requirements for drinking water quality (Table 14.2) or, 
preferably, exceeding these standards. It should consequently be clear, 
free from odor, color, and taste, soft, and virtually sterile (Bylund, 
1995). In the dairy industry process water is, for example, used for the 
direct preparation of products, for starting-up pasteurizers and evapo- 

TABLE 14.2. Proposed Standards for Drinking Water 

Parameters Count (cfu) 

Total bacterial count (22T) <IOOmI-' 
Total bacterial count (37°C) <10ml-' 
Total coliforms <1100mlP 
Fecal coliforms <I 100 m1-l 
Fecal streptococci <I 100 mIP 
Sulfite-reducing clostridia <I20 ml-' 

Source: Adapted from Hiddink (1995). 
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rators, for flushing-out product from process equipment at the end of 
production, €or rinsing equipment after cleaning, for washing cheese 
and butter, for CIP-cleaning for post-finishing of process equipment, 
for regeneration of water treatment equipment, and for air-condition- 
ing humidity control in stores (Hiddink, 1995). 

Water with suitable microbiological quality (very low counts) should 
be used for the final rinsing of equipment after cleaning; otherwise 
recontamination of the cleaned surface can take place. In this case, 
disinfection of the water is necessary. Suitable standards for process 
water are usually <lo0 and a maximum of 1000cfuml-’ for total viable 
count at 22°C and absence of coliform organisms in 100ml of water. 
Any deviation from this standard should be investigated to identify the 
source of contamination. Whatever the origin of water, it should be rou- 
tinely examined microbiologically at point of entry and especially at 
the most critical place-that is. at the point of use (Hiddink, 1995; Jervis, 

The sources of water supply to the dairy industry are surface water, 
ground water, condensate from evaporators, and public mains or tap 
water. Public mains or tap water can mostly be used without further 
treatment. However, in some countries, additional disinfection at the 
factory may be required. Considerable attention should be given to 
meet quality requirements if process water is produced at the factory 
itself from sources such as surface water and ground water. Recovered 
water (c.g., evaporator condensate) is usually not recommended for use 
in food contact applications, including the final rinse in cleaning (Jervis, 
1992). Since most of the micro-organisms in water are destroyed by 
chlorination or heat, many plants treat all water to keep contamination 
at a minimum (Hickey et al., 1993). Stored water is usually chlorinated 
in order to maintain suitable microbiological quality, levels of up to 1 
ppm available chlorine usually being sufficient although up to 2ppm 
available chlorine is advised if water is softened (Jervis, 1992). Present- 
day techniques for the treatment of water include disinfection with 
chlorine, chlorine dioxide, ultraviolet-light, ozone, microfiltration, and 
other processes (Hiddink, 1995). 

1992). 

14.3.2 Water Used in Cooling Systems 

Cooling water is used for the removal of heat from process streams and 
products. The quality requirements for cooling water used in plate heat 
exchangers to cool milk products is critical, because with this type of 
equipment there is a risk of failure and leakage of cooling water to the 
product. In such situations, cooling water should be of drinking water 
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quality. Mains or tap water, ground water, surface water, and conden- 
sate can be used.To obtain drinking water quality, the same treatments 
as €or process water are applicable. To prevent problems like corrosion 
and fouling in cooling systems by microbial biofilms, chemical condi- 
tioning is usually applied (Mattila-Sandholm and Wirtanen, 1992; 
Assink and Van Deventer, 1995; Hiddink, 3995). 

14.3.3 Microbiological Tests 

The type of sample taken depends on the purpose of sampling. General 
bacteriological sampling (for E. coli and coliforms) involves the col- 
lection of relatively small volumes of water (500ml to 3 liters), whereas 
samples for detection of specific pathogens involve larger volumes 
(10 to 1000 liters) (IDF, 1987; Clesceri et al., 1989; Fricker, 1993). It 
must be stressed that only sterile sampling containers should be used 
and that these should be completely filled. The samples should be 
examined as soon as possible after collection, preferably within 6h  
(Fricker, 1993). 

The methods for the microbiological examination of water are 
intended to give an indication of the degree of contamination and to 
ensure the safety of supply. In general, the tests are based on indicator 
organisms, the presence or absence of which provides a measure of the 
microbiological quality of the water. Detailed procedures for the sam- 
pling and testing of the microbiological quality of water is outlined in 
the 17th edition of Standard Methods for the Examination of Water and 
Waste Water (Clesceri et al., 1989). 

14.4 ASSESSMENT OF DAIRY EQUIPMENT HYGIENE 

Hygiene monitoring of dairy equipment is a routine exercise that must 
be carried out to verify that the cleaning and sanitation/sterilization 
operations have been properly conducted. Plant hygienehanitation is 
dependent on the efficiency of cleaning (removal of residual soil from 
surfaces) as well as on the effective destruction of most (sanitation) or 
all (sterilisation) of the remaining microorganisms. Verification of 
cleaning and sterilization of dairy equipment surfaces usually com- 
prises sensory (sight, feel, smell) and bacteriological examination. 
Although modern dairy plants are highly automated and processing 
lines seldom assessable for visible inspection, it is often very useful in 
detecting inadequately cleansed equipment (IDF, 1987; Zall, 1990; 
Tamime and Robinson, 1999a). 
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14.4.1 Biofilm Formation on Dairy Equipment Surfaces 

Failure by cleaning procedures to adequately remove residual soil from 
surfaces (especially from milk/product contact surfaces), or the inef- 
fective destruction of the residual microorganisms, may have serious 
implications. Microorganisms remaining on equipment surfaces may 
survive for prolonged periods, depending on the amount and nature of 
residual soil, temperature, and relative humidity. Milk is a highly nutri- 
tious medium, hence any residue not removed can promote bacterial 
growth, bacterial adhesion to the surface, and consequently biofilm 
development (Wong and Cerf, 199.5). Biofilm is a convenient term to 
designate microorganisms adhering to and growing on wet surfaces and 
acquiring, within a matter of hours, resistance to adverse environmen- 
tal conditions (Carpentier et al., 1998). 

Biofilm formation is not a new phenomenon and has been and is 
being studied extensively (Mattila-Sandholm and Wirtanen, 1992; 
Carpentier and Cerf, 1993; Austin and Bergeron, 199.5; Lindsay et al., 
2000). It has been established that biofilm accumulation in the dairy 
environment and especially on milk/product contact surfaces has, for 
example, the following potential implications: 

- Postpasteurization contamination, decreased shelf life, or potential 
spoilage of products (Koutzayiotis, 1992; Koutzayiotis et al., 1992; 
Austin and Bergeron, 1995) and, if pathogens are present, trans- 
mission of diseases (Dunsmore et al., 1981; Ronner and Wong, 
1993; Blackman and Frank, 1996; Miettinen et al., 1999). 

- Adhered cells in a biofilm are more resistant to adverse conditions 
than planktonic (free-living) cells and have, for example, increased 
resistance to antibacterial agents (antibiotics, disinfectants), chem- 
ical shock, desiccation, starvation, inconsistent nutrient supply, and 
extreme heat or cold (Frank and Koffi, 1990; Costerton et al., 199.5; 
Wong and Cerf, 1995). The existence of viable but nonculturable 
cells within a biofilm, which survive these stressful conditions, 
are also possible (Leriche and Carpentier, 1995; Mettler and 
Carpentier, 1997). The occurrence of bacteria in such a state would 
not be easily detected under normal microbiological culture con- 
ditions (Wong and Cerf, 1995) (see Section 14.11.1). 

* Attached cells become irreversibly adsorbed to the surface, which 
enables the organisms to resist mechanical and chemical cleaning 
procedures (Lundkn et al., 2000). 

- Biofilms can be found in apparently extreme environments, such 
as crevices between gaskets and pasteurizer plates where they 
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survive repeated cycles of pasteurization, cleaning, and sanitation 
(Austin and Bergeron, 1995; Mettler and Carpentier, 1997; Lindsay 
et al., 2000). 

Areas in which biofilms most often develop are those that are the most 
difficult to rinse, clean, and sanitize, and are also more difficult to 
sample, regardless of the method used. Dead ends, joints, grooves, 
surface roughness, bypass valves, sampling cocks, overflow siphons in 
filters, and corrosion patches, and so on, are hard-to-reach areas (Wong 
and Cerf, 1995). Chemical cleaning and sanitation/sterilization are 
indispensable tools for dairy plant hygiene operations; however, other 
means of ensuring the hygiene of contact surfaces, at least at critical 
points, are needed. New ideas to improve surface hygiene are, for 
example, the modification of surfaces by incorporation of biocides, 
antimicrobial agents, or catalysts; improvedhew processes and 
methods for sanitation/sterilization; and biocontrol (Carpentier et al., 
1998). 

14.4.2 Methods for Assessment of Dairy Equipment Hygiene 

Different methods and/or techniques have been devised to monitor 
the hygiene of dairy equipment surfaces (IDF, 1987; BSI, 1991; Hickey 
et al., 1993; Wong and Cerf, 1995; Tamime and Robinson, 1999a), thus 
contributing to maintaining production of high-quality products and at 
the same time ensuring compliance with legal requirements. Whatever 
tests are employed, it is essential that they be applied routinely, because 
individual observations are in themselves meaningless; only when 
values for a typical, high standard of hygiene have been established for 
a given plant, along with acceptable tolerances, do the results of any 
microbiologicallhygiene test become valuable (Tamime and Robinson, 
1999b). 

Enumeration of total counts of bacteria, coliforms, yeasts, and molds 
are the most common microbiological examinations carried out to 
assess the bacteriological contamination of surfaces. The types of 
microorganisms present reflect to some extent the standard of plant 
hygiene (Tamime and Robinson, 1999a). Selective and differential 
culture media may also be used to test specifically for given groups of 
organisms. Although a given assessment method may not remove all 
the organisms from the surface being tested, its consistent use in spe- 
cific areas can still provide valuable information as long as it  is realized 
that not all organisms are being removed (Jay, 1992). The most com- 
monly methods for surface assessment are presented below: 
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Swab/Swab-Rinse Method. The swab method is applicable to any 
surface (flat or curved, horizontal, vertical, or sloped) that can be 
reached with hand-held sticks containing either cotton or alginate 
gauze swabs (or other approved alternatives). The swab technique can 
be used for hard-to-reach areas such as surfaces with cracks, corners, 
or crevices (Hickey et al., 1993). A sterile swab, moistened in an appro- 
priate solution, is rubbed over a designated area of the contact surface. 
Sterile templates, with openings corresponding to the size of the area 
to be swabbed, are often very useful. The swab is transferred to its 
holder (test tube) with a known volume of a physiological neutral solu- 
tion and vigorously agitated (preferably in an automated shaker to 
ensure reproducibility). When calcium alginate swabs are used, the 
organisms are released into the diluent after dissolving the alginate, 
for example. in 3 % sodium hexametaphosphate solution. Samples 
of the solution, or decimal dilutions if necessary, are examined by, 
for example, the plate count method (Jay, 1992; Wong and Cerf, 
1995). 

The cellulose sponge swab method (Hickey et al., 1993) is another 
technique that could be used to assess dairy equipment hygiene. Little 
pieces of sponge (free from bacterial inhibitors) held by tweezers or by 
hand (using sterile gloves) are used to sample surfaces. This technique 
is particularly useful to examine large surface areas. Numbers of organ- 
isms recovered by alginate swabs are reportedly higher than those 
obtained by cotton swabs (Jay. 1992). The reproducibility of the 
swnb/swab-rinse techniques is variable due to the unreliable efficiency 
of swabbing, and the proportion of bacteria removed from the surface 
is unknown. Furthermore, it is highly operator-, day-, and time- 
dependent (Wong and Cerf, 1995). The swab method is, despite its 
limitations, very useful and almost universally applied in the dairy 
industry (Tamime and Robinson, 1999b). The swab and rinse methods 
may also be supplemented by a bioluminescence test for total adeno- 
sine-5triphosphate (ATP) (Pettipher, 1993; Anonymous, 1995; Werlein 
and Wucherpfennig, 1999) (see Section 14.8.3.1 ) whereby an indication 
of the state of hygiene of the plant surface is acquired. Obviously. the 
readings are not intended to correlate with the microbial count, but 
there is an excellent correlation between clean surfaces and low levels 
of ATP (Tamime and Robinson, 1999b). 

Surface Rinse Method. The effectivity of cleaning and sanitation of 
containcrs and equipment can be assessed by rinsing the container or 
equipment with a measured volume of sterile water or Ringer’s solu- 
tion and analyzing the sample for total bacterial numbers or the pres- 
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ence of different types of organisms. The rinse (solution) method is 
more appropriate for assessing internal surface contamination of con- 
tainers (Luck and Gavron, 1990). In cases where the volume of the rinse 
is large, or the microbial load is low, it is advisable to use the membrane 
filter technique (see Section 14.3.3) whereby a known volume of the 
rinse sample is filtered through an appropriate membrane (generally 
0.45 pm), retaining any microorganisms that may be present. The mem- 
brane is placed onto the surface of a pre-poured agar plate and inocu- 
lated, and visible colony growth is observed between 48 and 72 h. Rinse 
water could also be examined by the direct epifluorescent filter tech- 
nique (DEFT), using fluorescent dyes and fluorescence microscopy 
(Holah et al., 1988; Jay, 1992; Tamime and Robinson, 1999a) (see 
Section 14.7.1.2). An advantage of the DEFT is that results can be 
obtained within 25-30min. 

Agar Flooding Method. The agar flooding method is used for assess- 
ing the hygiene of internal surfaces of pieces of equipment (tubing, 
valves, pumps, etc.), cans, and bottles. A molten nutritive agar medium 
is poured into the item, which is immediately closed and rolled by hand, 
or by an automated system to form a thin and continuous layer, until 
the agar sets. After incubation, the colony-forming units are counted 
visually through the wall if it is transparent, or with an endoscope 
(Wong and Cerf, 1995). 

Agar Contact Plate Methods. Flat or slightly bent surfaces that are 
smooth and nonporous can be sampled by applying a solidified piece 
of appropriate nutritive agar medium. Microcolonies detached from 
the sampled surfaces and sticking to the agar can grow and form visible 
colonies when the agar is incubated. A number of commercial products 
are also available in this regard: 

RODAC Plate Count. The replicate organism direct agar contact 
(RODAC) method employs special commercially available plastic 
plates in which the agar medium protrudes slightly above the rim. The 
agar surface is pressed onto the test area, removed, the lid replaced and 
incubated (Luck and Gavron, 1990; Jay, 1992; Hickey et al., 1993). 

Agar Slice Methods. A sterile 100-ml syringe (modified by removing 
the needle end to create a hollow cylinder) is filled with agar medium. 
A portion of the agar is pushed out to make contact with the test 
surface, cut off, and placed into a petri dish and incubated (Jay, 1992). 
Similarly, an artificial (plastic) sausage casing can also be used in this 
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way (Ten Cate, 1965). Drawbacks to these methods are, for example, 
the covering of the agar surface by spreading colonies and its ineffec- 
tiveness for heavy surface contamination (Jay, 1992). Unless caution is 
taken to apply agar to the sample surface with constant pressure and 
time, reproducibility of sampling can be questionable (Wong and Cerf, 
1995). 

Dry Rehydratable Film Method. The dry rehydratable film (Petrifilm 
aerobic count) method provides a simple direct-count technique for 
detecting bacterial contamination on both flat and curved surfaces (Jay, 
1992; Hickey et al., 1993). Petrifilm methods exist for the detection and 
enumeration of specific groups, such as coliforms (see Section 
14.7.3.1 A). This procedure is less applicable for surfaces with cracks or 
crevices (Hickey et al., 1993) or when surfaces are heavily contami- 
nated (Wong and Cerf, 1995). 

Other Methods. Various other methods are described in the litera- 
ture-for example, the adhesive (sticky) tape method (Tamminga and 
Kampelmacher, 1977) and rapid methods for monitoring the hygiene 
of dairy equipment surfaces (Russell, 1997b). 

14.4.3 Suggested Standards 

Some suggested standards for dairy equipment in contact with prod- 
ucts prior to pasteurization/heat treatment are shown in Table 14.3. 
With improved cleaning and sanitation regimes, a total colony count of 
200cfu 100cm-2 would be expected nowadays, and a value of 4 0 c f u  
100 cm-' would be expected for any equipment containing pasteurized 
product (Luck and Gavron, 1990). 

Reliable methods for sampling and enumeration of microorganisms 
remaining on dairy equipment surfaces, especially techniques to 

TABLE 14.3. Suggested Standards for Dairy 
Equipment Surfaces Prior to Pasteurizatioaeat 
Treatment 

cfu 100cm-' Conclusion 

500 (coliforms < 10) 
500-2500 
>2500 (coliforms 100) 

Satisfactory 
Dubious 
Unsatisfactory 

Source: Adapted from Harrigan and McCance (1 976);Tamimc 
and Robinson (1999b). 



HYGIENE OF PACKAGING MATERIAL 669 

detect and enumerate adhering bacteria, will contribute toward the 
effective monitoring of dairy equipment hygiene (Wong and Cerf, 
1995). At the same time, research into the microbial ecology of surfaces 
in the dairy industry to minimize biofilm formation (e.g. inhibiting/ 
preventing colonization, adhesion, and/or growth of unwanted bacte- 
ria), as well as the removal of biofilms, is also needed (Carpentier et 
al., 1998). 

14.5 HYGIENE OF PACKAGING MATERIAL 

The primary purpose of packaging is to ensure that milk and dairy 
products reach the ultimate consumer in a safe, sound, and convenient 
condition. Packaging is in fact an integral part of modern production 
processing and is usually considered to be the key to successful plant 
operation. During the last 25 years, the packaging of dairy products has 
made tremendous strides in improving the hygienic quality and shelf 
life of the product. Packaging equipment requires special attention 
because the product reaching this equipment will no longer be treated 
to reduce its microbial content. Ideally, equipment design should not 
allow any contamination to either the product or the package (Wainess, 
1995a). 

14.5.1 Manufacturing of Packaging Materials 

Basically, the same general hygiene requirements that apply to dairy 
plants should apply to plants manufacturing packaging materials (also 
those in which containers are formed and filled). Requirements for the 
hygienic manufacture of packaging materials, containers, and closures, 
especially for single-service containers, have been suggested by Wainess 
(1995b). Uncoated paper stock, prior to lamination, should meet a 
microbiological standard of not more than 25Ocfu per gram as deter- 
mined by a disintegration test (Hickey et al., 1993). Where a rinse test 
can be used, the residual microbial count should not exceed 5Ocfu per 
package except that in packages of less than l00ml the count should 
not exceed 10. Where the swab test technique is used (e.g., laminated 
board, sheet, wrapping, etc.) the microbial count should not exceed 
1 cfu cm-2 of product contact surface. Product contact surfaces should 
be free from coliform organisms. It is evident that packages or pack- 
aging material must arrive at the dairy plant with an “acceptable” low 
microbial count and be formed, filled, and sealed employing the proper 
hygienic measures to preclude additional contamination. 



670 QUALITY CONTROL IN THE DAIRY INDUSTRY 

14.5.2 Retail Packaging 

Although the use of returnable containers is largely restricted to liquid 
milk, it may extend to other products such as cream and fermented 
milks. For retail volumes, the container can be made of glass, polycar- 
bonate, or polyethylene and sealed by single-service aluminum, paper, 
or plastic caps. For wholesale quantities, stainless steel or aluminum 
cans are used. With modern mechanical bottle washing operations, the 
combination of jetting and the bactericidal power of the cleaning solu- 
tion normally gives a very high standard of cleanliness. The residual 
colony count should not exceed SO per container. In containers of less 
than 100m1, the colony count should not exceed 10cfu per container. 
The number of residual microorganisms on the inner surface of return- 
able metal cans, normally used for distribution of pasteurized milk or 
cream in bulk (5-45 liters), should not exceed SOcfu per container 
(Wainess, l995b). 

With the advent of plastic-coated packages and closures and the 
development of vacuum-formed and blow-molded plastic packages, 
plastic bags, and extruded and fabricated sheets of plastic for packag- 
ing, hygienic problems that could not be solved by treatment after 
forming the package have become evident. It is obvious that physical 
impurities such as dust or particles released from the material should 
not gain access to the product. The influence of packaging on the con- 
tamination of dairy products may be direct, due to the presence of 
microorganisms on the material, or indirect due to the permeability of 
the material to bacteria. The packaging material used for heat-treated 
milk should first of all be free from pathogenic bacteria, but also from 
other microorganisms that are able to multiply in the milk or product 
under the prevailing conditions (Ronkilde Poulsen et al., 1995). The 
trend toward extended shelf-life products demands that special atten- 
tion be devoted to the microbial content of air in packaging areas and 
filling areas. Radmore (1986) found that a correlation ( Y  = 0.93) existed 
between the number of airborne organisms present in a packaging 
environment and the number of organisms contaminating the final 
product. He calculated that during a 60s exposure period, 2.2% of the 
organisms in 1 m3 air would be able to contaminate 1 liter of a product 
that is being packed in a container with an opening of 100cm2. The 
microbial count of plastics and plastic-coated cartons is about 
0.1 cfucm-*, provided that no recontamination has taken place after 
manufacture (Kelsey, 1974). 

In aseptic packaging, only one spore originating from the packaging 
material is admissible per 10,000 containers. The surface of 10,000 
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containers (e.g., 1-liter Tetra Brik) equals 800m2. Assuming a level 
of 0.1 organism cm-2, this surface comprises a total of 800,000 organ- 
isms before it is sterilized, of which 24,000 are spores (Cerny, 1976). 
Consequently, sterilization of the packaging material must reduce 
the spore count by at least four decimals (4D reduction). The most 
widespread technique to obtain sterile milk contact surfaces using ther- 
molabile packaging material is by in-line sterilization using 15-35 % 
hydrogen peroxide (H202). In practice, removal of H202 residues 
from the packaging material surface is usually achieved at tempera- 
tures exceeding 100"C, with the result that the 4 D  reduction could 
take place within a few seconds. Wetting agents improve the sporicidal 
effect of H202 (Kelsey, 1974). Ultraviolet and high-energy irradiation 
are other alternatives for the sterilization of packaging materials 
during aseptic filling and packaging (Fliickiger, 1995; Van den Berg, 
1995). 

New developments in the use of high-intensity pulsed light technol- 
ogy to sterilize packaging materials without chemicals provide new pos- 
sibilities in terms of quality, monitoring, and controlling the destruction 
of microorganisms (Harrysson, 1998). The innovative development 
of bioactive packaging material to inhibit pathogens, mycotoxin- 
producing molds, and spoilage organisms is also very promising, 
although further work is necessary to evaluate the performance of 
these materials in food systems (Scannell et al., 1999; Floros et al., 2000; 
Han, 2000). The wrapping of retail quantities of butter and cheese in 
coated paper, aluminum, plastic, and many combinations has changed 
very little in recent years. Nevertheless, the development of new mate- 
rials, laminates, cups, and pots has widened the choice, improved 
hygiene, and provided better protection for various products. 

14.5.3 Methods for the Assessment of Hygiene 

Detailed information on the sampling of packaging material, contain- 
ers and closures is outlined by Grace et al. (1993). Methods for the 
assessment of microorganisms on packaging material must reliably 
detect bacteria, molds, and yeasts. Various methods-that is, the disin- 
tegration test, rinse test, coating technique, membrane filter, and direct 
inoculation techniques-are used for this purpose (Hickey et al., 1993; 
Wainess, 1995b; Tacker and Hametner, 1999). The following methods 
that can be used are described by Hickey et al. (1993): 

Disintegration Method. The disintegration method comprises the 
blending of paper, paperboard, or molded pulp samples in sterile phos- 
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phate dilution water using a disintegrator blender. Ten milliliters of the 
disintegrated suspension (representing 0.1 g of the sample when, e.g., 
3g of packaging material is blended in 300ml of dilution water) is 
equally divided among three Petri dishes and pour-plated with stan- 
dard methods agar or appropriate differential media to determine spe- 
cific microorganisms or groups of organisms. After incubation, the sum 
of the colonies developed on the three plates from 0.1g of sample is 
multiplied by 10, and the result is reported as the number of colonies 
per gram of packaging material. A total count of not more than 2SOcfu 
8-' is usually regarded as acceptable (Wainess, 199%). 

Rinsing Methods. A suitable method for containers is the rinse solu- 
tion test in which a measured volume of a sterile buffer solution or 
nutrient broth is repeatedly flushed over the interior surfaces and the 
bacterial population is determined by plating or membrane filter tech- 
niques (Clesceri et al., 1989). Various amounts of rinsing solution (20, 
SO, or 100ml) are used, depending on the size of the container. Con- 
tainers smaller than 1 liter are, for example, rinsed with 20ml solution, 
whereafter Sml is divided between two Petri dishes and pour-plated 
with standard methods agar.After incubation at 32°C for 48h, the resid- 
ual bacterial count (RBC) per specified container size is calculated by 
multiplying the number of colonies by the volume of the rinse solution 
divided by the volume of the sample plated. For example, if the volume 
of the rinse solution is 20m1, the volume of sample plated is Sml, and 
the number of colonies is 15, the RBC is 

1.5 x (20 + 5 )  = 60 

For coliforms, 10ml of rinse solution is divided among three plates. 
After incubation the coliform count per specified container capacity is 
calculated by multiplying the number of coliform colonies by the 
volume of rinse solution divided by the volume of the sample plated. 
The direct epifluorescent filter technique (DEFT) system could also be 
used to examine rinse water (Pettipher, 1993). 

Screening Method for Retail Milk Containers. Retail milk contain- 
ers can also be evaluated by rinsing the interior surfaces of, for example, 
SO containers thoroughly with 20-ml portions each of nutrient broth. 
The containers with nutrient broth are then incubated at 32°C for 
48h, and the percentage of containers showing growth is calculated 
(Hickey et al., 1993). 
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Membrane Filter Technique. Coliforms, yeasts, molds, proteolytic 
bacteria or other specific microorganisms can also be determined by 
the membrane filter technique using appropriate differential media, 
prescribed temperatures, and incubation temperatures (Clesceri et al., 
1989; Hickey et al., 1993). 

Direct Plating Method. According to Luck and Gavron (1990) 
the surface count of nonabsorbent packing materials based on paper, 
cardboard, plastics, aluminum foil, etc. can also easily be determined 
by the direct surface agar plating method. A specified area of the 
packing material is aseptically placed on the solid agar medium of a 
Petri dish and then overlaid with the same medium. After incubation, 
the colonies on both sides of the material can be counted. The use of 
selective media also allows the counting of coliforms, yeasts, molds, or 
other organisms. 

14.6 SAMPLING OF PRODUCTS FOR 
MICROBIOLOGICAL EVALUATION 

Correct sampling procedures for microbiological analysis require 
careful attention during sampling, storage, and transport of samples 
before analysis. Special precautions to prevent direct contamination by 
microorganisms and subsequent growth of such contaminants have to 
be taken. Sampling should therefore only be undertaken by experi- 
enced persons trained in the appropriate techniques. Emphasis cannot 
be too strongly placed on the necessity of obtaining a representative 
sample, using appropriate aseptic techniques. It is imperative that the 
sample drawn gives a true reflection of the compositional and micro- 
biological quality of the product from which it has been selected. 
Detailed information on the general requirements and technical 
instructions for sampling, sampling equipment, and sampling tech- 
niques, as well as guidance on the storage and transport of milk and 
milk product samples, is described in various national and international 
standards [e.g., IDF (1995a)l and in Standard Methods f o r  the Exami- 
nation of Dairy Products (Grace et al., 1993). Reference methods 
for sampling of milk and milk products are summarized in Table 14.4. 
Sampling equipment for milk collection tankers (IDF, 1990a) and the 
sampling of milk for quality payment schemes (IDF, 2000) are 
described by the International Dairy Federation. 
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14.6.1 Sampling Equipment and Containers 

All sampling equipment and instruments must be clean, sterile, and dry 
prior to use. Sterilization by hot air (170-175°C for at least 2h) or 
steaming (121 & 1°C for at least 20min in an autoclave) is normally 
recommended, although the following alternative methods can also 
be used if these methods are unpractical (IDF, 1995a): 

* Direct exposure of sampler surfaces to a suitable flame 
- Immersion in at least 70% (vh)  ethanol solution 
- Ignition after immersion in 96% (v/v) ethanol 
* Exposure to sufficient gamma-radiation 

After thermal sterilization, the equipment should be allowed to cool 
down before using for sampling. It is essential that the sample con- 
tainers and closures should be clean, sterile, and dry and that they 
should be securely closed to prevent contamination from external 
sources. Any deviations from the prescribed sampling instructions, 
abnormal sampling conditions, or additional information concerning 
the samples to be tested should be noted in the sampling report to 
ensure scientifically sound interpretation of the test results. 

14.6.2 Sampling Techniques 

Samples for microbiological examination are always taken first 
and, whenever possible, from the same product containers as those 
for chemical, physical, and sensory evaluation. Specific sampling 
techniques for milk and milk products are described in various 
standard methods (Grace et al., 1993; IDF, 199Sa). The mixing of 
milk and liquid milk products, for example, can be achieved by pouring 
the milk from one container to another, by using a stirrer (plunger) 
of a suitable design, by mechanical agitation, or, sometimes, by clean, 
filtered compressed air. When air is used, care should be taken to 
avoid foaming of milk because it may cause oxidative lipolysis. The 
milk is usually agitated for Smin when the tank capacity is 500-4000 
liters, for at least 10-15min when the volume is more than 4000 
liters, and for 30-60min in large factory storage tanks (Luck 
and Gavron, 1990). If tanks are equipped with time-programmed 
agitation systems, samples may be taken after agitation for shorter 
periods. 

The collection of a representative sample from large vessels, storage 
tanks, and tankers may present problems. In a large vessel with a 
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bottom discharge outlet, samples should preferably be taken through 
the manhole. If taken from the discharge outlet valve or the sampling 
cock, sufficient milk must be discharged to ensure that the sample is 
representative of the whole. Proportionate sampling is done by taking 
representative quantities from each container and mixing the portions 
in amounts that are proportional to the quantity in the container from 
which they were taken. With raw milk, bulk portions must be split with 
care, and the homogeneity of the samples must regularly be validated. 
A useful method is to determine the butterfat levels because the dis- 
tribution of microorganisms in raw milk closely follows that of the fat 
(Reuter and Quente, 1977). 

Special procedures must be followed for sampling other dairy prod- 
ucts (Grace et al., 1993; IDF, 1995a). The recommended sample sizes 
for various products are shown in Table 14.5. 

In-Line Sampling. Flow lines of modern dairy plants are complex, and 
improper designs may cause recontamination of heat-treated products 
(Dickerson, 1987). A quality control program may include sampling of 
milk at different sites after pasteurization to assess the microbiological 
quality or possible postpasteurization contamination. Samples can be 
withdrawn from different critical points in the processing line using 
modern sampling devices. Various commercially available devices (e.g., 
membranekubber septums for syringe sampling, valves, and cock- 
types) of different designs may be obtained for in-line sampling. In 
general, septa are used, for microbiological sampling and valves for 
chemical sampling. Sampling devices should be hygienically designed 
without dead spaces or difficult-to-clean areas. The seal design should 
not harbor bacteria and should be drainable. Devices that can be 
cleaned or sterilized independently of flow-line (or tank) cleaning are 
ideal for sampling (Anonymous, 1998). Multiple samples from the same 
batch, or taken at specific time intervals, can consequently be obtained 
without the risk of cross-contamination of samples. Great care should 
be taken when sampling unmixed milk, because significant carry-over 
from one sample to the next can invalidate sensitive tests. Stepaniak 
and Abrahamsen (1995) found no effect of the type of seven different 
sampling valves on the total plate count of freshly pasteurized milk or 
on the count of cold-stored samples. However, the sample volume and 
sample storage container influenced the plate count of cold-stored 
samples. 

Automatic Sampling Systems. With automatic sampling it is also 
essential that the sample taken is sterile and representative of the milk 
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or milk product from which the sample is taken. Automatic sampling 
systems should be constructed in such a way that it is guaranteed that 
there are no milk residues left from the previous sample, which might 
lead to carry-over from one sample to the next, leading to erroneous 
results (IDF, 1990a; Luck and Gavron, 1990). With modern automatic 
sterile sampling systems it is, however, possible to automatically clean 
and sterilize the system between samplings. Several samples could also 
be taken simultaneously at various sampling points from pipelines, 
production tanks, and storage tanks. One of the advantages of these 
systems is that sampling valves can be fitted, for example, at normally 
inaccessible sampling points. 

14.6.3 Numerical Selection of Samples 

It is normal practice that the producer and buyer should come to 
an agreement as to what the quality of the product should be. The 
critical major and minor defects (IDF, 1992) should be clearly 
defined before selection of a sampling plan, so that they are unam- 
biguously understood by all users of the contract or specification, 
when referring to the sampling plan. A single test on any individual 
sample may suggest that the product is better or worse than it actually 
is. Therefore, an element of risk is introduced, because only 100% 
sampling will give 100% certainty. In practice, this is not possible, and 
for normal quality control procedures the producer and the buyer 
accept a certain range of error-for example, 5% and lo%,, respectively 
(Luck and Gavron, 1990). When the quality of dairy products is tested, 
the number of units to be sampled from a bulk consignment or batch 
depends on the size of the unit (large containers or small retail units) 
and the purpose of the test (determination of qualitative or quantita- 
tive characteristics). The batch is accepted or rejected according to 
the sampling plan that is based on the batch or lot size and acceptable 
quality levels (e.g., 1-10%0). An acceptable quality level is considered 
to be the average of quality which. if maintained by a provider, 
could result in the acceptance of most of his production (IDF, 1990b). 
Tables are available which show how sample-taking should be carried 
out in order to obtain a statistically reasonable basis for the assessment 
of quality-that is, the number of consumer units that should be 
taken (randomly) from a consignment (batch) of a certain size. 
Sampling plans for milk and milk products are usually based on 
inspection by attributes (IDF, 1990b) or inspection by variables (IDF, 
1992). 
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Attribute Sampling. Attribute sampling is used to qualitatively clas- 
sify whether a unit is “good” or “defective.” A “good” unit is one that 
meets the requirements of a specification, while a “defective” unit is 
one that does not. There are therefore only two answers when check- 
ing for an attribute (characteristic). For example, a UHT product can 
either be sterile or not. 

Inspection by Variables. A variable may be described as a charac- 
teristic that can be measured quantitatively and that may have any 
value within certain limits-for example, total bacterial count, coliform 
count, percentage butter fat, and so on. Inspection by variables should 
not be used for critical defects-for example, one that would make the 
product unacceptable. The large variation in microbiological properties 
necessitates that more units have to be sampled to determine the 
microbiological quality than to determine the chemical quality of a 
batch (Luck and Gavron, 1990). The latter authors suggested the 
following number of samples (per batch) to be taken for routine 
microbiological control purposes. 

- Pasteurized milk and pasteurized milk products: at least 10. 
- Condensed milk, evaporated milk: at least 20. 
- Dried milk, dried milk products: at least 10. 

UHT products: at least 75 packages per product per machine. 

It is also recommended that the number of samples be increased should 
any drop in quality be noted. Samples could also be drawn over a 
period of time (for example, at the start, midway through and at 
the end of production) to identify time-related problems during 
production. 

14.6.4 Storage and Transport of Samples 

The most effective way to stabilize the microbial content of milk and 
perishable milk product samples prior to analysis is by storage 
and transport of the samples in crushed ice (0-4°C). At these 
temperatures, especially between 0°C and 2”C, the microbial numbers 
will remain virtually unchanged for up to 24-36h (Harding, 1995).This 
ideal is sometimes difficult to achieve, especially in less temperate 
countries. To prevent microbiological, physical, or chemical deterio- 
ration of the milk, consideration can be given to the use of chemical 
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preservatives for samples to be tested for compositional quality 
(Heeschen et al., 1969; Luck et al., 1982; Grace et al., 1993; De Wet, 
1998). In many countries, however, the use of preservatives are not 
permitted. 

Samples must reach the laboratory as quickly as possible, preferably 
within 24h. If cooling is necessary, the minimum requirements to be 
met are the temperature ranges that are either legally required or pre- 
scribed by the manufacturer. General guidelines that can be used in 
this regard are also presented in Table 14.5. Thermally insulated con- 
tainers are used for the storage of cooled, frozen and quick-frozen 
samples to the laboratory. Crushed ice, pre-frozen icepacks, or dry ice 
(solid C02)  may be used as refrigerant agents (IDF, 199%). For most 
analyses, however, freezing should be avoided because it can cause 
disruption of bacterial cells. 

14.6.5 Preparation of Samples for Microbiological Testing 

The preparation of samples, prior to microbiological examination, is 
just as important as taking representative samples. The correct standard 
procedures-for example, those prescribed by IDF (1996a)-should 
consequently be followed carefully. The precise procedure for the 
preparation of the test portion varies with the nature of the product. 
All samples should be thoroughly mixed by shaking and inverting, 
using a rotary blender, a peristaltic blender (stomacher), or glass beads, 
depending on the type of product. Only specified diluents for general 
or special purposes are used for primary and further decimal dilutions. 
Damaging of microorganisms by sudden changes in temperature 
should be avoided, for example, when transferring a portion of the test 
sample to a diluent. The normal aseptic precautions during weighing 
and mixing of test portions, or transferring suspensions, should always 
be taken. 

A myriad of microbiological tests are described in the literature that 
can be used in the dairy industry to assess the quality of milk and milk 
products. The selection of a method for a specific test should be care- 
fully considered, and aspects such as the purpose of analysis and the 
required sensitivity of the method will, for example, determine which 
method is to be used. It is, however, recommended that officially 
prescribed or generally recognized procedures such as those of the 
IDF/ISO/AOAC or other standard procedures-for example, those 
recommended by the APHA (Marshall, 1993)-be used. Reference 
methods for determining the microbiological quality of various dairy 
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products are given in Table 14.6. These and other methods will be dealt 
with in more detail in the ensuing sections. 

14.7 
MICROBIAL CONTENT OF MILK AND MILK PRODUCTS 

PROCEDURES FOR THE DIRECT ASSESSMENT OF THE 

The procedures described in this section are referred to as “direct” 
methods on the basis that they are able to give an estimate of the micro- 
bial numbers in the food product by counting the cells directly or the 
colonies developing from viable cells on a nutrient medium. 

14.7.1 Cell Counting Procedures 

14.7.1.1 The Breed Microscopic Count. The Breed smear or 
direct microscopic count (DMC) was developed as a rapid method 
for counting bacterial cells in milk, and the procedure is outlined in 
Standard Methods for the Examination of Dairy Products (Packard 
et al., 1993). This method suffers from major disadvantages: 

- The staining method does not distinguish between dead and viable 

* The small sample volume renders the technique insensitive and 

- For most microscopes a single organism per field represents 3-6 x 

cells. 

subject to considerable error. 

105 organisms ml-’ of milk. 

Because of this detection limit the DMC is unsuitable as a quality test 
for dairying nations that have milk quality standards of less than 
100,000 per milliliter (Hill, 1991a). The DMC is therefore mainly of his- 
torical interest. Nevertheless, the technique may be of some use as a 
diagnostic tool where rapid screening of milk supplies with high bac- 
terial counts is required. It has a further advantage that a skilled opera- 
tor can recognize the morphological characteristics of the bacterial cells 
and infer whether the contamination has arisen from improperly 
cleansed utensils, dirty cows, aged or stale milk, or an udder infection. 

14.7.1.2 The Direct Epifluorescent Filter Technique (DEFT). The 
direct epifluorescent filter technique is a modern approach to the direct 
microscope count (Hill, 1991b). With this technique the milk is first 
pretreated with a proteolytic enzyme and a surfactant which lyses the 
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somatic cells and modifies fat globules sufficiently to filter the sample 
through a 0.6-pm pore size polycarbonate filter. The filtration concen- 
trates bacteria on the surface, after which they are stained with acri- 
dine orange.The mounted filter is examined through an epifluorescence 
microscope. Metabolically active bacteria fluoresce orange-red, while 
inactive bacteria fluoresce green. 

The clumps of orange-red fluorescing bacteria are counted in 
the field of view, and a DEFT count ml-’ of the milk sample is 
calculated over several fields. The technique has the advantage over 
the DMC that viable cells can be distinguished from inactive ones. 
The detection limit is also enhanced by filter concentration of the 
bacterial cells to a level that is useful for assessing the quality of milk 
produced by modern dairy industries. In line with the DMC a “same- 
day” result makes it possible to give producers rapid feedback of 
information. 

Disadvantages of the method include the number of samples that 
can be examined because the DEFT is a microscopic count. A semi- 
automated system for slide examination overcomes this problem, but 
the sample preparation is also a limitation (Hill, 1991b). Another draw- 
back is that the DEFT cannot be applied to heat-treated products due 
to some nonviable bacteria in such products fluorescing orange (Kroll, 
1989). 

14.7.1.3 Automatic Fluorescent Microscopic Count of Bacteria 
(Bactoscan 8000). Both the DEFT and the Bactoscan 8000 method 
belong to the group of direct microscopic counting methods (Suhren, 
1989). In both methods, samples are pretreated with lysing and pro- 
teolytic reagents. Where separation and concentration with the DEFT 
technique is achieved by membrane filtration, gradient centrifugation 
is used in the Bactoscan method. In the latter method, cells are 
also stained with the fluorochrome acridine orange but are counted 
electronically as light impulses of single bacteria. 

The Bactoscan technique has been found (Suhren et al., 1991) to be 
an acceptable alternative to the standard plate count in that it can, 
depending on the mode of estimation, reliably analyze milk samples 
with a colony-forming unit content of 40,000 to 80,000cfuml~’. 

The main advantages of the Bactoscan 8000 method is its speed (80 
sampledhour) and the rapid availability of the results (approximately 
15min). Samples can also be preserved (Suhren et al., 1991) for not 
more than 7 days by addition of chemicals such as boric acid or sodium 
azide. A possible disadvantage is the fact that the statistical relation- 
ship between the standard plate count and Bactoscan values at lower 
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plate counts (e.g., <10,00Ocfuml-’) are less consistent than at higher cfu 
levels. 

14.7.1.4 Flow Cyfomefry (Bacfoscan FC). Flow cytometry is the 
science of measuring components (cells) and the properties of individ- 
ual cells in liquid suspension. In essence, suspended cells are brought 
to a detector by means of a flow channel (Jay, 1992), Flow cytometric 
analysis of bacteria usually requires staining of the cells with fluores- 
cent dyes binding to specific cell constituents in order to distinguish 
cells from other particulate matter (Suhren and Walte, 1998). In the 
Bactoscan FC technique the DNA/RNA of the bacteria is stained with 
the fluorescent dye ethidium bromide, and “disturbing” milk con- 
stituents are reduced/dispersed by buffers, detergents, and enzymes 
during sample preparation. Fluorescence is excited by laser [usually an 
argon ion laser (Suhren and Walte, 1998)l.The light emitted is detected 
when the stained particles pass in a hydrodynamically focused stream 
by a fluorescence detector and are indicated as Bactoscan counts (BC- 
FC). With respect to sample preparation, staining, and measuring, the 
Bactoscan-FC method differs principally from the Bactoscan 8000 (BC 
8000) procedure. The accuracy of the estimation by which the SPC 
ml-’ can be estimated from the results of the routine method was 
slightly superior for BC-FC over BC-8000 and is improved when not 
single results but the average of two samples of dairy farm milk taken 
at different times is considered (Suhren and Walte, 1998). 

Advantages of this method are similar to those of the BC-8000. 
Disadvantages are the cost of the equipment and the fact that somatic 
cell counts exceeding 1 million ml-’ might influence the counts. 

14.7.2 Electronic Counting of Microcolonies 

In this method (Suhren and Heeschen, 1991a) the milk to be tested is 
mixed with a liquid nutrient gelatin solution to give a milk dilution of 
1 : 500. The mixture is pipetted into tubes (+3-cm depth) and overlayed 
with 1 ml of the nutrient gelatin. The mixture is allowed to solidify and 
incubated at 20 IfI 1 h at 21°C. The developed colonies in the medium 
are fixed by overlaying the medium with a 2ml formaldehyde- 
hydrochloric acid mixture or, alternatively, glutaraldehyde/hydrochlo- 
ric acid or potassium dichromate. This step is followed by liquefaction 
of the medium in a waterbath at 35°C for 30min. A volume of 7ml of 
electrolyte (sodium chloride and formaldehyde) is added and the 
mixture is stirred gently. The microcolonies are then counted using a 
Coulter counter.The counter is adjusted to count all particles >600pm3. 
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Calibration is done using 20.5-pm3-diameter latex particles or by com- 
paring the electronic and direct microscopic count of the microcolonies 
(Suhren and Heeschen, 1991a). 

Milk samples can be preserved before testing by adding a mixture 
of orthoboric and sorbic acid (final concentrations 0.6% m/v and 
0.009% m/v, respectively) for 24h at 5-20°C and for a further 24h at 
refrigeration temperature. 

The correlation coefficient between the microcolony count and the 
standard plate count (SPC) was Y = 0.85, and 100,000 microcolonies 
mlP corresponded to a SPC of 170,000cfuml-’. 

Advantages of this method are that the counts are available within 
24 h and the electronic counter also speeds up the counting procedure. 
A disadvantage is the fact that the growth of aerobic bacteria such as 
Psezdomoizas is suppressed in the tubed medium compared to facul- 
tative anaerobes (Suhren and Heeschen, 1991a). This might lead to 
the microcolony method underestimating counts of samples in which 
pseudomonads predominate. 

14.7.3 Macrocolony Count Procedures 

14.7.3.1 “Total” Counts 

14.7.3.1.1 Conventional Standard Plate Count. Most standards and 
regulations refer to macrocolony counts determined by a reference or 
official method (Suhren, 1989). The problematic nature of this para- 
meter will continue to be debated. Sharpe as quoted by Suhren (1989) 
has stated that: “the plate count is a totally unique datum; nothing in 
the physical, chemical, biochemical or immunological world corre- 
sponds to it and no test based on these properties can ever correlate 
with it reliably.” Nevertheless, the macrocolony count remains the inter- 
nationally accepted standard. 

In the standard plate count method, those microorganisms that are 
able to produce colony-forming units in a specific growth medium are 
enumerated after decimal dilutions of the sample have been plated and 
incubated aerobically at 30°C f 1°C for 72 f 2h (Webber et al., 2000) 
or at 30-32°C for 48 h (Houghtby et al., 1993). Bacterial colonies that 
grow on the surface and in the various depths of the solid growth 
medium are counted, and calculations are done according to the speci- 
fied procedures to determine the number of colony-forming units 
(cfu’s) per milliliter of the original samples (Brazis, 1991). 

The method described in IDF (1991a) is recommended for a wide 
range of dairy products such as milk, liquid and dried milk products, 
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lactose, caseins, caseinates, processed cheese, butter, frozen milk 
products, custard, desserts, and cream. Plate count standards have 
been developed with a view to ensuring satisfactory production hygiene 
and to ensure that the product is safe (Brazis, 1991). This method has 
also been used as a valuable adjunct to guide sanitarians in correcting 
sanitation failures and in improving the bacteriological quality of 
milk. A few disadvantages of the standard plate count include the 
following: 

1. The long incubation time, often yielding counts after the product 
has been processed. 

2. Inherent limitations brought on by a specific culture medium, 
the aerobic incubation conditions, and temperature of 
incubation. 

3. The fact that both viable single cells and clumps of cells are 
counted as single colony-forming units. 

74.7.3.7.2 Surface Count Technique. Attempts to speed up the stan- 
dard plate count or decrease the amount of agar medium or number 
of plates and dilutions have resulted in a range of modifications. One 
of these modifications is the surface count technique (Luck and 
Gavron, 1990). Surface counts result in more rapid development of 
colonies, and these can be counted after 24h. In producing such 
colonies, the spread or drop method can be applied. In the spread 
method, O.lml of the 10-fold dilutions are transferred to and spread 
over the dry surface of a solid agar medium. After incubation, count- 
able plates, selected according to the usual procedures, are counted. 
Advantages of this method are as follows: 

1. Plates of media can be prepared and dried beforehand. 
2. All colonies are on the surface and easily visible. 
3. Aerobic colonies develop more rapidly. 

Disadvantages are as follows: 

1. Only 0.1 ml of dilution can be plated per conventional Petri dish. 
2. Undetected contaminant colonies occurring on the prepared 

plate are spread over the entire plate during the spreading pro- 
cedure, resulting in a film of growth that masks the development 
of colonies to be counted. 

3. The spreading technique itself is time-consuming. 
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74.7.3.7.3 Plate Loop Technique. The plate loop technique (Hill, 
1991c) substantially decreases the time it takes to process a milk sample 
(from the sample bottle to the Petri dish). Because of reduced media 
requirements and the elimination of the necessity for serial dilutions, a 
single operator can process a greatly increased number of samples com- 
pared with the reference method. Disadvantages of this method are as 
follows: 

1. The test result is still governed by the incubation time (e.g., 72h 

2. Several features of the technique itself influence the precision and 
at 30°C), 

accuracy of the final count obtained. 

These factors relate to the loop itself, the manner in which the loop 
is used by the operator, and the characteristics of the milk under analy- 
sis (Hill, 1991~). 

14.7.3.7.4 Roll Tube Method. The roll tube method (Slaghuis, 1991) 
has been developed to save labor and money and is in fact a mecha- 
nization of the plate count method. The principle of the method entails 
transferring a fixed volume of the milk dilution into a thin-walled glass 
“roll tube” in which the pre-sterilized, melted medium is contained. The 
tube is sealed by means of a special rubber stopper, and the tube is 
placed in a horizontal position on an apparatus that spins the tube on 
its horizontal axis while cold water is sprayed onto the external surface 
of the tube. The medium solidifies and adheres to the inside surface of 
the tube. After incubation for 3 days at 30°C, the colonies are counted 
and the cfuml-’ count is determined as usual. 

A modification of this method in which the loop method and the roll- 
tube method is combined has been applied in the Netherlands in the 
quality payment scheme of that country (Slaghuis, 1991). The results of 
the roll tube method have been found to be virtually identical to those 
of the standard plate count (Slaghuis, 1991). Limitations of the roll tube 
method are: 

1. Similar to those related to colony count methods in general. 
2. Those attributable to the roll tube method itself, namely a higher 

agar concentration necessary to attach the thin layer of medium 
to the wall; the fact that water does not evaporate in the sealed 
tube as compared to a Petri dish, which results in occasional 
surface spreaders; and no replenishment of oxygen as compared 
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to the Petri dish method. This may result in strict aerobes not 
developing as well in the roll tube (Slaghuis, 1991). 

74.7.3.7.5 Spiral Plate Count. The spiral plate count method 
(Harding, 1995) is another version of the SPC in which a spiral plating 
instrument inoculates the surface of a prepared agar plate in such a way 
that between 500 and S00,000cfuml-’ of sample can be counted. The 
instrument deposits a decreasing amount of milk on the surface of the 
agar plate by means of an Archimedean spiral, such that the volume of 
the sample deposited on any portion of the plate is known. Colonies 
on a portion of the plate are counted using a special grid that associ- 
ates a calibrated volume with each area. An advantage of this method 
is that it removes the need for multiple dilutions necessary in the SPC 
techniques. In collaborative studies (Jay, 1992) on milk sample testing, 
the spiral count compared favorably with the SPC. Spiral plating is an 
official Association of Official Analytical Chemists method (AOAC, 
1990). Other advantages of the method are that less agar is used as well 
as fewer plates, dilution blanks, and pipettes. Three to four times more 
samples per hour can be examined, compared to the conventional 
method (Jay, 1992). 

A disadvantage of the method is the expense of the device, and it is 
not likely to be available in laboratories that do not analyze large 
numbers of plates; it is also more suited to liquid food such as milk, 
because more particulate foods can lead to blockage of the dispensing 
stylus (Jay, 1992). 

74.7.3.7.6 Dry Rehydratable Film Technique. The dry rehydratable 
film consists of two plastic films attached on one side and coated with 
culture medium ingredients and a cold water-soluble jelling agent. The 
film was developed by the 3M Company and designated Petrifilm 
[McAllister et al. (1984) as quoted by Jay (1992)l. 

In applying the film, 1ml of diluent is placed in the shallow 6-cm- 
diameter well and is sandwiched in the nutrient area by pressing the 
two plastic sheets together. Following incubation the microcolonies 
appear red on the nonselective film due to the presence of a tetrazolium 
dye in the nutrient phase (Jay, 1992). Petrifilm test methods are avail- 
able for the aerobic (“total”) plate count, the coliform count, and the 
Escherichia coli count. 

Use of this method to date indicates that it is an acceptable alterna- 
tive to the conventional plate count methods (Ginn et al., 1984) and 
has been approved by the AOAC, the ISO, and the International Dairy 
Federation (IDF, 1996b). 
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14.7.3.1.7 Hydrophobic Grid Membrane Technique. The hydropho- 
bic grid membrane filter (HGMF) combines desirable features of the 
conventional plate count methods, the principles of membrane filtra- 
tion, and most probable number (MPN) counts and offers additional 
benefits (Sharpe, 1989). 

“Conventional” membrane filtration became the main tool for ana- 
lytical water microbiology after World War 11. Its success was due not 
only to its permeability to nutrients, its chemical stability, and, to a mod- 
erate extent at least, its ability to keep developing colonies separate, 
but to the improved limits of detection it allowed by concentrating the 
bacteria in a liquid (Sharpe, 1989). 

The HGMF is a square membrane filter (60 x 60mm, pore size 
0.45pm) printed on one side with a black hydrophobic (“waxy”) grid 
outlining 1600 (40 x 40) small squares. Its unique properties result 
from the confining of colony growth to the grid cells in which the indivi- 
dual cell/cell clump was captured originally. The typical appearance 
after incubation is of a grid bearing “square” colonies distributed among 
the 1600 available locations (Sharpe, 1989). The additional advan- 
tages offered by HGMF include the following: 

1. An automated counter and a variety of filtration equipment and 
items supplied by two Canadian companies. 

2. With agar plates and ordinary membrane filters, colony overlaps 
at high cfu densities limit the numerical range necessitating 
sequential dilutions. The HGMF counts, however, follow a most 
probable number mathematical principle (Sharpe, 1989) where 
each grid cell can be linked to one tube in an MPN count done 
at a single dilution, thus 

(1600-X) 
x MPNGU = 1600 log 

where X is the number of positive grid cells and MPNGU is the 
most probable number of growth units filtered onto the HGMF. 
There is therefore no need to prepare serial dilutions of the sample. 

3. Plating of duplicate HGMFs is unnecessary because the precision 
is better than the plate count, 

4. The HGMF regiments colonies into arrays that electronics can 
deal with more easily. 

5. HGMF-based analyses are available for all the common food- 
borne organisms and many of the HGMF techniques (e.g., aerobic 
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plate count, coliforms, fecal coliforms, E. coli, E. coli 0157, and 
Salmonella enjoy AOAC official action (Sharpe, 1989). 

HGMFs do have some disadvantages (Sharpe, 1989): 

1. Each grid (ISO-GRID HGMF) is relatively expensive. 
2. An automated colony counter is recommended if large numbers 

of HGMFs are to be counted, which also brings in a cost factor. 
3. For some food suspensions, filterability needs to be improved by 

means of enzyme digestion. 

14.7.3.2 Contaminating Organisms. The so-called “contaminating 
organisms” count is a version of the standard plate count. It differs 
from the conventional SPC technique in that the culture medium is 
carbohydrate-free. Lactic acid starter organisms requiring this carbon 
source are consequently not able to develop in the medium or at best 
are only capable of developing pinpoint colonies. The rationale is that 
non-lactic acid organisms (e.g., Gram-negative spoilage organisms) can 
be selectively detected in products such as butter, fermented milks, and 
fresh cheese in which beneficial (flavor- or acid-producing) organisms 
such as viable lactic acid starter bacteria may be present. 

This method was developed by a joint IDF/ISO/AOAC group of 
experts and has been published as an international standard (IDF, 
1991b). The medium consists of peptone from casein, peptone from 
gelatin, sodium chloride, agar, and water, and all medium components 
are carbohydrate-free. The incubation temperaturehime is 30°C for 
72 h. Pinpoint colonies do not represent typical “contaminants” 
and should not be counted. All other colonies should be counted. 
The results are reported as “contaminating microorganisms per gram 
of product.” 

Advantages of the method include the detection of nonstarter con- 
taminants in fermented milk products. Disadvantages are that pinpoint 
colonies may erroneously be counted as contaminants. 

14.7.3.3 Psychrotrophic Bacteria. Ps y chr o t rop hic bacteria are 
those bacteria able to grow at 7°C or less regardless of their optimal 
growth temperature (Frank et al., 1993). Psychrotrophic bacteria com- 
monly isolated from dairy products belong to a variety of Gram- 
negative and Gram-positive genera. The most detrimental of these are 
the oxidative Gram-negative rods belonging to the genus Pseudomonas. 
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This is also the psychrotroph genus most commonly isolated from milk 
(Frank et al., 1993). In raw milk, high counts of this group of bacteria 
are related to unsanitary conditions during production and to tempera- 
ture abuse during storage before pasteurisation. These organisms 
are inactivated by pasteurization, and their presence in pasteurized 
milk indicates either improper pasteurization or postpasteurization 
contamination. In pasteurized milk these organisms severely limit the 
shelf life of the milk.They also produce proteases and lipases that, when 
produced in the raw milk, can survive heat treatment and cause sensory 
and textural defects in the processed dairy product (Frank et al., 1993). 

Reference methods for counting psychrotrophic bacteria in milk 
include the 7°C 10-day incubation period of the American Public 
Health Association standard method (Frank et al., 1993) and the IDF 
international standard (TDF, 1991~) (6.S"C for 10 days). The culture 
media and plating procedures are as for the standard plate count. 

The reference methods are of limited use in practice because of the 
1 0-day incubation period they require. Consequently, more rapid 
methods have been developed. One set of methods is based on using 
higher temperatures of incubation such as 21°C for 2Sh (Griffiths 
et al., 1980) or 18°C for 4Sh (Oehlrich and McKellar, 1983). Luck 
et al. (1984) found that no significant differences existed between the 
standard psychrotrophic counts and the 21°C/25-h counts when poor- 
quality raw milk that contained a high percentage of psychrotrophs was 
tested. Significant differences did, however, exist in good-quality raw 
milk that contained relatively low numbers of psychrotrophs. They are 
of the opinion that the 21°C/25-h regime can be recommended as a 
method by which an estimate of the psychrotrophic population can be 
obtained. This method has been approved as an International Dairy 
Federation Standard (IDF, 198.5). 

Oehlrich and McKellar (1983), who proposed an 18"C/4S-h temper- 
ature-time combination, found that this method led to a more uniform 
and visible colony size than was the case at 21 "C for 25 h. With the  latter 
method the majority of colonies were found to be pinpoint colonies. 
The 18'C/4S-h method was also found by Fischer et al. (1986) to 
be well-correlated with the reference method (v = 0.911), and the 
percentage distribution of bacterial types in the 18"C/4S-h method 
corresponded very well with those in the reference method. 

Media that are selective for Gram-negative bacteria have also 
been used for estimating the psychrotrophic population. An SPC 
medium containing crystal violet and tetrazolium is recommended by 
the American Public Health Association (Frank et al., 1993) with an 
incubation time and temperature of 48 h and 21 "C, respectively. Red 
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colonies are counted on this medium. Fischer et al. (1986) found that a 
count made on SPC medium containing alkyldimethyl benzyl ammo- 
nium chloride (“Merquat”) and incubated at 18°C for 45 h was well- 
correlated with the psychrotrophic count reference method ( Y  = 0.920). 
Luck and Gavron (1990) are of the opinion that differences in counts 
between the reference method and the methods in which inhibitory 
substances are added to the media to selectively suppress the growth 
of Gram-positive organisms are often rather great. 

The counting of oxidase positive colonies at elevated temperatures 
has also been proposed as a rapid test to determine the presence of 
potential psychrotrophs. This test is based on the ability of certain bac- 
teria, which contain a strong cytochrome C oxidase system, to oxidize 
chemicals and to form dyes (Luck and Gavron, 1990). For estimating 
the psychrotrophic count, the oxidase-positive count at 27°C or 32°C 
(Y = 0.59 and 0.57, respectively) showed no advantage over the SPC 
method ( Y  = 0.61 and 0.61, respectively; Luck et al., 1971). 

14.7.3.4 Proteolytic and Lipolytic Bacteria. Many bacteria 
responsible for spoilage of refrigerated dairy products are highly 
proteolytic and/or lipolytic and can cause flavor defects. Proteolytic 
enzymes produced by psychrotrophic bacteria during growth in milk 
often remain active after HTST and even UHT heat treatment and 
reduce the quality of stored, heat-treated products. Two methods for 
the detection or enumeration of proteolytic bacteria are recommended 
by the American Public Health Association (Frank et al., 1993). 

The first method entails using standard plate count medium with 
10% added skim milk. Plates are incubated at 32°C for 48-72h. After 
incubation, plates are flooded with 1% hydrochloric acid and are left 
for 1min before decanting the excess acid and counting the colonies 
surrounded by clear zones. A disadvantage of this method is that acid- 
producing bacteria can produce false-positive reactions on this agar. 
In the author’s opinion a better counting procedure is the standard 
methods caseinate agar method. This method is based on the addition 
to standard methods agar of sodium caseinate dissolved in a citrate 
solution (Frank et al., 1993). After sterilization and cooling of the 
medium to 4 5 T ,  a sterile calcium chloride solution is added to the 
molten agar and mixed immediately. Dilutions of the milk sample are 
surface-plated and spread on the solidified and pre-dried plates of 
caseinate agar and incubated at 32°C for 48-72 h. Colonies surrounded 
by a white or off-white zone of casein precipitate are proteolytic. Highly 
proteolytic colonies will also produce a clear inner zone with an outer 
opaque precipitate zone. 
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Disadvantages of this method are that only uncrowded plates (fewer 
than 80 colonies per plate: Frank et al., 1993) can be read accurately. 
Calcium chloride added at too high a concentration or temperature 
results in turbid plates, rendering the plates useless. The caseinate plates 
must be completely clear after solidification. 

Growth of lipase-producing microorganisms can contribute to fla- 
vor defects in milk and high-fat dairy products. Some of the free fatty 
acids released by the action of lipolytic enzymes have a low flavor 
threshold and can impart a rancid flavor at low concentrations. The 
less volatile fatty acids are more susceptible to oxidation following 
hydrolysis, which leads to oxidative flavor defects (Frank et al., 1993). 
Heat-stable bacterial lipases are of particular concern because they 
affect products stored for long periods such as cheese, butter, and UHT 
products. 

Several different methods are available for the enumeration of 
lipolytic microorganisms. The growth medium recommended by the 
American Public Health Association is preferred over the Victoria blue 
butter-fat agar (Luck and Gavron, 1990) because of difficulties in 
preparing the latter medium and problems in interpreting the reaction 
(Shelley et al., 1987). 

The method described by Frank et al. (1993) employs spirit blue agar. 
This medium is commercially available; and after cooling the melted 
sterile agar, 3% v/v of lipase reagent (containing tributyrin as a sub- 
strate) is added to the medium and thoroughly mixed to emulsify the 
reagent uniformly in the agar. 

The prepared and dried plates are surface-inoculated with 0.1 ml of 
the milk sample dilutions and incubated at 32°C for 48h. For psy- 
chrotrophic lipolytic organisms, plates are incubated at 21°C for 72 h. 
The complete medium is light blue and translucent when prepared 
as above. Colonies of lipolytic microorganisms develop a clear zone 
and/or a deep blue color around or underneath each colony. 

14.7.3.5 Thermoduric Bacteria and Sporeformers. In the dairy 
industry the term thermoduric bacteria refers to microorganisms that 
survive pasteurization but do not grow at pasteurization temperatures 
(Frank et al., 1993). Thermoduric bacteria isolated from milk usually 
include spore-formers such as Bacillus and Clostridium and also non- 
spore-forming cocci (e.g., Micrococcus spp. and Streptococcus spp.) and 
rods such as Microbacterium and other members of the coryneform 
group (Thomas et al., 1967). 
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Primary sources of contamination of milk by thermoduric micro- 
organisms are poorly cleaned and sanitized udders, utensils, and equip- 
ment. Because high thermoduric counts are consistently associated 
with unhygienic production practices, the thermoduric or laboratory 
pasteurization count is used to indicate the thoroughness of equipment 
sanitation and to detect milk supplies that can be responsible for high- 
count pasteurized milk products (Frank et al., 1993). The laboratory 
pasteurization count (LPC) is performed by heating a 5-ml sample of 
milk to 623°C for 30min. Plating and incubation of plates are the same 
as for the conventional standard plate count method (Frank et al., 
1993). The LPC simulates low-temperature long-time (LTLT) pasteur- 
ization. For enumeration of these bacteria according to the HTST 
(high-temperature short-time) method of pasteurization, a standardi- 
zed loopful of milk sample is mixed with lOml of melted plate count 
agar at 74°C in a water bath. After exactly 15s, the medium is poured 
into a Petri dish. The solidified plates are incubated at 30-32°C for 
48-72 h (Luck and Gavron, 1990). The above thermoduric count tech- 
niques (LPC and the HTST methods) yield counts that are significantly 
different (Luck and Gavron, 1990). 

The spore-forming component of the thermoduric population can be 
more selectively counted by applying higher temperature treatments 
of the milk sample. Various temperature-time intervals have been 
recommended-for example, 80°C for lOmin, 85°C for 10-15 min, and 
100°C for 12min. According to Luck and Gavron (1990), a combina- 
tion of 80°C for 10min is not sufficient to kill all vegetative bacteria in 
milk, and hence a treatment of 85°C for 10min is recommended. After 
this treatment the milk sample is immediately cooled to 10°C and the 
SPC dilution and plating technique is applied with incubation of the 
plates at 30°C for 72h. 

When spores of anaerobic bacteria are to be counted, a broth of rein- 
forced clostridial medium, plus a “seal” of 2% sterile water agar con- 
taining 0.5 g liter-’ sodium thioglycolate, is recommended (Luck and 
Gavron, 1990). Because of the low numbers of anaerobic spores usually 
found in dairy products, the most probable number method should be 
applied. The inoculated and sealed (25-mm-thick seal) tubes are incu- 
bated at 30°C for 14 days. The tubes are examined on a daily basis, and 
those showing evidence of gas production are positive. For enumerat- 
ing hydrogen sulfide-producing clostridia, differential reinforced clo- 
stridial medium is used (Luck and Gavron, 1990). Tubes that show 
blackening of their contents are positive and can be used to isolate and 
further characterise the clostridia. 
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14.7.3.6 Thermophilic Organisms. In the dairy industry, the term 
thermophilic bacteria refers to organisms that grow in milk or milk 
products held at elevated temperatures (55°C or higher), which include 
LTLT pasteurization conditions. Thermophilic bacteria may also 
accumulate in certain areas of HTST pasteurizers that have been in 
continuous operation for extended periods (Frank et al., 1993). 

Thermophilic bacteria are usually species of Bacillus, which enter 
into milk from various sources on the farm or from poorly cleansed 
equipment in the processing plant. These bacteria rapidly increase in 
numbers when present in milk or dairy products that are held at high 
temperatures for long periods. 

To enumerate these organisms in milk and milk products, prepare 
dilutions the same as for the standard plate count, but use 15-18ml of 
agar medium per plate. Incubate the inverted plates for 48 h at 55°C 
and maintain humidity during incubation to prevent drying of agar 
medium. Report the colony count as “thermophilic bacterial count 
per milliliter” or “per gram” (TBC ml-’ or g-’). 

14.7.3.7 Enterococci. The Enterococcus count is more reliable than 
the coliform count as an index of the sanitary quality of cultured butter 
[Blankenagel et al. (1967) and Saraswat et al. (1965) as quoted by Frank 
et al. (1993)l.This is because enterococci are better able than coliforms 
to survive in the unfavorable microenvironment of the butter. In addi- 
tion, the Enterococcus count may be a more reliable indicator of the 
sanitary quality of yogurt than the coliform count because coliforms 
are inactivated in the low-pH environment whereas enterococci are not 
[Jordano Salinas (1984) as quoted by Frank et al. (1993)l. 

Citrate azide agar has been recommended by the American Public 
Health Association (Frank et al., 1993) for enumerating enterococci in 
dairy products. Petri dishes are inoculated and poured using citrate 
azide agar in the usual way. After the medium has solidified, a thin (3-4 
ml) overlay of the same medium is poured onto the surface and tilted 
to allow the overlay to cover the surface of the solidified agar com- 
pletely. The plates are incubated at 37°C for 48-72 h and only the blue 
colonies are counted. A white sheet of paper placed under the Petri 
dish on the illuminated colony counter enhances the contrast between 
the colonies and the background (Frank et al., 1993). An Enterococcus 
count of fewer than 10 colonies per gram of butter is not considered 
too stringent for a well-managed butter manufacturing plant [Saraswat 
et al. (1965) as quoted by Frank et al. (1993)l. 
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14.8 PROCEDURES FOR THE INDIRECT ASSESSMENT OF 
THE MICROBIAL CONTENT OF MILK AND MILK PRODUCTS 

14.8.1 Most Probable Number Method 

The MPN method makes use of a statistical technique to detect low 
counts of bacteria in dairy products (Luck and Gavron, 1990). Liquid 
media are usually employed, with the nature of the medium depend- 
ing on the nature of the microorganisms to be counted. Three sels of 
three or five tubes, each containing the sterile medium, are prepared 
and inoculated from each of three consecutive 10-fold dilutions. Tubes 
showing bacterial growth after incubation are positive. From the 
number of positive tubes in each set of three or five tubes, the most 
probable number of bacteria per unit of sample is read off from 
McCrady’s tables (McCrady, 1918). When more than three dilutions 
(more than three sets of tubes) are made, only the results from any 
three consecutive dilutions are significant. The highest dilution that 
gives positive results in all tubes, along with the next two succeeding 
(higher) dilutions, should be chosen. When the mass or volume of 
sample in the first dilution is 10 or 100 times less than the mass or 
volume listed in McCrady’s tables, then the count tabled must be 
multiplied by 10 and 100, respectively (Luck and Gavron, 1990). 

This method of analysis has gained popularity. According to Jay 
(1992) the advantages that it offers are the following: 

1. It is relatively simple. 
2. Results from one laboratory are more likely than SPC results to 

3. Specific groups of organisms can be determined by use of appro- 

4. It is the method of choice for determining fecal coliform densities. 

agree with those from another laboratory. 

priate selective and differential media. 

Among the drawbacks to its use is the large volume of glassware 
required (especially for the five-tube method), the lack of opportunity 
to observe the colonial morphology of the organisms, and the method’s 
lack of precision (Jay, 1992). 

14.8.2 Methods Based on the Metabolic Activity of 
the Microorganisms 

74.8.2.7 Dye Reduction. The principle of these tests is to add 
oxidation-reduction-sensitive dyes, such as methylene blue, resazurin, 
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or triphenyltetrazolium chloride, to milk or liquid dairy products and 
to measure the color change after incubation.The color change is based 
on the dehydrogenase activity of the bacteria present. Dehydrogenases 
(i.e., mainly flavine enzymes) transfer hydrogen from a substrate to 
biological acceptors or to the dyes added. The period of time needed 
to change or to decolorise the dye is an index of the bacterial load of 
the product (Luck and Gavron, 1990). 

Dye reduction tests are, however, of little value as an index of the 
bacterial count of refrigerated milk, because this relationship is poorly 
correlated [Y = 0.36 to -0.62 (Luck et al., 1970a; Luck, 1972)l.The reason 
is that most of the bacteria in refrigerated milk are in a dormant state. 
Furthermore, a relatively large proportion of the bacteria present are 
psychrotrophs. These microorganisms have, compared to lactic acid 
bacteria, a low dehydrogenase activity, a characteristic that contributes 
to the low correlation between bacterial count and methylene blue 
reduction time or resazurin disc reading. In order to achieve the same 
reliability of, say the methylene blue test for nonrefrigerated milk, 
approximately twice as many samples of refrigerated milk have to be 
tested (Luck and Andrew, 197.5). Preincubation (13-18°C for 16-24h) 
has been shown to be unsuccessful in improving the relationship be- 
tween bacterial count before incubation and the results of a meta- 
bolic activity test after preincubation (Luck and Gavron, 1990). 

Advantages of the dye reduction tests are that the results are avail- 
able within a few hours and that the test can be carried out in a small 
laboratory without expensive equipment (Luck, 1991a). Reduction 
tests are. therefore, suitable to improve the bacteriological quality of 
milk in developing countries. 

Disadvantages of dye reduction tests are that they are of very little 
value for the estimation of the plate count of cold-stored milk, espe- 
cially when the “total” bacterial count is below 100,00Oml-’, no matter 
whether the samples are or are not preincubated before testing (Luck, 
1991a). The tests are also imprecise, because some bacteria have a high 
rate of reduction whereas others have a low rate. Furthermore, somatic 
cells are also capable of reducing the dyes (Harding, 199.5). 

14.8.2.2 Nitrate Reduction. The nitrate reduction test (NRT) 
makes use of the ability of several bacterial species to reduce nitrate 
to nitrite, which is a multienzyme reaction catalyzed by different flavine 
enzymes (Luck, 1991b). 

The test entails adding 1 ml KNO, solution (0.3% w/v) to l0ml milk. 
The milk is then incubated at 30°C for a specified period, and a spot 
test is done for nitrite formation-that is, 1 drop of milk plus 1 drop of 
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nitrite reagent ( 5  g sulfanilamide + 1 g a-naphthylamine + 100ml glacial 
acetic acid + 100ml H20 ;  the solution is made up weekly and refriger- 
ated in an amber glass bottle). A pink to red color indicates a positive 
reaction. 

The NRT is suitable as a method for detecting raw milk samples with 
psychrotrophic or other contaminating bacteria in numbers exceeding 
200,00Oml-'. For this purpose a 5-h NRT at 30°C without preincuba- 
tion or a 3-h NRT at 30°C after preincubation at 15°C for 16h can be 
used (Luck et al., 1972). 

The advantages of the NRT is that it gives a better indication of the 
psychrotroph and coliform content in cold-stored raw milk than the dye 
reduction tests and that it can be used in smaller laboratories anywhere. 

A disadvantage of the NRT is that it is not suitable for testing milk 
with a bacterial count of less than 100,00Ornl-'. 

7 4.8.2.3 Pyruvate Determination. Pyruva te is an intermediate 
metabolite in a wide variety of metabolic pathways and is therefore a 
constituent of all microbial cells. Tolle et al. (1972) suggested the mea- 
surement of pyruvate as an indication of the hygienic quality of milk. 
Immediately after milking, the pyruvate level in normal milk is 0.5- 
l.Spgml-', with much of this pyruvate being derived from sources other 
than bacteria e.g. leucocytes, (Easter and Prentice, 1989). There is there- 
fore a background level of pyruvate in milk, which limits usefulness for 
determining low levels of microorganisms. The level of microbial pyru- 
vate also varies according to the storage conditions of the milk (Easter 
and Prentice, 1989). For these reasons, pyruvate measurement is not a 
method of choice for determining the hygienic quality of milk with low 
microbial load. 

If it is only necessary to detect milk with high levels of bacteria 
(e.g., >106ml-'), the pyruvate test has the advantage of being rapid, 
easily automated, and able to be carried out on preserved milk. For the 
latter reason, the pyruvate test has been used in a quality control test 
program in the Federal Republic of Germany (Easter and Prentice, 
1989). 

74.8.2.4 Catalase Production. The psychrotrophic bacterial popu- 
lation in milk consists largely of Gram-negative, catalase-producing 
bacterial genera. The enzyme catalase catalyzes the following reaction: 
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It may be argued that the amount of oxygen released by catalase 
activity in milk is related to the microbial load of the milk (Easter and 
Prentice, 1989). Luck (1991c), however, came to the conclusion that the 
catalase test cannot be recommended as an accurate index of the bac- 
terial load of raw milk. The activity of the catalase present was found 
not to be correlated well enough with the number of microorganisms 
in the milk. 

14.8.2.5 Oxygen (0,) Tension Measurement. Another metabolic 
activity test described by Luck and Gavron (1990) is the oxygen 
(0,) test carried out by means of an O2 electrode. The amount of dis- 
solved oxygen in the milk decreases as the initial bacterial count 
increases. 

Different procedures of handling milk and liquid dairy products 
affect the dissolved oxygen content. Such procedures include time 
lapses until testing, temperature of the milk, and/or the time and speed 
of stirring or agitation, and so on. For this reason the direct measure- 
ment of the O2 content of the milk does not give a clear indication of 
the bacterial count. 

The milk samples have to be saturated with air first (e.g., by shaking), 
followed by a specified period of incubation to obtain a close relation- 
ship between 0? content and bacterial count. The multiple regression 
relationship between 0, content and bacterial counts under these con- 
ditions was consistent enough ( Y  = -0.70) to recommend the 6-h 0, test 
as an index of the total mesophilic and psychrotrophic count (Luck et 
al., 1970b; Luck, 1991d).The necessity to saturate the samples with air 
followed by a 6-h incubation period at 2S°C, together with the neces- 
sity for having a oxygen meter, has so far discouraged the routine 
implementation of the O2 depletion test (Luck, 1991d). 

74.8.2.6 Impedance. It is known that growth of microorganisms in 
a medium alters the electrical properties of the growth medium (Easter 
and Prentice, 1989). This occurs in two ways: 

1. The catabolic activity of microorganisms breaks down large 
molecules into small molecules that are frequently charged (e.g., 
undissociated sugars are broken down into lactic and acetic acids, 
and proteins are broken down into fatty acids). These metabolic 
products frequently have a greater charge than the larger mole- 
cule from which they originate. 

2. The smaller molecules are more mobile than the larger molecules 
and are able to conduct electricity more readily in a solvent. 
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Microbial growth in a growth medium tends to increase the ability of 
a medium to conduct electricity; that is, conductance is an increasing 
function of microbial growth. Because conductance is inversely depen- 
dent on impedance, there is an inverse relationship between microbial 
growth and impedance (Easter and Prentice, 1989). 

The electrical impedance in a culture medium remains fairly consis- 
tent until a threshold of 106-107 cells ml-' is reached, when major 
changes in impedance start to occur.The time taken to reach the thresh- 
old value is indicative of the initial bacterial load in raw milk (Cady 
et al., 1978). 

An advantage of this method is that a result can be obtained in 
8.5 h compared to 72 h using a conventional SPC (Easter and Prentice, 
1989). In addition, this method can be used to detect specific microor- 
ganisms in the food. By designing media that will inhibit the growth of 
all but the test organism, while still allowing satisfactory growth curves 
of the latter organisms, it is possible to detect a wide range of indica- 
tor organisms and pathogens-for example, enterococci, coliforms, and 
Salmonella (Easter and Prentice, 1989). 

The impedance detection time (IDT) can, however, also be used to 
screen raw milk samples, and in a specific study a 7-h cutoff time (equiv- 
alent to 10scfuml-') was successfully used to screen the samples (Gnan 
and Luedecke, 1982). Impedimetry was also used to determine the 
potential shelf life of pasteurized whole milk (Bishop et al., 1984). 

Attention must be paid to culture media for impedimetry because 
not all media sustain satisfactory growth of a given organism. In brain 
heart infusion (BHI) broth, Pseudomunus spp. exhibited a triphasic 
type growth curve, making it difficult to determine the true IDT 
(Firstenberg-Eden and Tricarico, 1983). The incubation temperature is 
also important (Easter and Prentice, 1989). A method for estimating 
the bacterial content of a milk sample by impedimetry is described in 
Standard Methods f o r  the Examination of Dairy Products (Marshall, 
1 993). 

14.8.3 Methods Based on Specific Cellular Components 

14.8.3.1 Adenosine Triphosphate (ATP) Bioluminescence. All 
living cells contain ATP, which acts as a substrate in the biolumines- 
cence firefly enzymes system luciferin-luciferase, giving rise to light 
emission (Harding, 1995). This very sensitive light emission reaction can 
be used as a measure of low levels of bacteria via their ATP content 
according to the following general reaction: 
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luciteraw ATP + luciferin + oxygen- reaction products + light 
Mg 

The light emitted as a result of the above reaction is measured using a 
liquid scintillation spectrometer or luminometer. The amount of light 
produced by firefly luciferase is directly proportional to the amount of 
ATP added (Jay. 1992). 

Most foods, however, contain both free ATP and ATP associated 
with plant and animal cells from which that food was derived. ATP 
from these sources is often present in amounts greatly in excess of 
ATP from any contaminating bacteria that may be present (Van 
Crombrugge and Waes, 1991). The usefulness of the ATP determina- 
tion as a means of detecting contamination in food depends on the 
efficiency with which the bacterial ATP can be separated from 
the nonbacterial ATP. In milk the principal source of ATP is somatic 
cells and the calcium phosphate-citrate-caseinate micelles (Van 
Crombrugge and Waes, 1991). 

In  a review article on the application of ATP bioluminescence in the 
food industry, Griffiths (1996) refers to various authors who agree that 
ATP determination can be used successfully as a rapid assay method 
for the microbial loads in raw milk. Reybroeck and Schram (1995), for 
example, outlined a test that took less than 6min. In this test the milk 
is incubated in the presence of a somatic cell-lysing agent and then fil- 
tered through a bacterial cell-retaining membrane. The concentrated 
cells on the membrane are then lysed using a second extraction agent 
(specific for the extraction of bacterial ATP) and assayed by measure- 
ment of the resultant bioluminescence. Griffiths (1 996) stressed that 
using this method, microbial populations down to lO'cfuml-' can be 
detected with greater precision than when using the standard plate 
count. Other workers have also reported that the use of the ATP- 
bioluminescence method is a practical and reliable screening test for 
assessing the hygienic quality of bovine raw milk (Bell et al., 1996; 
Brovko et al., 1999). 

Using the bioluminescence principle, the hygienic status of tankers, 
plants, and equipment can be assessed in as little as 2min (Anonymous, 
1995). Two methods are available, one to check surfaces using swabs 
and the other to check rinse waters from CIP systems. Both tests deter- 
mine not only the microbial contamination but also product residues 
left behind on surfaces and in closed systems. Apart from the undesir- 
able aesthetic nature of the remaining residues, they also serve as nutri- 
ents for the growth of microorganisms. Because of the measurement of 
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both soiling and microbial contamination by this method, direct corre- 
lation with more traditional methods is not always possible. 

In the swabbing procedure (Anonymous, 1995) an area of 100cm2 is 
swabbed, the swab is vortexed in a cuvette containing the ATP extrac- 
tion reagents, and the luciferin-luciferase reagent is subsequently 
added to produce the bioluminescence. The measurement by a lumi- 
nometer is recorded in relative light units (RLU). Less than 500RLU 
is regarded as a “clean” value, whereas more than 500RLU is regarded 
as a “contaminated” value (Anonymous, 1995). 

The rinse water test (Anonymous, 1995) is a rapid miniaturized fil- 
tration system, and end results are obtained in approximately 5min. 
A volume of 20ml of the rinse water is filtered through an 8-mm- 
diameter filter by applying vacuum. The filter is removed aseptically 
and transferred to a flat-bottom cuvette. The reagents to release the 
microbial ATP and to catalyze the bioluminescence reaction are added, 
and the light output is measured in the luminometer. Two cutoff limits 
based on correlation with traditional plate counts have been estab- 
lished (Anonymous, 1995). A value of above 200RLU indicates re- 
sidual contamination, while a result above 1000 RLU should necessitate 
re-cleansing of the equipment. 

The advantages of the bioluminescence methods are in keeping with 
other rapid methods in that reference or conventional methods usually 
give a result after the milk has been processed or the equipment to be 
monitored has been used. The bioluminescence method, on the other 
hand, gives a rapid and also reliable result that will assist in ensuring 
good manufacturing practice proactively. 

Limitations of the bioluminescence system that should be kept in 
mind are that the bioluminescence assay of ATP is affected by certain 
interfering factors causing a reduction in measurable photons (Van 
Crombrugge and Waes, 1991). First, it is important to adhere to the pH 
optimum of 7.75. Lower or higher pH affects the reaction rate and 
decreases the light emission. Temperatures higher than 25°C may inac- 
tivate the luciferase, and at lower temperatures the reaction is pro- 
gressively slower. Certain ionic and other compounds can interfere with 
the reaction, causing a decreased light output. In practice, however, the 
interfering factors can be minimized by dilution and be corrected for 
by internal standardization (Van Crombrugge and Waes, 1991). 

14.8.3.2 Gram-Negative Endotoxins (Limulus Test). Gram- 
negative bacteria are characterized by their production of endotoxins, 
which consist of lipopolysaccharides (LPS) of the outer membrane of 
the cell envelope (Jay, 1992). The LPS is pyrogenic and responsible for 
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some of the symptoms that accompany infections caused by Gram- 
negative bacteria. 

The Limiilus amebocyte lysate (LAL) test employs a lysate protein 
obtained from the hemolymph or blood cells (amebocytes) of the 
horseshoe crab (Lirnulus polyphemus). The lysate protein is the most 
sensitive substance known for the detection of endotoxins (Jay, 1992). 
A freeze-dried extract of the Lirnulus amoebocytes forms a clot or a 
gel when dissolved and brought into contact with the lipopolysaccha- 
rides of Gram-negative bacteria (Easter and Prentice, 1989). 

The assay technique involves the use of tubes or microtiter plates 
(Suhren and Heeschen, 1991b) that are prepared by loading the tubes 
or wells with freeze-dried LAL. For quantitative determination, the 
milk sample is diluted with pyrogen-free water and 30yl of the milk or 
dilution thereof pipetted into the wells of the microtiter plates. Raw 
milk samples are prepared by heating to 80°C for 10min and cooling 
before dilution. The inoculated microtiter plates are then incubated for 
l h  at 37°C. Reading the plates involves detecting those wells that 
contain a gelled or clotted reaction mixture. The detection can be per- 
formed by adding it dye solution (toluidine blue) and applying moder- 
ate suction using a capillary tube. In the case of positive wells the 
colored gel is firm and resists suction. Negative reactions are repre- 
sented by empty wells (Suhren and Heeschen, 1991b). The concentra- 
tion of the LPS can be calculated by obtaining the reciprocal of the 
highest positive dilution. 

Because this test provides an estimate of the Gram-negative bacte- 
rial content of the milk, one nanogram (ng) of LPS can be said to 
approximate a Gram-negative colony count of 20,000cfuml-l with a 
standard deviation ranging from 5600 to 80,OOOcfu ml-' (Suhren and 
Heeschen, 199lb). This method has been found suitable for the rapid 
evaluation of the hygienic quality of milk before or after pasteuriza- 
tion (Terplan et al., 1975; Zaadhof and Terplan, 1981; Jaksch et al., 1982; 
Jay, 1992). 

Commercial substrates are available that contain amino acid 
sequences similar to Limulits coagulogen (Jay, 1992). These substrates 
are rendered chromogenic by linkage to p-nitroaniline. When the 
endotoxin-activated enzyme attacks the chromogenic substrate. free p- 
nitroaniline is released and can be read spectrophotometrically at 
405 nm. The amount of chromogenic compound liberated is propor- 
tional to the quantity of endotoxin in the sample. An automated method 
for endotoxin assay was devised by Tsuji et al. (1984), and the method 
was shown to be sensitive to as little as 3Opg of endotoxin ml-I. 

Advantages of the Lirnulzis test are as follows: 
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1. The speed at which results can be obtained. 
2. Bacterial lipopolysaccharide is heat-resistant and will even 

withstand UHT time and temperature treatment (Easter and 
Prentice, 1989).The application of the LirnuZus test to heated milk 
therefore gives an indication of the bacteriological quality of the 
milk prior to processing. 

A “disadvantage” of the test is that the relationship between the 
lipopolysaccharide concentrations and “total” bacterial numbers is 
dependent on the composition of the microbial population. However, 
because this test per se is aimed at the Gram-negative component of 
the population, which would include important spoilage organisms such 
as the psychrotrophs or indicator organisms such as coliforms, this 
attribute can also be regarded as a positive one. 

14.9 
OF MILK 

METHODS FOR DETERMINING THE SHELF LIFE 

An important factor today is the open dating of perishable dairy prod- 
ucts to indicate when the products were packed or when they should 
be removed from the supermarket shelf (Luck and Gavron, 1990). 
Many dairy factories consequently need accelerated tests to determine 
the shelf life or keeping quality of milk. The shelf life of milk is defined 
as the period between manufacture or processing and that point when 
the milk becomes unsuitable for use by the consumer. The milk is 
deemed to be unsuitable due to the presence of flavor defects or change 
of physical appearance (Manners, 1993). 

The key to predicting shelf life is not the “total” bacterial count 
immediately after processing, because this count does not differentiate 
between contaminants and these bacteria surviving pasteurization 
(Luck and Gavron, 1990). The shelf life is, however, dependent on the 
number of postpasteurization contaminants and especially those that 
multiply rapidly at refrigeration temperatures namely the Gram- 
negative psychrotrophs (and especially the pseudomonads). Numbers 
of such microorganisms as low as one or two bacteria per liter can 
frustrate any attempt to manufacture a product with an extended shelf 
life. 

The shelf life is also related to the time-temperature history of the 
product. In doing shelf-life tests it is necessary to simulate the market- 
ing conditions to which the product will actually be subjected. For this 
reason a storage temperature of 5 7 ° C  is recommended (Luck and 
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Gavron, 1990). Regardless of the test itself, the key to predicting the 
shelf life of milk and milk products (White, 1998) is that the method 
must be rapid. Reliable and meaningful results must be obtained within 
72h and ideally within 24h. For this reason the classic Moseley count 
[e.g., the plate count after S days of storage at 7°C minus the plate count 
directly after processing. (Moseley, 1958)] has not proved a popular 
shelf-life predictive test for pasteurized milk in practice. This despite 
the fact that it has been shown to be a good index of postpasteuriza- 
tion contamination (Luck and Gavron, 1990). 

Determination of the Actual Shelf Life. It is important to note that tests 
to predict shelf-life must be evaluated against the actual product shelf 
life. The actual shelf life can be determined by incubating the milk 
sample at the relevant temperature (e.g., 7°C) and testing at regular 
intervals until a definite off-flavor is detected by sensory evaluation 
(White, 1998). More objective tests for determining the shelf-life end 
point include the alcohol test and the clot-on-boiling tests (Jooste and 
Groeneveld, 1971). The alcohol test entails the rapid mixing of 2ml of 
68% ethanol (alizarin can be added to serve as indicator) with a 2-ml 
milk sample previously pipetted into a test tube. Any definite evidence 
of precipitation is regarded as positive (Jooste and Groeneveld, 1971). 
With the clot-on-boiling test, Sml of the milk sample in a test tube is 
placed into boiling water for Smin. Positive results vary from a loose 
curd to a solid coagulum. The alcohol test was found to be highly 
correlated with both the clot-on-boiling ( Y  = 0.9488) and the sensory 
evaluation ( r  = 0.9072) test results (Jooste and Groeneveld, 1971). 
The latter study also showed that at an incubation temperature of 
18"C, the milk often became alcohol-positive simultaneously with the 
appearance of a taint in the milk. Clot-on-boiling usually occurred 1 or 
2h later. At that time most of the samples had become completely 
unpalatable. 

Preincubation of the Milk Sample Followed by Plating. Because of the 
low initial numbers of bacteria in freshly pasteurized milk, most pre- 
dictive shelf-life tests consist of preincubating the product (in its 
original container) at 21°C for 18 h followed by some rapid bacterial 
detection test (White, 1998). Such detection methods include the stan- 
dard plate count, the accelerated psychrotrophic count (21°C for 25 h 
or 18°C for 48h) described previously, or plating on agar plates con- 
taining crystal violet and triphenyl tetrazolium chloride (White, 1998). 
The American Public Health Association (White et al., 1993) recom- 
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mends the 21"C/2Sh count method using plate count agar or 21°C for 
48 h using the Petrifilm aerobic count method following preincubation 
(PI) of the sample at 21°C for 18h. The relationship between these PI 
counts and sensory tests (White et al., 1993) gave rise to the following 
shelf-life estimates: 

PI cfu count ml-' Estimated Shelf Life (days) 

<1,000 
1,000-200,000 

>200,000 

>14 
9-14 
4 0  

Preincubation of Milk Sample Followed by DEFT: The DEFT micro- 
scopic count referred to earlier can also be used as a rapid test to 
predict shelf life after PI at 21°C for 18 h. Alternatively milk with added 
benzalkonium chloride and crystal violet (for inhibiting Gram-positive 
bacteria) can be pre-incubated at 30°C for 18h (White et al., 1993) 
before subjecting the milk to the DEFT microscopic count. 

Impedance Method. The use of impedance detection time (DT) with 
milk samples has been shown to be superior to a traditional keeping 
quality method such as the Moseley test (Marshall, 1993). Results cor- 
related better with actual keeping quality (Y = 0.94 vs. 0.75 for the 
Moseley test) and are available within 48h. In this test, Sml of milk 
sample is added to S ml of sterile broth medium, and the mixture is sub- 
sequently incubated for 18h at 18°C. Modified plate count agar (White 
et al., 1993) is added and impedance testing is done at 21°C for up to 
48 h. 

According to White (1998), there is no single ideal test for predict- 
ing the shelf life of fluid milk products. They suggest that processors 
should carefully select one or two tests that best fit their overall quality 
assurance program. The key points regarding shelf-life prediction 
(White, 1998) include the following: 

1. Know the actual shelf life of the product as measured at 7°C. 
2. Select the test to predict shelf-life that best fits the total program. 
3. Routinely do the tests and develop a history categorizing the 

4. Define a course of action in case product failure is projected by 
results. 

these tests. 
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14.10 STERILITY TESTS 

The aim of the quality control of ultra-high-temperature (UHT)- 
treated milk products that have been aseptically processed and packed 
is to limit the number of containers spoiled by microbial growth to a 
level acceptable to the market (Luck and Gavron, 1990). The term 
“sterility test” in this context implies stability rather than sterility in the 
microbiological sense. Even though a small number of bacteria may 
have survived the heat treatment, the product is regarded as commer- 
cially sterile as long as they do not grow during a commercially accept- 
able period. Commercial sterility therefore means the absence of all 
pathogenic or toxigenic microorganisms and the absence of any 
microorganisms that are capable of multiplication under the conditions 
of storage and distribution (Luck and Gavron, 1990). 

Spore-forming bacteria are usually the cause of microbiological 
spoilage in UHT-treated milk products. The spore-forming anaerobes, 
principally of the genus Clostridiurn, are less thermoresistant and are 
therefore of less concern than the spores of mesophilic and ther- 
mophilic aerobes of the genus Bacillus (Luck and Gavron, 1990). 

UHT treatment reduces the number of spores by 8-1010g,0 cycles. 
This means that after treatment, milk with an original spore content of 
100 spores ml-’ (lo5 spores liter-’) will contain 0.001 to 0.00001 spores 
per liter pack, and thus the number of nonsterile packs will be approx- 
imately 1 in 1000 to 1 in 100,000. This level is acceptable (Luck and 
Gavron, 1990). 

To detect unsterile packages, the plate count method per se will not 
be practically feasible with survivors at a level of less than one per mil- 
liter or as low as one per liter directly after the heating and aseptic 
packaging. For this reason, incubation of the packaged product at dif- 
ferent incubation times and temperatures have been suggested. A 2- 
week incubation period as suggested by the International Dairy 
Federation (IDF, 1969) is commercially not practicable (Luck and 
Gavron. 1990). Tests carried out on UHT milk revealed that 18% of 
unsterile packs were detected after 3 days at 30”C, 41% after 5 days, 
and 68% after 7 days (Luck et a].. 1978).The results indicated that incu- 
bation times of 3 and 5 days were not sufficiently long, and an incuba- 
tion period of 7 days was consequently deemed advisable (Luck and 
Gavron, 1990). 

With regard to incubation temperature, a thermophilic incubation 
temperature of 55°C is not necessary because most of the thermophilic 
spores causing spoilage at 55°C remain dormant at ambient storage 
temperatures. Only one incubation temperature is consequently 
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needed (Luck and Gavron, 1990), namely in the region of 3537°C. 
Facultative thermophiles may be able to grow at 35"C, but one should 
bear in mind that damaged (stressed) bacteria recover and grow more 
readily at 27°C than at 35°C. 

On termination of the incubation period the UHT product is 
adjudged defective or not. Defectiveness or spoilage is recorded when 
the sensory properties are different from those normally obtained by 
prolonged incubation, when the titratable acidity differs from what it 
was before incubation by more than 0.02% (expressed as grams of 
lactic acid per 1OOg of milk), or when the colony count exceeds 10 per 
0.1 ml of milk. Normal inspection should consist of 50-100 samples per 
machine per production run per day (IDF 1969; IDF 1981; Luck and 
Gavron, 1990). 

Other tests that have been recommended for testing the sterility of 
UHT treated milks include the impedance method on milk preincu- 
bated at 25-35°C (time not specified; White et al., 1993) and the biolu- 
minescence method (Anonymous, 1995). In the latter method a dairy 
products sterility kit is used. A representative sample (0.1-0.3% of total 
production run) is taken.The unopened packs are incubated at 28-30°C 
for 48 h. The milk is then tested for bioluminescence as recommended 
in the sterility kit instructions (Anonymous, 1995). Sterile samples have 
an RLU reading of <2 x RLU background, while unsterile samples 
have a RLU reading of >2 x RLU background. 

The possibilities of ultrasound imaging as a nondestructive quality 
control method was tested among others on UHT milk packages 
(Mattila et al., 1989). The results showed that spoilage could be 
detected in all the milk products tested within 2-3 days. The ultrasound 
could penetrate all the common plastic packaging materials. Cardboard 
packaging material, however, suppressed penetration. Lower frequen- 
cies were used, but this decreased the sensitivity. 

14.11 METHODS FOR DETECTING PATHOGENIC 
MICROORGANISMS AND THEIR TOXINS 

Classic methods of detecting and enumerating microorganisms depend 
on the recognition of microbial colonies, often after growth on selec- 
tive agar (Waites, 1997). Such methods are time-consuming and labor- 
intensive and require well-trained staff able not only to carry out 
aseptic work but also to recognize different morphological types of 
microorganisms. Because most food-borne pathogenic microorganisms 
generally occur in low numbers, selective enrichment is also usually 



710 QUALITY CONTROL IN THE DAIRY INDUSTRY 

required in order to allow detection and prevent overgrowth by other 
organisms. In addition, some cells, particularly from food processing 
environments, may be damaged and a pre-enrichment step becomes 
necessary to assist cells to recover before being exposed to selective 
agents (Waites, 1997). 

Although standard methods based on culturing the organisms will 
be referred to in this section, the primary aim will be to review a range 
of more rapid techniques for detecting pathogenic microorganisms and 
their toxins.The latter methods will include a range of more recent mol- 
ecular techniques (Table 14.7), immunological methods (Table 14.8), 
methods for dealing with stressed or damaged cells, and then currently 

TABLE 14.7. Molecular Methods for Detecting Microbial Pathogens 

Method 

DNAiRNA probes 

Polymerase chain 
reaction (PCR) 

Amplified fragment 
length polymorphism 
(AFLP) 

Principle and Application Reference 

A probe is a nucleic acid sequence Wallbanks (1989) 
Jay (1992) 
Waites (1997) 

typical of the organism of interest, 
used to  detect homologous DNA or 
RNA sequences in the target 
organism. RNA as target sequence 
has an advantage in having lo4 
copies per cell versus DNA which 
has only one or  two copies per cell. 

Nucleic acid fragments for testing 
are prepared using restriction 
endonucleases. 

A n  amplification technique to  
increase low numbers of DNA 
molecules to detectable levels (10" 
copies of the target sequence). 
PCR can increase one molecule of 
DNA to produce lo7 identical 
copies. 

Advantages: speed (4 h), sensitivity 
( I  cell) and high specificity. 

Waites (1 997) 

A method for the genomic typing of 
microorganisms based on DNA 
sequence polymorphism. 

highly discriminatory and is used 
for identification and classification 
of bacteria, fungi and yeasts. It is 
an advancement on related 
techniques such as PFGE, 
BRENDA, and RAPD. 

Aarts (1999) 

The method is reproducible and 
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TABLE 14.8. Immunological Methods for the Detection of Microbial Pathogens 
and Toxins 

Method Principle and Application 

Fluorescent Fluorescent antibody reagent reacts 
antibody (FA) 
method antigen-antibody complex emits 

with test antigen. Resultant 

fluorescence and is detected using 
a fluorescence microscope. 

AOAC-approved method for 
detecting Salmonella yields results 
within 52 h. 

Latex agglutination Simplest of immunoassays. Reagent 
consists of latex particles coated 
with antibodies. Specific antigens 
in test sample combine with 
antibodies. Latex particles remain 
in suspension compared to 
negative test in which latex 
particles form a sediment. 

test 

Enzyme 
immunoassays 
(EIA) 

Example of a so-called 
noncompetitive EIA is the well- 
known ELISA (enzyme-linked 
immunosorbent assay). 
Immobilized antibodies react with 
specific antigens in test sample. 
Adsorbed antigen is measured 
using enzyme-labeled antibodies 
added to reaction mix (antigen 
must have two binding sites). 

The ELISA technique is used to 
detect and quantitate 
microorganisms or their metabolic 
products. 

Immunodiffusion Gel diffusion methods are widely 
used for detecting and quantifying 
bacterial toxins and enterotoxins, 
for example, Staphylococci~s aweus 
enterotoxin and Clostridium 
botulinum toxins. 

Most widely used test is the Crowle 
modification of the Ouchterlony 
slide. 

Reference 

Jay (1992) 
Flowers et al. (1993) 

Notermans (1 989) 

Notermans (1989) 
Jay (1992) 

Casman and Bennett 
(1 965) 

Duncan and Somers 
(1 972) 

Bennett and McClure 
(1976) 

Jay (1992) 
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TABLE 14.8. Continued 

Method Principle and Application Reference 

Radioimmunoassay A radioactive label is attached to 
the antigen. The labeled antigen is 
allowed to  react with specific 
antibody in the test sample. The 
amount of antigen-antibody 
complex is  quantified using a 
scintillation counter. The RIA is 
used to examine foods for 
biohazards such as mycotoxins, 
endo- and enterotoxins. 

The Dynal system uses Dynabeads@, 

polystyrene beads coated with 
specific antibodies. The antibodies 
combine with the target organism 
in the test sample. and the bead- 
bacterial complexes are separated 
using a magnetic particle 
concentrator. 

Incorporation of the IMS step greatly 
reduces the isolation time for the 
target organism. IMS can be used 
for isolation of Sulmonrlla, Listeria, 
and E. coli 0157. 

(RIA) 

lmmunomagnetic 
separation (IMS) which are superparamagnetic 

Miller et al. (1 978) 
Bergdoll and Reiser 

Jay (1 992) 
( 1980) 

Wachsmuth et  al. 

Safarik et al. (1 995) 
Waites (1 997) 
Kaclikova et al. (1999) 

( 1  990) 

recognized techniques for detecting specific pathogenic and toxigenic 
organisms (or their toxins) in milk and milk products. 

14.11.1 Dealing with Stressed Food-Borne Pathogens 

Legislation requires food manufacturers to demonstrate that certain 
foods they produce are free from contamination by pathogens. For 
many pathogens, this is interpreted to mean absence of a single cell in 
a 25-g sample of food. It is also interpreted to imply a single cell that 
is possibly in an injured or stressed state. The importance of these 
specifications is reinforced by the epidemiological data obtained from 
many well-documented outbreaks of food poisoning linked to very low 
levels of contamination, in some cases less than 10 organisms per por- 
tion consumed (Stephens, 1999). 
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When microorganisms are subjected to environmental stresses such 
as sublethal heat and freezing, many of the individual cells undergo 
metabolic injury resulting in their inability to form colonies on selec- 
tive media that uninjured cells can tolerate. Whether organisms have 
suffered metabolic injury can be determined by plating aliyots of the 
sample separately on a nonselective and a selective medium and 
enumerating the colonies that develop after suitable incubation. The 
colonies that develop on the nonselective medium represent both 
injured and uninjured cells, while only the uninjured cells develop on 
the selective medium (Jay, 1992). The difference between the number 
of colonies on the two media is a measure of the number of the injured 
cells in the original sample. 

Injury of food-borne microorganisms has been shown by a large 
number of investigations to be induced not only by sublethal heat and 
freezing but also by freeze-drying, drying, irradiation, aerosolization, 
antibiotics, and sanitizing compounds (Jay, 1992). The protection of cells 
from heat and freeze injury is favored by complex media or specific 
components thereof. Milk, for example, provides more protection than 
saline or mixtures of amino acids (Moats et al., 1971; Jay, 1992) and milk 
components that are most influential appear to be phosphate, lactose, 
and casein. 

Metabolically injured microorganisms have increased nutritional 
requirements. Foods inoculated with salmonellae were frozen, and the 
fate of the organisms during freezer storage was studied (Jay, 1992). 
More organisms could be recovered on highly nutritive nonselective 
media than on selective media such as MacConkey, deoxycholate, or 
violet red bile agars. In another example, dry-injured Staphylococcus 
aureus cells failed to recover on the nonselective recovery medium 
(tryptone soya agar) but did recover when pyruvate was added to the 
medium (Jay, 1992). Pyruvate is well established as an injury repair 
agent, not only for injured S. aiueus cells but for other organisms 
such as E. coli. Higher counts were obtained on media containing 
this compound when the organisms were injured by a variety of agents 
(Jay, 1992). Catalase is another compound that increases recovery of 
injured aerobic organisms. Various investigations (Jay, 1992) have 
shown that sublethally injured S. aureus, Pseudomonas~uorescens, Sal- 
monella typhimurium, and E. coli effectively recovered in the presence 
of this enzyme. More information on cell injury and methods of recov- 
ery (Jay, 1992) can be obtained in the book of Andrew and Russell 
(1984). 
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14.11.2 Specific Pathogenic, Indicator or 
Toxigenic Microorganisms 

14.11.2.1 Enterobacteriaceae, Coliforms, and Escherichia coli 

Enterobacteriaceae. The presence of any member of the Enterobac- 
teriacene family is undesirable in pasteurized dairy products. Methods 
for detecting Enterobacteriaceae are much less specific than those 
developed for detecting coliforms. The methods, however, do provide 
increased sensitivity for detecting postpasteurization contamination, 
and results are available in 12h using the impedance method or in 
24h using the modified MacConkey glucose agar plating method 
(Christen et al., 1993). 

Coliform Bacteria. The coliform group of bacteria comprises all 
aerobic and facultatively anaerobic, Gram-negative, non-spore-forming 
rods able to ferment lactose with the production of acid and gas at 32°C 
or 35°C within 4811 (Christen et al., 1993). One source of these organ- 
isms is the intestinal tract of warm-blooded animals, although certain 
bacteria of nonfecal origin are also members of this group. Typically, 
this group is represented by the genera Escherichia, Enterobacter, and 
Klebsiella, but a few lactose-fermenting species of other genera are also 
included in the coliform group. In proportion to the numbers present, 
the existence of any of these species in dairy products is suggestive of 
unsanitary conditions or practices during production, processing, or 
storage (Christen et al., 1993). 

Reference methods for enumerating these organisms in milk and 
milk products are referred to in Table 14.6 and include a colony count 
at 30"C, a dry rehydratable film method, a MPN method, and a pectin 
gel method. Similar standard methods are described by Christen et al. 
(1993). 

Escherichia coli. Escherichiu coli is currently the best-known fecal 
indicator, and its recovery from dairy products suggests that other 
organisms of fecal origin, including pathogens, may be present. Refer- 
ence methods for detecting and enumerating this organism are sum- 
marized in Table 14.6. Other standard methods, including hydrophobic 
grid membrane filtration, an impedance method, and a fluorogenic 
assay (MUG test), are described by Christen et al. (1993). 

Pathogenic E. coli. Most E. coli strains are harmless commensals 
common to the intestinal tract of humans and animals. Some strains 
have, however, been found to be pathogenic. Final determination of the 
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enteropathogenicity of any strain of E. coli is based on that strain’s 
ability to “elicit a specific, consistently positive response in two or 
more standardized model pathogenicity systems.” These model systems 
demonstrate invasiveness, production of a heat-labile toxin, and pro- 
duction of a heat-stable toxin. These methods are fully described in the 
American FDA’s Bacteriological Analytical Manual and in the AOAC’s 
OMA (Flowers et al., 1993). 

Based on distinct virulence properties, different interactions with 
the intestinal mucosa, distinct clinical symptoms, differences in 
epidemiology, and variations in 0 (somatic) and H (flagellar) antigens, 
more than 60 distinct strains causing different forms of diarrhea 
in humans have been identified (Ryser, 1998). These strains are 
grouped into the following five categories: classic enteropathogenic E. 
coli (EPEC), enterotoxigenic E. coli (ETEC), enteroinvasive E. coli 
(EIEC), enterohaemorrhagic E. coli (EHEC), and, most recently, 
enteroadherent E. coli (EAEC) (Ryser, 1998). 

Selective recovery of E. coli 0157:H7 (EHEC) from food samples 
is based on the inability of typical isolates to ferment sorbitol and 
hydrolyze 4-methyl-umbelliferone glucuronide (MUG) to a fluoro- 
genic product. Several selective enrichment broths containing novo- 
biocin or other antibiotics can also be used to enhance recovery. 
Presumptive E. coli 0157:H7 must be serologically confirmed with 
antisera or with a serotype specific DNA probe. Verotoxin produc- 
tion can be confirmed using traditional cell culture techniques or 
the newly developed DNA probe and PCR assays for VT-1 (Ryser, 
1 998). 

74.77.2.2 Salmonella. The gastroenteritic form of nontyphoid sal- 
monellosis was not clearly linked to raw milk consumption until the 
mid-1940s. Interest in milk-borne salmonellosis has peaked twice since 
the 1940s, first in 1966 when several large outbreaks were traced to 
nonfat milkpowder and again in 1985 when one of the largest recorded 
outbreaks of food-borne salmonellosis involving more than 180,000 
cases was traced to consumption of a particular brand of pasteurized 
milk in the Chicago area (Ryser, 1998). Today Salmonella and Campy- 
lobacter are generally recognized as the two leading causes of dairy- 
related illness in the United States and Western Europe, with rates of 
infection being particularly high in regions where raw milk is neither 
pasteurized or boiled. 

Examination of milk and milk products according to the Interna- 
tional Dairy Federation standard method (IDF, 1995a) begins with pre- 
enrichment in a buffered peptone water broth to resuscitate injured 
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cells. Following 16-20 h incubation at 37"C, two different media-Rap- 
paport-Vassiliadis and selenite-cystine broths-are inoculated from 
the pre-enrichment broth and incubated at 42°C and 37"C, respectively, 
for a total of 48h. Tmmunomagnetic concentration of salmonellae 
present in the enrichment broth can remove the need for enrichment 
(Waites, 1997) and decrease detection time by 2 days. Streaking out and 
recognition can be done on two selective media-for example, Brilliant 
Greedphenol Red Agar (IDF, 199%) and any other suitable solid 
selective medium (e.g., Hektoen Enteric; Xylose Lysine Desoxycholate 
or Bismuth Sulfite Agar; Ryser, 1998). The plates are then incubated at 
35°C for 24-48 h. Biochemical or serological confirmation of isolated 
colonies can be done according to procedures described by Flowers et 
al. (1993) or IDF (199%). 

Alternatively, several rapid methods using fluorescent antibodies, 
immunodiffusion, enzyme immunoassays, DNA hybridization, 
hydrophobic grid membrane filtration, or impedance determination 
may be applied (Flowers et al., 1993).All positive findings must be con- 
firmed by culturing. Commercial test kits available are described by 
Ryser (1 998). 

Standard methods for detecting Salmonella in cheese powder and 
dried milk are referred to in Table 14.6. 

14.11.2.3 Campylobacter. Campylohacter jejuni has been recog- 
nized since 1909 as an important cause of abortion in cattle and sheep. 
Improved isolation strategies have also implicated this organism as a 
causative agent of human diarrhea. Altogether, 4.5 food-borne campy- 
lobacteriosis outbreaks (1308 cases) were reported in the United States 
between 1978 and 1986, over half of which involved ingestion of raw 
milk (Ryser, 1998). Similar reports linking raw or inadequately pas- 
teurized milk to 13 outbreaks in Great Britain from 1978 to 1980 
(Ryser, 1998) helped to further substantiate C. jejuni and also C. coli 
(Duim et al., 1999) as important milk-borne pathogens that have come 
to rival or even surpass Salmonella as an etiological agent of human 
gastroenteritis worldwide (Ryser, 1998). 

Campylohacter is likely to be greatly outnumbered by the normal 
bacterial flora of milk. Consequently, selective enrichment under 
microaerobic conditions is a crucial initial step in procedures for recov- 
ering Campylobactc~r from raw milk (Ryser, 1998). The latter author 
refers to three methods that are currently recommended for detecting 
Campylohacter in raw milk, namely, Flowers et al. (1993), Hunt and 
Abeyta (19%), and Stern et al. (1992). These methods are complicated 
and require initial centrifugation of the raw milk sample and selective 
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enrichment of the pellet at 42°C under microaerobic conditions (5% 
02, 10% C02, 85% N2). Subsequent plating of the enrichment medium 
is then done on two selective media followed by similar incubation. 
Additional steps are required in the FDA procedure (Hunt and 
Abeyta, 1995). 

Phenotypic methods (Duim et al., 1999) have the disadvantage that 
a large proportion of C. jejuni and C. coli strains are nontypable by 
such methods. The latter authors reported that amplified fragment 
length polymorphism (AFLP) fingerprinting resulted in satisfactory 
and highly discriminatory identification of the campylobacters. They 
concluded that AFLP is suitable for epidemiological studies on 
Campylobacter. Mouwen and Prieto (1999) also reported that 
Fourier-transformed infrared (FT-IR) spectroscopy was found to be a 
simple, rapid, and accurate procedure for identifying, typing, and group- 
ing Cumpylobacter species and subspecies. A disadvantage of the latter 
method is the cost of the equipment and the fact that reproducibility 
of the method needs to be improved. 

14.11.2.4 Listeria. Listeria monocytogenes has only recently 
emerged as a serious food-borne pathogen that can cause abortion 
in pregnant women and meningitis, encephalitis, and septicaemia in 
newborn infants and immunocompromised adults. The outcome of lis- 
teric infection can be particularly devastating, with a mortality rate of 
20-30%0 (Ryser, 1998). Three major dairy-related outbreaks resulting 
in more than 100 deaths prompted the United States to institute a 
policy of “zero tolerance” for L. monocytogenes in all cooked and 
ready-to-eat foods including dairy products (Ryser, 1998). Recalls 
issued for contaminated dairy products, principally ice cream and 
cheese, in the United States in 1994 and 1995 suggests that Listeria con- 
tamination within dairy processing plants has not yet been fully con- 
trolled (Ryser, 1998). 

Reference methods for determining L. monocytogenes in dairy prod- 
ucts (IDF, 199%; Hitchins, 1995) both commence with a selective liquid 
medium containing acriflavin, nalidixic acid, and cycloheximide as 
selective agents. The inoculated selective medium is incubated at 30°C 
for up to 48h. If the immunomagnetic separation (IMS) technique is 
used, the selective medium is replaced by half-Fraser broth and incu- 
bated for only 24h at 30°C. This saves 24h on the selective medium 
step. Oxford medium as main medium and PALCAM as additional 
medium is recommended in the above reference procedures as isola- 
tion media. 
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Species identification of presumptive Listeria isolates is based on 
morphological, physiological, and biochemical reactions that can take 
up to 7 days to complete (IDF, 199%; Hitchins, 1995). 

The time required for phenotypic confirmation can be shortened 
using commercially available test kits (e.g., API 20 S, API-ZYM, API 
Listeria, Micro ID; Ryser, 1998). Alternatively, several DNA hybridiza- 
tion (Accuprobe, Gene Trak) and ELISA assays such as VIDAS can 
be used to screen IMS concentrates or enrichment broths for Listeria 
spp. (Ryser, 1998; see also Table 14.6). Molecular methods studied 
by Harvey et al. (1999) included multilocus enzyme electrophoresis 
(MEE), pulsed field gel electrophoresis (PFGE), repetitive element 
sequence-based PCR (REP.PCR), and plasmid profiling. They found 
PFGE to be the most discriminatory typing method, followed by MEE 
and lastly REPPCR. MEE and PFGE were largely in agreement and 
tended to group the same strains together. The sensitivity of MEE 
could be improved (Harvey et al., 1999) by increasing the number of 
enzymes examined. While plasmid profiling was not useful for typing 
L. trzonocytogenes from a wide range of sources, the presence and sta- 
bility of plasmid DNA in certain strains could serve as a useful marker 
in ecological studies. REP.PCR proved to be a rapid and reliable 
method, but was less discriminatory than MEE or PFGE (Harvey 
et al., 1999). 

74.77.2.5 Staphylococcus aureus. Staphylococcal food poisoning 
is a classic food-borne intoxication resulting from the ingestion of a pre- 
formed, heat-stable toxin (termed enterotoxin) and produced by the 
bacterium Staphylococcus aureus. Dairy products are well-known vehi- 
cles of staphylococcal poisoning, with cheese and raw milk linked to 
outbreaks before the turn of the century (Ryser, 1998). By the late 
1930s, staphylococcal poisoning emerged as a major milk-borne illness 
accounting for 26%, SO%, and 30% of all milk-borne diseases reported 
in the United States during the 1940s, 19.50s, and 1960s, respectively 
(Ryser, 1998). These cases of staphylococcal poisoning involved various 
dairy products including raw milk, pasteurized milk, cheese, ice cream, 
butter, and nonfat dry milk. Improvements in milk pasteurization and 
dairy sanitation standards in the United States, England, and most 
other industrialized countries have made dairy-related outbreaks rare 
(Ryser, 1998). 

The significance of finding S. aureus in foods suspected of causing 
staphylococcal poisoning should be interpreted with caution. Although 
foods must contain at least 10" enterotoxigenic S. aureus cfug-' to 
induce illness, small numbers of S. uureus present in thermally 
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processed foods may represent the survivors of very large populations. 
Consequently, actual or potential staphylococcal poisoning can only be 
verified by isolating enterotoxigenic staphylococci from the food or 
demonstrating the presence of enterotoxin in the food (Ryser, 1998). 

The enumeration of coagulase-positive staphylococci in milk and 
milk-based products using the colony count technique is described 
in an IDF standard (IDF, 1997a). The principle of this technique is 
the inoculation of serial dilutions of product using a solidified culture 
medium, namely, Baird-Parker agar medium or rabbit plasma fibrino- 
gen (RPF) agar medium.The use of the latter medium is recommended 
when the Baird-Parker medium is not selective enough. After incuba- 
tion for 24-48 h, coagulase-positive staphylococci on RPF agar form 
gray or black colonies surrounded by an opaque or cloudy zone indi- 
cating coagulase activity. Confirmation of colonies is done by means 
of a coagulase test (IDF, 1997a). In products where staphylococci are 
expected to be stressed and in low numbers-as, for example, in dried 
milk products-the IDF recommends a MPN technique (IDF, 1997b). 
A 9-tube battery of Giolitti and Cantoni broth is inoculated with 
three consecutive dilutions of the dried milk sample. After incubation 
at 37"C, tubes are subcultured to Baird-Parker agar. Presumptively 
positive colonies are subjected to the coagulase test. 

An international standard (IDF, 1998a) specifies a method for 
the detection of heat-stable DNase (thermonuclease) produced by 
coagulase-positive staphylocci in samples of milk or milk-based prod- 
ucts. The enzyme may be used as an indicator of staphylococcal growth 
to hazardous levels and the potential presence of staphylococcal 
enterotoxins. 

The enzyme is extracted by means of a procedure involving acidifi- 
cation, centrifugation, treatment of the supernatant with trichloroacetic 
acid, redissolving the resultant precipitate, heating the solution, and 
testing for thermonuclease activity in toluidine blue 0-DNA agar. A 
positive thermonuclease test indicates that coagulase-positive staphy- 
lococci have grown to levels of 10' or more cfug-'.This may imply toxic 
levels of enterotoxin, and testing for the presence of enterotoxin should 
be conducted. 

Staphylococcal enterotoxin detection techniques include a micro- 
slide gel double diffusion immunoassay and a radioimmunoassay 
technique described by Flowers et al. (1993). The latter technique is 
rapid and highly sensitive, whereas the former involves a long and com- 
plicated extraction and concentration procedure. 

An ELISA method, namely the TECRA staphylococcal enterotoxin 
visual immunoassay (SETVIA), has been designed for rapid detection 
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of staphylococcal enterotoxins in foods. The SETVIA was awarded 
AOAC first action approval in 1993. More recently the food extraction 
protocols have been simplified and sample preparation protocols have 
been improved. Benson et al. (1999) undertook a study to validate these 
changes and found the SETVIA to be a highly sensitive and specific 
test for staphylococcal enterotoxins. It gave results within approxi- 
mately 4h including 30min for the extraction. The microtiter plate 
assay may be read visually with the aid of the color comparison card 
provided. DNA hybridization assays and latex agglutination tests are 
also available for identifying enterotoxins in culture fluids (Ryser, 
1998). 

14.11.2.6 Bacillus cereus. Bacillus cereus is an aerobic spore- 
forming bacterium that is involved in food intoxification as a result of 
the production of two enterotoxins. The first is a diarrheal enterotoxin, 
and the second is an emetic enterotoxin (Ryser, 1998). Bacillus cereus 
is a common contaminant in the dairy environment and the raw milk 
supply and has also been involved in spoilage phenomena such as 
“sweet curdling” and “bitty cream” in milk. The ability of B. cereus to 
persist in powdered milk and to grow in the reconstituted product, as 
evidenced by a large outbreak in Chile involving newborne infants 
(Ryser, 1998), has led to the establishment of rigid international stan- 
dards for B. cereus in infant formulae (Becker et al., 1994). Most out- 
breaks of B. cereus poisoning have been traced to foods containing at 
least 10”cfug-’. Small numbers of surviving spores can, however, ger- 
minate and grow when milk or baby formulae are reconstituted and 
attain dangerous levels during storage (Ryser, 1998). 

A standard MPN technique is described for the enumeration of 
B. cereux in dried-milk-based infant food and dried milk products 
intended for use as ingredients of milk-based baby or infant foods and 
dietary foods (ID]:, 1998b). The three- by three-tube MPN method 
employs tryptone soya polymyxin broth. After inoculation and incu- 
bation the tubes are subcultured onto polymyxin pyruvate egg yolk 
mannitol bromothymol blue agar (PEMBA) or mannitol egg yolk 
polymyxin agar (MEPA). Identification of colonies is confirmed by bio- 
chemical and morphological tests, and a MPN count g-’ is read off from 
the statistical tables. 

To confirm that the suspect isolate is toxigenic, the strain should be 
tested for the diarrheal and emetic enterotoxin. A serologically based 
microslide gel double diffusion assay has been developed for the diar- 
rheal enterotoxin, with several fluorescence-based immunoblot and 
reverse passive latex agglutination assays also available commercially 
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(Ryser, 1998). Production of the emetic (mitochondrio) toxin can be 
detected by means of a recently developed sensitive bioassay known as 
the boar spermatozoa toxicity test (Andersson et al., 1998). 

74.77.2.7 Aflafoxin. Although mycotoxin production is not limited 
to aflatoxigenic molds (Ryser, 1998), only aflatoxin will be dealt 
with in this section. The aflatoxins are highly potent carcinogens pro- 
duced by certain strains of Aspergillus jlavus, A parasiticus, and 
A. nernius and is the primary mycotoxin of public health concern 
(Ryser, 1998). Four major forms of aflatoxin are currently recognized, 
namely, AFB1, AFB2, AFG1, and AFG2. AFBl is the most potent and is 
most often found in moldy peanuts and animal feeds containing corn 
(maize) and other grains. When cattle ingest contaminated feed, AFB, 
is metabolized to AFM, (MI), some of which is shed in the milk (Ryser, 
1998). Most countries today have legislation in place specifying the 
maximum levels of AFM, that are acceptable in fluid milk and dairy 
products. 

A provisional standard drafted by the IDF (IDF, 1995d) specifies 
a method for the determination of at least 0.008pg liter? in milk and 
0.08 pg kg-' in whole milk powder. The method is also applicable to fluid 
low-fat and skim milk and low-fat and skim milk powder. 

The principle of the method involves extraction of AFMl by passing 
the sample through an immunoaffinity column. The column contains 
specific antibodies immobilized on a solid support material. These anti- 
bodies bind any AFM, passing through the column. After washing the 
column to remove other sample components, AFMl is eluted from the 
column and the eluate collected. The amount of AFM, present is deter- 
mined by high-performance liquid chromatography. 

14.12 MICROBIOLOGICAL STANDARDS FOR 
DIFFERENT DAIRY PRODUCTS 

Limitations of poor-quality products and health protection form the 
basis for food standards. Legal and voluntary bacteriological standards 
vary widely from country to country. Luck and Gavron (1990) proposed 
certain limits that may be a useful tool to improve the quality of dairy 
products (Table 14.9). A product complies with the bacteriological 
specifications when at least four out of five portions or samples contain 
less than the maximum bacterial count specified. Legal action should 
only be taken when more than one out of the five samples exceeds the 
upper limit. 
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TABLE 14.9. Suggested Microbiological Standards for Different Dairy Products 

Product Test Count or Results" 

Raw milk intended 
for further 
processing 

Raw milk or raw 
cream for direct 
consumption 

Pasteurized market 
milk or pasteurized 
cream (after 
processing) 

Dried milk products 
(including casein 
and whey powder. 
ctc.) 

Ice cream 

Cultured milk 
products (including 
yogurt, cottage 
cheese. cultured 
milk. sour cream. 
etc.) 

Total bacterial count 
Total coliforni count 
Eschrrichirr coli (fecal type) 
Thermoduric count 
Spore-formers 
Bacillus cereii.7 (spores) 
Staphylococciis uureiis (coagulase- 

Methylene blue reduction time (at 

3-h Resazurin test (at 36°C 
Lovibond disc No. 419) 

Somatic cell count 
Total bacterial count 
Total coliform count 
E. coli (fecal type) 
Methylene blue reduction time (at 

.i-h Resazurin test (at 36°C 
Lovibond disc No. 419) 

S. oiireiis (coagulase-positive) 
Somatic cell count 
Total bacterial count 
Total coliforms 
E. coli (fecal type) 

positive) 

36°C) 

36°C) 

Total bacterial count 
Total coliforms 
E. coli (fecal type) 
S. uLireiis (coagulase-positive) 
Yeasts and molds 
Salmonellae (and other pathogens if 

required) 
Total bacterial count 
Total coliforms 
E'. coli (fecal type) 
S. U L I Y ~ I I . T  (coagulase-posi tive) 
Yeasts and molds 
Salmonellae (and other pathogens if  

required) 
Contaminating organisms (non-lactic 

acid bacteria) 
Total coliforms 
E. coli (fecal type) 
S. nureus (coagulase-positive) 
Yeasts and molds 
Salmonellae (and other pathogens if 

required) 

Not less than hh 

Not less than 4 h 

Not less than 4 h  

<10,000 (1000) ctu g-' 
110 ( I )  cfug-' 

< 10 cfu g-l 

Absent in 25g 
Absent in 25% 

Absent in 200 (500) cfug I 

<50,000 (5000) cfug 
<10 cfu g-1 

<10 cfu g-' 

Absent in 1 g 
Absent in l g  

Absent in 25 (100) g 

<10 (1) cfug-1 

<lo  (1 )  cfug I 

Absent in 1 g 
Absent in 1 g 

Absent in 15 (100) g 
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TABLE 14.9. Continued 

Product Test Count or Results" 

Sweetened condensed Total bacterial count 
milk Spore-formers 

Total coliforms 
Yeasts and molds 

acid bacteria) 
Total bacterial count (noncultured 

butter only) 
Total coliforms 
E. coli (fecal type) 
S. aiireus (coagulase-positive) 
Yeasts and molds 
Proteolytic organisms 
Lipolytic organisms 

E. coli (fecal type) 

Fecal streptococci 
S. nureus 
Yeasts and molds 
Other pathogens (if required) 

Butter Contaminating organisms (non-lactic 

Cheese (ripened- Total coliforms 
standards at 
1 month) Spore-formers 

4 0 0  cfu g-l 

<1 cfu g-' 
<1 cfug-1 
<10,000 (5000) cfug-' 

Absent in 1 g 

<50,000 cfu g-' 

<10 (1) cfug-' 

<10 cfu g-' 
<100cfug-l 
<50 cfu g-! 
<lo cfu g-1 

<10 (1) cfug-1 
<100cfug-' 

<lo (1) cfug 

Absent in 1 g 
Absent in 1 g 

Absent in 1 g 

Absent in 1 g 

Absent in 25 (100) g 

"Figures in parentheses mean standards that should be strived for. 

Source: Adapted from Luck and Gavron (1990). 

During recent years, the variation of counts in different samples has 
been taken into consideration, and the hygiene requirements are, for 
instance, often expressed as follows: Examine five (n)  samples of dried 
milk, and allow two (c) samples to exceed 50,000 bacteria g-' (m),  but 
none to exceed 200,000g-1 ( M )  or abbreviated: n = 5 ,  c = 2, rn = 50,000, 
M = 200,000. 

14.13 
OF RESULTS 

RELEVANCE OF TECHNIQUES AND INTERPRETATION 

No single laboratory test performed on a food product can produce the 
full information that is required. No bacteriological test yet evolved is 
above criticism. There is no "best" test, and yet often much money is 
wasted on elaborate tests for which fictitious accuracy are claimed. It 
is now recognized that regular testing is of far greater importance and 
that any test that is better than mere haphazard classification will con- 
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tribute to an improvement in quality. The real value of a test is whether 
it can detect products of unsatisfactory quality, and in this way make a 
contribution to improving production hygiene. It is, therefore, not nec- 
essary that a test should give an absolute measure of the quality, nor 
need it be in complete agreement with the results of other tests (Luck 
and Gavron, 1990). 

Because none of the different methods employed to determine a 
specified bacterial content yield exactly the same result, one test cannot 
be automatically substituted for another. Two different tests can be 
compared statistically in order to arrive at comparable standards, but 
not necessarily to determine their value. The only conditions of a suit- 
able test are as follows: 

1. There must be a significant correlation between the results of the 

2. The operator must be fully informed on how to obtain this quality. 
test and the quality required. 

Due to the error inherent in a single bacterial count-for example, 
limitations of the particular bacterial counthest, seasonal and local 
variation of the microflora, day-to-day variation of the bacterial 
count, and counting only colony-forming units or clumps instead of 
individual bacteria-only approximately fivefold differences in plate 
counts can be regarded as significant when grading dairy products. 
Hence the quality categories have to be established in such a way 
that the differences between bacterial counts are large enough to be 
significant. The realization of this fact led to the development of 
rapid screening procedures to meet the requirements of the dairy 
industry. 

Quality control is planned and introduced by management, but dia- 
grams indicating real or anticipated quality levels should, however, 
concern not only the management but also the operators. One opera- 
tor should be responsible for a specific machine or a specific process, 
and the relevant diagrams can take the form of control charts showing. 
on the horizontal axis, the sequence of sample or the date of manufac- 
ture and, on the vertical axis, the quality characteristics (shelf life, log 
bacterial count, etc.). A line can represent, for instance, the expected 
average log bacterial count of a product; above this line the upper limit 
line is drawn, such that only 1 in 20 of the plotted points should lie 
outside this line (Luck and Gavron, 1990). 

For shelf-life tests, a lower limit line is drawn. The number of points 
outside the limit lines indicates whether the process has been altered 
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in some way; and they are, therefore, essentially indicators of a need 
for corrective action. 

It is often necessary to summarize results or to calculate mean 
counts. When there is a small variation in the bacterial counts of dif- 
ferent samples, or when the counts are low, the arithmetic mean of the 
bacterial counts may be calculated. When there are, however, large vari- 
ations between counts, and the counts are high, the geometric mean 
(logarithmic average) should be used (geometric mean = arithmetic 
mean of the log count, which is subsequently transformed into a bac- 
terial count again). When the plate count method supplies positive 
results, more emphasis should be attached to this method than to the 
most probable number test, because the repeatability of the plate count 
method is better than that of the MPN values (Luck and Gavron, 1990). 
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Absolute sterility, 180 
Acetaldehyde, in yogurt, 395 
Acetic acid bacteria, 408 
Acetobacter aceti, 408 
Acetobacter rasens, 408 
Achromobacter, 48,108,152,153,497, 

Acid-coagulated soft cheeses, 480485 
Acid curd formation, 494 
Acid development, 19 
Acid-heat coagulation, unripened soft 

cheeses manufactured by, 487489 
Acidification, of milk, 32-33 
Acidified boiling water (ABW) process, 

Acidified milk, casein particles in, 33 
Acidophilin, 329 
Acidophiline, 41 9 
Acidophilus-yeast milk, 419 
Acid-tolerant microorganisms, 543-544 
Acinetobacter, 108, 153 
Acineto bacter-moraxella, 48 
ActinomyceJ, 57 
Action plans, corrective, 609 
Activity tests, of yogurt starter, 386 
Actual shelf life, determining, 706 
Added ingredients, influence on milk 

Adenosine triphosphate (ATF), 580 
Adenosine triphosphate (ATP) 

bioluminescence, 701-703 
Adhesive (sticky) tape method, 668 
Aerobacter, 49 
Aerobic mesophilic microorganisms, in 

Aerobic plate counts (APCs), 238 
Aerobic spores, in cream, 155-156 
Aerornonas, 48, 108, 153 

504 

72 

products, 11 3-1 16 

fresh milk, 44 

Aerornonas hydrophila, 402 
Aerosols, 2.51 
Aflatoxin, detecting, 721 
Agar, 403 
Agar contact plate methods, 667468 
Agar flooding method, 667 
Agar slice methods, 667-668 
Age gelation, 109 
Air 

monitoring of, 403 
as a source of contamination, 247 
as a source of microbial 

contamination, 65 
Airag, 417 
Airborne contamination, 563-565 
Airborne counts, standards for, 659, 

Airborne microorganisms 
660 

control of, 656460 
in the outdoor environment, 658 
sources and routes of, 657 

Air filters, 251,658-659 
Air flow barriers, 659 
Air quality, 656 
Air samplers, 660 
Air sampling methods, 659-660 
Alcaligenes, 48, 104, 153,497, 504 
Alcaligenes tolerans, 46, 193 
Alcaligenes vix-oluctis, 504 
Alcohol dehydrogenase, 497 
Alcohol test, 706 
Alkaline phosphatase (ALP), 100 
Alkaline phosphatase (ALP) test, 131 
a-caseins, 5 ,6  
a-lactalbumin, 9 

Alternaria, 168 
Alternate day (AD) collection, 82 

denaturation of, 26,31 

737 
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Anicrican Dairy Products Institute 

American Dry Milk Institute standards, 

American Public Health Association, 

American Public Health Association 

Ammix process, 22, 163 
Anaerobic bacteria, counting spores of. 

Anaerobic spores, in cream, 155 
Anhydrous milk fat (AMF). 22.223 
Animal studies, 451 
Animal vectors, 566-569 
Antibacterial systems, in milk, 59-60 
Aiilibiotic-associated diarrhea (AAD),  

445 
Antibiotic residues, in milk, 325-326 
Antibiotics, 444 

(ADPI). 200 

205 

693,694,706 

standard method, 692 

695 

For bovine mastitis, 53 
fermeiitation and, 400 

Antibodies, to pathogenic bacteria, 58 
Antimicrobial systems, in milk, 58-60 
"Artisanal" starters, 292-293 
Art o,f Prcprring Ice Cream, The, 214 
Arrhrohcrcter, 48, 101. 103 
Aseptic packaging. 670-671 

of UHT products. 181 
Aspartame, 224,227 
A.spc,rgillris. 168. 187, 198, 205, 402 
A.~pergillrr.s f lcri ,rt .s,  403 
Aspergillirs oryzae, 283 
Asporogenous gram-positive rods, 44, 45, 

Assessment. Sce also Direct assessment 
of dairy equipment hygiene, 663-669 
of microbial content of milk, 681-696 
o f  microbial content of milk and milk 

77 

products, 697-705 

Chcmists, 206. 689 

394-395 

Association of Official Analytical 

Associative interactions. in yogurt. 

ATAD friction process, 137 
ATP bioluminescence system, 580 
Atti-ibute sampling, 679 
Audits, 649,65 1 
Autolytic activity. S23--S2S 

Automatic fluorescent microscopic count 
of bacteria (Bactoscan XOOO), 
684-685 

344 
Automatic inoculation system (AISY), 

Automatic sampling systems, 676-678 

Bacillus, 48,84, 102, 103, 107, 110, 1 15, 

Bncillic\ ( e r t u ,  v, 46,48,57,58,64, 101, 
153,183,505 

103. 110,116,146, 155,168,204, 
244,245 

control of, 640-643 
detecting. 720-721 

Bacilliis circrilany, 48, 64, 101, 103 
BucrllicJ conguluns, 48. 155, 183 
Bacrlliis Jirnzii~, 64 
Bacilliis licIzetziformr~, 46, 64, 101, 155 
Bac rllu,  megateriuni, 183 
R u ~ i l l i i ~  melrtetisi~, 56 
Racrlliis polyinyxa. 103. SO6 
BncillrcJ piimrli i~.  48, 64. 155 
Bnc i l l i i~  spore content, 46 
Bacrllro spores, 65 
Rucrllii~ FporodiermoniirLirir, 155 
Rrrcillirs stearothernzopkilir(, 138, 155. 

Bacillris \rib1111~, 48, 64, 101, 136, 138, 155. 

Batrlliis ~ i s .  56 
"Bxkground" count, 579 
Rxter ia  

181,183 

181, 183,441 

colifoim, 49 
in cream, 153 
ettect of f r e e m g  on, 110. 214 
enumerating, 552 
lactic acid, 296-3 15 

oxidase-positive, 154 
proteolytic, 693-694 
paychrotrophic. 691-693 
in raw milk, 50-65 
spoi e-forming, 110 
in  stoied milk. 84-85 
theimoduric, 694-695 

Iipolytic, 693-694 

Bacteria counts, 551 
Bacterin surface "smear"-i ipened soft 

Bxterial biofilms, 657 Jee nlco Biofilm 
cheese\, 491 
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Bacterial contamination, of yogurt 

Bacterial count, 40 

Bacterial multiplication, in stored milk, 

Bacterial protease enzymes, 85 
Bacterial species, in dairy starter 

Bacterial starter cultures, 345-346. See 

starter, 386-387 

milking equipment and, 69 

79-8 1 

cultures, 274-285 

also Lactic starter cultures; Starter 
cultures 

Bacteriological Analytical Manual, 715 
Bacteriological control, in ice cream 

Bacteriological tests, 723-724 
for faults in cream, 152 

Bacteriophage (phage), 295-296 
in starter cultures, 326-328,499-500 

Bacteriophage control systems, 337-342 
Bacterium lucticiu longi, 374 
Bactoscan 8000 method, 684-685 
Bactoscan FC method, 685 
Baird-Parker medium, 203 
Baker’s cheese, 483-484 
Balance tanks, 197 
Band payment categories, 41-42 
Barrier hygiene, 598-600 
Batch freezer, 232 
Batch heat treatment vats, 251 
Batch pasteurized milk, 100 
Beaufort cheese, 532,536,537 
Bedding, bacterial counts of, 60 
Bennett, Rodney J., 1 
Beresford, Thomas P., 515 
“Best before” indication, 220 
Betahacterrum, 27 1 
p-casein, 5 ,  h 
0-galactosidase, 443,498,499 
P-lactoglobulin, 9 
P-lactoglobulin aggregates, 28 
P-lactoglobulin denaturation, 28 
Bifidobucteriu, 272,431,432,433-435, 

manufacture, 252-255 

439,453,457,462 
characteristics of, 277 
in starter cultures, 274-276 

Bifidobucterium anin?alis, 278 
Bifidobacteriuni hifidum, 228, 306 
Bifirlohacterium bifidum cultures, 443 

Bifidobacterium breve, 445, 462 
Bifidobacterium culture, 458 
Bifidohacterium infantis, 278 
Bifidohacterium lactis, 306 
Bifidobacterium longum, 278,443,449 
Bifidocin, 329 
“Bifidum shunt,” 276,435 
Bile salt hydrolase (BSH) activity, 447 
Bintsis, Thomas, 213 
“Bio”-fermented milk products, 291 
Bio species, enumeration of, 346 
Biofilm, 49,69,75,104,252 

formation on dairy equipment 
surfaces, 664-665 

Bioluminescence principle, 702 
Biosecurity, 50-65 
“Bio” starter cultures, 345 
Birds, denying access to, 568 
Bitterness, in cream, 152 
“Bitty cream,” 103, 155,720 
“Blanket of steam,” 333 
Blue cheeses, 541,542 
Blue mold, 283,320,321 
Boor, Kathryn J., 91 
“Botulinum cook,” 155 
Botulism, 509. See also Clostridium 

hotirlinuni 
Bovine mastitis, reducing the incidence 

of, 53 
Bovine milk 

lipid composition of, 3 
proteins in, 5 , 6  

Bovine milk fat, fatty add constituents 

Bovine serum albumin (BSA), 9 
Bovine spongiform encephalitis (BSE), 

Brain heart infusion (BHI) broth, 701 
Breed microscopic count, 681 
Breed smear technique, 384 
Brevihacteria 

of, 4 

112 

characteristics of, 280 
in starter cultures, 281 

Brevibacterium linens, 491,502,532,538 
Brick cheese, 501, 506 
Brie cheese, 489,491,507,508 
Brilliant green bile broth, 205 
Brined cheeses, 543 
Brines, 542 
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Britain, bulk collection of milk in, 129 
British herds, mastitis in, 52 
British standard 4285,252,254 
British standards code, 251 
British Standards Institution (BSI). 

British territorial cheeses, 520 
Rriicrlla ahortirs, 56 
Brucellosis, 56 
Bucket machines, 71 
Bucket milking equipment, 

Bucket milking machines, 77 
Bulgarian bacillus, 392 
Bulgarian buttermilk, 376 
Bulk butter, I66 
Bulk concentrated milk, 176-1 78 
Bulk milk collection, 79 
Bulk starter, cultivation tank for, 336 
Bulk starter cultures, 265 

77-78 

contamination in, 75 

costing of, 342-343 

growth medium and, 342-343 
production systems for, 331-345 

DVI, 343-345 

Bulk starter milk, heat treatment of, 326 
Bulk starters, 295 

Bulk starter tanks, 335 
Bulk tank milk 

kefii-, 41 2-413 

bacterial counts of, 61-62 
examination of, 54-55 

Bulk tankers, construction standards for, 

Butter 
78 

batch churning of, 159-161 
food poisoning from, 169-170 
manufacture of, 22 
microbiological associations in, 

microbiological quality of, 246 
microbiology of. 157-170 
production of, 125 
recombined, 163-1 64 
reduced-fat, 167-168 
reworking, 166-167 
ripened, 164-166 
unsalted sweet cream, 169 

Butter making, 157-159 
continuous, 161-164 

1h8--169 

Butter oil, 246 
Butter producing operations, 158 
Buttermilk, 22,160 

Bulgarian, 376 
cultured, 373-374 
lactic, 165 
traditional (natural), 373 

"Buttermilk plant," 409 
Buttermilk powder, 222 
Butterwort, 374 

Cabinets, 388 
Calcium binding, 6 
Calcium citrate agar, 553 
Calcium-casein interactions, 136 
Camembert cheese, 489-490,501,506, 

508 
SEM studies of, 541 
surface changes in, 540 

Campden and Chorleywood Food 
Research Association, 61 9 

Canipylohacter, 57,401,561,715 

Canzpylohacter coli/jejuni, 57 
Campylohacter infections, 201 
Cnnipylohacter jejuni, 71 6 
Can collection, 78 
Cancer, gastric, 446. See also 

Carcinogenesis; 
Chemopreventative effects 

detecting, 716-717 

Carididu, 503 
Cundidu nlbicans. 452 
Cundida kqfyr, 285,409,418 
Caririidn pseirdotropicalis, 155, 489- 

Candida utilis, 281 
Canciidu vnlidu, 285 
Canned cream, 138-139 
Carbohydrate utilization, 275 
Carbon dioxide (CO,), 529 
Carbon dioxide addition, 117 
Carbonyl compounds, 304 
Carcinogenesis, DNA damage and, 

Carotenoids, 532 
Carrageenan-based desserts, 142 
Cartons, hygienic quality of, 140. See a h  

Casein micelle "hot spots," 34 

490 

448-449 

Packaging 
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Casein micelles, 5-9,21,25,28,31,33, 

Casein products, 18,21-22 
Caseins, 5-9 

2 92 

secondary and tertiary structure of, 7 
structures of, 6 

Cassata, 216 
Catalase, 713 
Catalase production, 699-700 
Catalase reaction, 387 
“Causido” culture, 459 
Caustic-based detergent, 73 
CCP, 33. See also Colloidal calcium 

phosphate (CCP) 
critical limits for, 643 
determining, 619-643 
monitoring system for, 643 

CCP decision tree, 619,620 
Ceilings 

contamination and, 572-573 
standards for, 659 

Cell concentration systems, 318-320 
Cell counting procedures, 681-685 
Cell-recycle bioreactors, 31 9-320 
Cellulose acetate membranes, 188, 189 
Cellulose sponge swab method, 666 
Centrifugal separation, 11,16,22 
Centriwhey process, 484,485 
Chambers, James V., 39 
Cheddar cheese, 517,545,547,550,556, 

613 
control of salmonella in, 633-640 
generic flow diagram for the 

manufacture of, 634 
involvement of yeast in, 543 
lactose metabolism in, 521-522 
salmonella outbreaks and, 640 

Cheddar cheese flavor, role of NSLAB 

Chcddar-type cheeses, 289 
Cheese. See also Cheeses 

acceleration of ripening in, 556-557 
bitter flavor in, 290,291 
factors influencing microorganism 

flavor development during ripening of, 

microbial flora of, 528 
microbiological analysis of, 551-554 

in, 529 

growth in, 544-548 

554-555 

microorganisms found in, 518 
pathogens in, 549-550 

salt concentration in, 545 
source of NSLAB in, 527 
spoilage of, 548 

pH Of, 522-523 

Cheese cultures, maintaining, 298 
Cheese manufacture, 19-20 
Cheese products, 19 

fermented, 262 
Cheese ripening. 516 
Cheese starter cultures, 288,297,301,338 
Cheese whey, 339 
Cheese-borne listeriosis, 507 
Cheese-making, acid production during, 

Cheeses. See also Hard cheeses; Soft 
51 9-520 

cheese 
classification of, 479 
mold-ripened, 538-543 
raw milk, 550-551 
smear-ripened, 535-543 
world production of, 264 

Chemical cleaning, 665 
Chemical taint, 150 
Chemopreventative effects, 448450 
Chemotaxonomy, 533 
Cheshire cheese, 520 
Chigo, 417,418 
Chill chain, 149 
Chilling process, 17 
“Chlorine fogs,” 564 
Chocolate milk, 114,115 
Chocolate, 227,231 
Cholesterol, reduction of, 446448 
Chromobacterium, 48 
Churns, wooden, 159 
CIP jets, 196 
CIP process, 74. See also Cleaning-in- 

place (CIP) 
Citratase, 497 
Citrate azide agar, 696 
Citrate, 496 
Citric acid, pH and, 504 
Citrobacter freundii, 105 
Cludosporium, 168 
“Clean as you go” policy, 579 
Cleaning 

of evaporators, 195-196 
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mechanical. 74 
strategy for, 571-572 

Cleaning and sanitizing programs, 104 
Cleaning cycle, 578-579 
Cleaning protocols, 71 
Cleaning regime, 575 
Cleaning solutions, temperatures of, 76 
Cleaning-in-place (CIP), 229,335, 

575-577. See aOo CIP process 
Cleaning-in-place (CIP) protocol, 71-73 
Cleaning-in-place (CIP) system, 144 
Clostridium, 47,101, 110,183, 198,708 
Clostritliunz botulinum, 96, 97, 1 10, 155, 

Clostridium dificile, 445 
Clostridiunz perfringens, 57, 58, 110 
Clostridium tyrobutyricum, 47, 64, 548 
Clothing, high-risk, 599 
Clot-on-boiling test, 706 
Clotted creams, 126, 135-136 
Coagulation, of milk, 33-35 
Cockroach control, 569 
Cocoa formulations, 114 
Coconut, desiccated, 246 
Code of Hygienic Practice for Dried 

Codex Alimentarius Commission 

Codex Alimentarius Commission 

Cogan,Timothy M., 515 
Cold sterilization process, 60 
Cold-shock proteins (CSP), 310 
“Cold wall” tanks, 74 
Coliform bacteria, 49. See also Coliforms 

detecting, 714 
Coliform counts, 63 

standards for, 243 
Coliform organisms, colony count 

Coliforms, 81. 105,401,580 
Collection tankers, 83 
Collins, J. Kevin, 431 
Colloidal calcium phosphate (CCP), 7. 

Colony count. time needed to obtain, 

Colony count technique, 200-201 
Colony count test, 139 

402,509 

Milk, 205 

(CAC), 205,601-602,605,645 

publication, 607 

method for, 253-254 

See also CCP entries 

200 

Colony-forming units (CFUs), 563 
Color additives, 247 

in ice cream, 227 
Colostrum, 2 
Commercial sterility, 180 
Compressed air, 659 
ComtC cheese, 527,532,536,537 
Concentrated fermented milk products, 

Concentrated freeze-dried cultures 

Concentrated milk, 30-31,176-178 
Concentrated yogurt, 404406 
Concentration processes, 13-16,19 
Condensed yogurt, 368 
Consumer complaints, review of, 644 
Contact time, between solution and 

Contaminant molds, 501 
Contaminants, detection of, 346 
Contaminating organisms, 691 
Contamination. See also Working 

405 

(CFDC), 309 

equipment, 578 

environment 
human, 249 
postpasteurization, 112-1 13 
psychrotrophic, 504 
sources of, 561-562 

Continuous butter reworking systems, 

Continuous freezer, 214 
Continuous-operation plate heat 

exchangers, 247 
Control measures, identification of, 619 
“Cooked taints.” 132 
Cooking temperatures, for cheeses, 520 
Cooling 

166 

of starter culture, 298 
of yogurt, 389 

Cooling conditions, for raw milk, 98-99 
Cooling systems, water used in, 662- 

Corrective action plan, establishing, 644 
Corynebacterium, 103,153 
Corynebacterium bovis, 52,56 
Corynebucterium pyogenes, 55,56 
Coryneform bacteria, 532-534 
Coryneform taxa, differential 

Costing, of bulk starter cultures, 342-343 

663 

characteristics of, 534 
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Cottage cheese, 480-483 

Coxiella burnetii, 57,94,100,110 
Cream. See also Cream distribution; 

manufacture of, 503-504 

Whipped cream 
bacteria causing taints in, 153 
bulk quantities of, 140 
clotted, 135-136 
cooling of heat-treated, 140-141 
cultured, 374-375 
farm-produced, 126-127 
fat standards for, 125 
food poisoning from, 156-157 
frozen, 141-142 
heat treatment of, 131-139 
homogenization of, 130-131 
manufacture of, 127-128 
microbiology of, 123-157 
microorganisms causing defects in, 

organisms found in, 152-153 
packaging, 139-140 
pasteurized, 24 
separation of, 129 
shelf life of, 145-150 
sterilized, 138-139 
taints in, 150-152 

Cream aging tanks, 160 
Cream cheese, 483484 
Cream distribution, microbiological 

Cream equipment, in-line testing of, 

Cream fermentation, for ripened butter 

Cream ices, 214 
Cream processing, hygienic control in, 

Cream processing technology, 128 
Cream products, 22 
Cream standardization, 129 

Cream-based desserts, 142-143 
Creamed cottage cheese, 482 
Creameries, butter making in, 159 
Creatine test, 346 
Critical control points (CCPs), 323,608, 

Crohn’s disease, 11 1 

152-1 56 

problems in, 148-150 

144-145 

production, 164-1 65 

143-144 

microbiological problems of, 130 

643 

Cryogenic compounds, 307-308 
Cryoprotectan ts, 31 2 
Cryoprotective agents, 301-303 
Cryoprotective compounds, 3 11 
Cryotolerance, 313 
Cryptococcus neoformans, 57 
Cryptosporidium, v, 565 
Crystallization process, 12-13 
CT-2000 S.S. equipment, 340 
Culture concentrate, 166 
Culture transfer, 333-334 
Cultured buttermilk, 373-374 
Cultured cream, 374-375 
Cultures, probiotic, 439441 
Curd, 519 
Custards, 215 

Dairy breeds, 2 
Dairy desserts, 142-143 

control of B. cereus in, 640-643 
generic flow diagram for the 

manufacture of, 641 
Dairy equipment hygiene, assessment of, 

663469 
Dairy equipment surfaces, biofilm 

formation on, 664-665 
Dairy ice cream, 221 
Dairy industry, v 

certificate courses for, 582 
quality control in, 655-725 

Dairy plants, control of airborne 
microorganisms in, 656-660 

Dairy powders, spray-dried probiotic, 
460-461 

Dairy products. See also Probiotic dairy 
products 

frozen, 243-245 
microbiological standards for, 721-723 
recalls of, 238-239 
use instructions for, 614 

Dairy Products (Hygiene) Regulations 

Dairy Products Institute standards, 205 
Dairy Research Institute, 288,289 
Dairy starter cultures. See Starter 

Deacidification, 535-536,546 
“Dead vat,” 499 
Debaryomyces kansenii, 281,490,543 

of 1995,220 

cultures 
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Debelak Technical System, 339 
DEFT microscopic count, 707. See also 

Direct epifluorescent filter 
technique (DEFT) 

Dehydration process. 17 
Dehydrogenase activity. 698 
Denaturation of whey proteins, 

Density controllers, in-line, 195 
Desserts 

assessing, 27 

control of B. cereiis in, 640-643 
crcam-based, 142-143 
multicomponent. 143 

Detergent residues, in starter cultures, 

Detergent solutions, 72 
Detergentisterilant solution, 

Detergents, selecting, 575 
Dewheying screen. 15 
Dextrose equivalent (DE) number, 224 
Dextrose, 224 
Diabetic ice cream, 224 
Diacetyl, 496 
Diacetylactis, 164. 165 
Diarrhea. forms of, 715 
Diarrhea-related illnesses, 444-446 
Diffusion culture techniques, 318 
Direct assessment, of microbial content 

328 

concentration of, 577 

of milk and milk products, 
681-696. See also Indirect 
assessment 

Direct epifluorescent filter technique 
(DEFT), 200,403,672,681-684. See 
nl.vo DEFT microscopic count 

Direct heating systems, 97 
"Direct" methods, 681 
Direct microscopic count (DMC), 681 
Direct plating method, 673 
Direct-to-vat inoculation (DVI), 296,387 
Direct-to-vat inoculation (DVI) starter 

cultures, 264. See also DVI starter 
cultures 

Disaccharides, 465 
Disease, food-borne, 585. See also Food- 

Disease outbreaks, v 
history of, 236-237 
recent, 237-238 

borne disease 

Disease transfer, insects and, 568-569 
Disinfectant "mists," 564 
Disinfectant residues, in starter cultures, 

Disinfecting solutions, temperatures of, 

Disintegration method, 671-672 
Distribution conditions, 614 
Disulfide bridges, 29 
D-lactate, 528 
DNA probes, 533 
Documentation, establishing, 645-648 
Documentation control, under I S 0  9000, 

Domiati cheese, 493-494,503 
Double pasteurization, 137 
Dried culture, rehydration of. 306 
Dried milk powders 

328 

76 

6 4 5 - 6 4 7 

manufacturing processes for, 190-1 93 
production of. 189-1 90 

examination of, 198-205 
microflora of, 198-205 
product specifications and standard 

Dried starter cultures, 298-309. See also 

Dried yogurt, 407 
Drinking water, standards for, 661 
Drinking yogurt, 404 
Dry rehydratable film method, 668.689 
Drying procedures, alternative, 192-1 93 
Drying process, 14-16 
Dutch cheeses, 547 
DVI bulk starter cultures, inoculation 

DVI starter cultures, 344 

Dried milks 

methods for, 205-206 

Starter cultures 

systems for, 343-345 

microbiological specifications for, 
347 

Dye reduction method. 697-698 

E. agglomerans, 105 
E. coli, 49. See also Escherichia coli 
E. coli mastitis, 55 
E. coli udder infection, 57 
E. zakazakii, 105 
Edam cheese, 520,547 

Electrical impedance, 701 
Eggs, 246-247 
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Electronic counting, of microcolonies, 

ELISA methods, 718,719 
Embden-Meyerhof-Parnas (EMP) 

Emerging pathogens, 201,402 
Emmenthal cheese, 293,520,527, 

Emulsifiers, 246 
Emulsifying agents, 225-226 
Engineers, 61 1 
England and Wales, average percentage 

Enterobacter, 49,117 
Enterobacter cloacae, 10.5 
Enterobucter faecalis, 46, 531 
Enterobacter faecium, 447,531 
Enterobacter malodoratus, 531 
Enterobacteria, 104-105,154,244,254 

Enterococcal probiotic strains, 441 
Enterococci, 433,531-532,696 

Enterococcus, 101,103,168,272, 

in starter cultures, 276-279 

685-686 

pathway, 393 

529-530,546,547 

of producers in, 42 

detecting, 714 

characteristics of, 277 

435436,458 

Enterococcus durans, 276 
Enterococcus faecalis, 146,204,276,435 
Enterococcus faecium, 204,276,432,435 
Enterotoxins, 57, 179,499 

Environmental contamination, 562-569 
Environmental pollution, in milk, 

329-330 
Environmental sources, of milk 

contamination, 65-66 
Enzymatic activity, in heat-treated 

market milks, 98-110 
Enzymes 

diarrheal and emetic, 720 

encapsulation of, 556 
milk quality and, 100 

Equipment. See also Equipment hygiene; 
Sampling equipment 

bacteria remaining in, 67 
cleaning and disinfecting, 250,251, 

573-581,621 
contamination from, 254 
cream, 144-145 
examination of, 504 

Equipment hygiene, 249 
Equipment rinses, 69 
Equipment swabs, 255 
Escherichia coli, v, 46,52,53,56,112,156, 

201,205,244,253-254,508,549, 
565,593 

detecting, 714 
Europe, ice cream consumption in, 217 
European Committee for 

Standardisation, 574 
European Community Coordinated 

Food Control Programme 
(ECCFCP), 238 

European Community Directive on the 
Hygiene of Foodstuffs, 605 

European Economic Community (EEC) 
health rules, 108 

European Parliament and Council 
Regulation Proposals on the 
Hygiene of Foodstuffs, 606 

European yogurt market, 459 
Evaporated milk, 30-31,178-183 
Evaporated Milk Association, 178 
Evaporation plants, 190 
Evaporation process, 13,194-1 96 
Evaporator design, 194 
Evaporators, 15 

Exo-enzymes, 99 
Exogenous enzymes, 557 
Exopolysaccharide (EPS), 267 
Exposure assessment, 603 
Extended shelf-life (ESL) milk, 95-96 
Extended shelf life (ESL) products, 96 
Exterior udder, microflora of, 60-65 
External pH control, 339 
Extra grade dried milk, 200 
Extracellular polysaccharides (EPS), 395 

cleaning and sanitizing of, 196 

Facultative heterofermentative 
lactobacilli, 271 

Farkye, Nana Y.,  479 
Farm bulk milk tanks, contamination in, 

Farm tanks, refrigerated, 73-74 
Farmhouse butter making, 159 
Farmhouse pasteurization, 126 
Farm-produced cream, taints found in, 

73-75 

127 
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Fat globules, heating changes in, 29 
Fats, as ingredients, 223 
Fatty acids. in milk, 4 
Fecal recovery, 454 
Federal Dairy Research Institute, 293 
Fermentation. See also Fermentations 

origins of. 367-368 
preservation by, 261-262 
spontaneous, 375 

in the manufacture of yogurt, 387-389 

lactic, 369-407 
mesophilic, 373-376 
mold-lactic, 419-421 
thermophilic, 376-407 
yeast-lactic, 407419 

Fermented milks 

457 

Fermentation tanks, 388 

Fermentations 

Fermented milk beverages, 419. See also 

Fermented milk products, 18,19-20,456, 

categories of, 372 
classification of, 370 
miscellaneous, 375-376 
new. 34s 

Fermented milks, 368-369 
manufacturing stages of, 371 
microbiology of, 367-421 
microflora of, 372-373 
probiotic, 457-458 
world production of, 265 

Feta cheese. 491-493. 503 
manufacture of,  493 

Filtermat drying system, 192-193 
Filters, air. 658-659 
Filtration process, 13 
Fitzgerald. Gerald, 431 
Flactococcns lactis. 156 
“Flash method” pasteurization, 94 
“Flat-sour” bacilli, 181, 183 
~ ~ ~ ~ ~ i n h n c r c , u i i i n i ,  48, 104, 108, 504 
Flavor development, during cheese 

ripening, 554-55.5 
Flavored milk products, 113-116 
Flavoring materials, 226-227 
Floating curd. 482 
Float process, 135 
Flocculation, 226 
Flour drains. 572 

Floors, contamination and, 570-572 
Flora, secondary, 525-535 
Flow cytometry, 685 
Flow diagram, 61 5-616.61 9,620 

generic. 622 
on-site confirmation of, 616 

Fluid beds, 191-192 
Fluid milk products, 18, 19 
Fluid yogurt, 404 
“Fogging,” 564-565 
Food 

contaminated, 568 
hygienic quality of, 655 
protecting, 582-583 

Food contamination, general protection 
from. 584-585 

Food handler training, 582 
Food Labelling Regulations 1996,219, 

Food poisoning, 236 
220 

Bacillus cereus, 204 
from butter, 169-170 
from cream, 156-157 

Food poisoning outbreaks, 249,712 
Food product shelf life, 98 
Food products 

quality of, 98 
shelf life of, 98-1 10 

Food safety objectives, 604 
Food safety requirements, 618 

Food safetyiquality audits, 651 
Food Standards (Ice Cream) 

Food systems, probiotic survival in, 

Food-borne campylobacteriosis 

Food-borne disease, 585,655 
ice cream as a cause of. 236-238 

Food-borne pathogens, stressed, 712- 

Footwear. protective, 584 
Form-fill-seal machine, 390,391 
Fourier-transformed infrared (FT-IR) 

spectroscopy, 7 I7 
Fractionation, 11-13 
Fractionation processes, 19 
Frappes, 2 I5 

manufacturers’, 605 

Regulations 1967,219 

46 1-464 

outbreaks, 71 6 

713 
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Free calcium ions, 337 
Freeze concentration, 13-14 
Freeze-dried kefir starter cultures, 413 
Freeze-dried probiotic powders, 460- 

Freeze-dried starter cultures, 301 
Freezers, cleaning and disinfecting, 

Freezing 

46 1 

250-25 1 

effect on bacteria, 234 
process of, 17 

French ice cream, 215 
Fresh milk, aerobic mesophilic 

Fritz process butter making, 161-162. 

Fromage blanc, 485 
Frozen bulk butter, 166 
Frozen cream, 141-142 
Frozen dairy products 

microorganisms in, 44 

165 

microbiological criteria for, 242 
microbiological quality of, 243-245 
recalls of, 239 

Frozen desserts 
classification of, 2 14-21 7 
composition of, 217-219 
ingredients in, 222-227 
legislation concerning, 217-221 
sales of, 217 

Frozen starter cultures, 309-314 
Frozen yogurt, 216,406 
Fructooligosaccharides (FOS), 449,464 
Fruit yogurts, 368 
Fruits 

canned, 246 
as flavorings, 227 

“Functional foods,” 454 
Fussell, Jacob, 214 

Gaio, 459 
Galactose-fermenting yeast, 418 
y-caseins, 5,6 
Gardiner, Gillian E., 431 
Garments, protective, 584-585 
Gatt Sanitary and Phytosanitary (SPS) 

GEA Finnah “form-fill-seal’’ machine. 

Gelatin, 225 

agreement, 602 

390,391 

General Principles of Food Hygiene 
documents, 598,602 

Generally regarded as safe (GRAS) 
status, 433 

Generic flow diagram 
for cheddar cheese manufacture, 634 
for the manufacture of a dairy dessert. 

641 
Geotrichum, 168 
Geotrichum candidurn, 127,168,283,294, 

321,408,419,420,489,502-503, 
536,543 

Glucono-6-lactone (GDL), 32 
Glucose syrups, 224 
Glyceryl monostearate (GMS), 226 
Glycolysis, 554 
Glycomacropeptide (GMP), 34 
Glycoproteins, 5 
GNRs, 81,85. See also Gram-negative 

Goat milk, 491 
Good hygiene practice (GHP), 598,646 
Good hygienic practice guidelines, 649 
Good manufacturing practice (GMP), 

143,598,656 
Gorgonzola cheese, 282,320 
Gouda cheese, 520,547 
Grade A pasteurized milk ordinance, 

Grade A raw milk, 41 
Grade A regulations, 84 
Gram-negative bacteria, 101 
Gram-negative coliform bacteria, 105 
Gram-negative endotoxins, 703-705 
Gram-negative organisms, 153 
Gram-negative psychrotrophs, 48,99, 505 
Gram-negative rods (GNRs), 41,44,48, 

Gram-negative spoilage organisms, 104, 

Gram’s stain, 345 
Grana, 524 
Growth compounds, 307-308 
Growth medium, for bulk starter 

cultures, 342-343 
Gruyere cheese, 527,532,536 
Guar gum, 225 
Gut-associated lymphoid tissue (GALT), 

rods (GNRs) 

94 

99. See al.so GNRs 

69 1 

450-45 1 
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HACCP. See also Hazard analysis critical 
control points (HACCP) 

benefits of, 607-608 
implementing, 652 

HACCP flow diagram, 324 
HACCP Guidelines and Principles for 

the Establishment and Application 
of Microbiological Criteria for 
Foods, 602 

review of. 64X-649 
for salmonella management, 624-632, 

verification of, 644-645 

HACCP plan 

636-639 

HACCP studies, scope of, 609-610 
HACCP study notes, 647-648 
HACCP system. 550 

255-256 

322-323 

in the manufacture of ice cream, 

in the preservation o f  starter cultures, 

principles of. 608-609 
HACCP teams, selecting, 610-61 1 
Ifofizio rrlvei, 105 
Hair. as a source of pathogenic bacteria, 

Half-cream, 130 

Halogen-based sanitizing agents, 577 
Hands, as a source of pathogenic 

I-Iard cheese 

583-584 

sterilized, 13X-139 

bacteria. 584 

microbiology of, 515-557 
secondary flora in, 525-535 
starter bacteria for. 516-519 

Hard surfaces, cleaning, 576 
Hazard analysis, 608,616,618-619 
Hazard analysis critical control points 

(HACCP), V. 605--609. See 
HACCP entries 

application of,  609-649 
Hazard analysis critical control point 

Hazard characteristics. 603 
Hazard identification, 603 
Hazards 

(HACCP) procedure, 199,594 

listing. 616-618 
nonmicrobiological, 585-586 

Health effects. of probiotic cultures, 
44 1-453 

“Heat shock” process, 406 
Heat treatment. See also Heat 

treatments 
of cream, 124.131-139 
of evaporated milk, 180-182 
of ice cream and frozen desserts, 

for pasteurization of cream, 132 
of yogurt milk, 382-384 

220-22 1 

Heat treatment regulations, 221 
Heat treatments 

alternatives to, 1 16-1 17 
for market milks, 92-98 
to milk, 26-30 

Heating system, tubular indirect, 96 
Heat-stable enzymes, 99 
Heat-stable lipases, 99, 109 
Heat-treated creams, cooling, 140-141 
Heat-treated market milks 

microflora and enzymatic activity in, 

pathogenic microorganisms associated 
98-1 10 

with, 110-113 

with, 586 
Heavy metals, contamination of foods 

Helicobucter pylori, 446 
HEPA filters, 505.658 
Herd health problems, SO 
Heterofermentative lactobacilli, 526 
Hexose diphosphate (HDP) pathway. 

High fat process butter making, 162-163 
High-efficiency particulate air (HEPA) 

filtration, 107,335. See also HEPA 
filters 

67 1 

495 

High-intensity pulsed light technology, 

High-pressure processing, 1 18 
High-risk foods, 598 
High-temperature short-time (HTST) 

continuous-flow method, 131, 
133-1 35 

High-temperature short-time (HTST) 
pasteurization, 214,221 

High-temperature starter genera, 
498499 

Hispanic cheeses. 487 
Holder pasteurization method, 132-1 33 
Holder processing, 247 
“Holding method” pasteurization. 94 
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Holding time, 134 
Homogenization, 13,19,24-26 

of yogurt-milk, 382-383 
Homogenizers, 130,229-231 
“Hot well,” 179 
Human contamination, 249,582-586 
Hydrophobic grid membrane filter 

technique, 205,690-691 
Hydrostatic system, 138 
Hygiene. See olso Dairy equipment 

hygiene 
at the final selling point, 256 
guidelines for, 596-598,646 
in ice cream processing, 248-252 
of packaging material, 669-673 

Hygiene assessment procedures, 580-581 
Hygiene monitoring, 579-580 
Hygienic control, in cream processing, 

Hygienic quality, of food, 655 
Hypercholesterolaemia, 446 
Hypodermic needle samples, 144 

143-144 

Ice bank tanks, 74 
Ice cream, 214-215. See also Frozen 

dairy products; Frozen desserts; 
Probiotic ice cream 

manufacture of, 252 

236-238 

bacteriological control in the 

as a cause of food-borne diseases, 

composition of. 217-219 
diabetic, 224 
HACCP system in the manufacture of, 

ingredients in, 222-227 
legislation concerning, 217-221 
manufacture of, 229-234 
microbiological quality of, 243-252 
microbiological standards for, 240-243 
microbiology of, 213-257 
occurrence of pathogens in, 238-240 
sales of, 217 
with different fat contents, 227-228 

255-256 

Ice Cream Alliance, 243,255 
Ice Cream Federation, 243,255 
Ice cream mix, 248 
Ice cream novelties, 228-229 
Ice cream packaging, 231-233 
“Ice lollies,” 215 

Ices, 215 
Immobilized cell technology, examples 

Immobilized starter cultures, 314-315 
Immune response, probiotic strains and, 

Immune system modulation, 4504.53 
Immune transfer, passive, 58 
lmmunoglobulins (Ig), 9-10,58 
Immunomagnetic separation (IMS) 

technique, 717,203 
Impedance, 700-701 
Impedance detection time (IDT), 701, 

Impedance measurements, 403 
Impediometry, 200 
In-bottle pasteurization, 135 
In-container sterilization, 93,97-98 
Incubation temperature, 708-709 
Incubators, in the manufacture of 

India 

of, 316-317 

444 

707 

yogurt, 387-389 

buttermilk production in, 265-266 
ice cream samples in, 244 

Indicator organisms, 580 
Indirect assessment, of microbial content 

of milk and milk products, 697- 
705 

Indirect heating system, 27 
Indirect processing, 97 
Infant feeding formulations, raw milk 

Infections 
for, 193 

preventionitreatment of, 444446 
probiotic therapy and, 446 

Infestation. See Animal vectors 
Inflammatory bowel disease (IBD), 453 
Ingredients, in ice cream and frozen 

Ingredients list, 220 
Inhibitory compounds, 323-325 
In-line density controllers, 195 
In-line sampling technique, 69,676 
In-line sterilization, 671 
Inoculation systems, for DVI bulk starter 

cultures and production tanks, 
343-345 

desserts, 222-227 

Insects, contamination by, 568-569 
Inspection by variables, 679 
Institute of Food Research, 613 
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Institute of Food Science and 

In-tank cooling, 389 
Internal pH control system, 341-342 
International Association of Milk, Food 

International Commission for 

Technology, 607 

and Environmental Sanitarians, 574 

Microbiological Specifications for 
Foods (ICMSF), 202,206. 606 

133,206,368,574,673,708,715 

206,574 

International Dairy Federation (IDF), 

International Standards Organisation, 

Intestinal infections, probiotics and, 444 
Ion exchange process, 12 
Ireland, cleaning of pipeline machines 

I S 0  9000. documentation control under. 

Italian cheese, 293,546 
Itsaranuwat, Pariyaporn, 175 
lydrcrteae irritnns, 55 

in, 73 

645-647 

Jervis, David, 593 
Jct dryer\, 191 
Johnson, Nancy. 214 
Jones system, 332-334 
Jooste, Petcr J., 655 

K-casein, 27 
Ic-casein hydrolysis, 34 
Keeping quality (KQ) 

of cream, 145-150 
of evaporated milk, 180 
of sweetened condensed milk, 184 

Kefir, 263,294,372,4074 17 
flow diagram for the production of, 

manufacture of ,  413417 
processing stages for, 415 

414 

Kefir bulk starters, production of, 

Kefir grains 
41 1-413 

microflora of, 408,416-417 
preservation of, 321-322 
testing, 346 
yeast microflora of, 286 

Kefir granules, microorganisms within, 
420 

Kefir starter cultures, 285,412,413 

Kelly, Phil M., 431 
Kishk, 368 
Klebsiella, 48 
Klebsiella oxytoca, 105 
Kluyveromyces luctis. 154 
Kluyveromyces mnrxiatzus, 285,322,387. 

418,402 
Kocurin, 535 
Kocitrin varians, 543 
Koumiss, 263,417419 

classification of, 417 
microflora of, 417-418 
production systems for, 418419 

preservation of, 322 

commercially developed, 40841 1 

Koumiss starter cultures, 418 

LAB. See also Lactic acid bacteria 

(LAB) 
in cancer therapy, 449 
immunostimulatory effects of, 452 

LAB niici-oorganisnis, 440 
Labeling, of ice cream and frozen 

desserts, 220 
LABIP workshop, 440 
Labneh, 405 
Laboratory pasteurization count (LPC), 

Lactal process, 484-485 
Lactate metabolism, 530 
Lactation stage, quality and, 101 
Lactic acid, 263,395 
Lactic acid bacteria (LAB), 99,164, 

315,369,408,418,431. See u l ~ o  
LAB 

695 

characteristics of, 269 
freeze-dried, 302 
methods of preserving, 296-3 15 
nonstarter, 525-529 
preservation of, 303 

(LABIP), 432 
Lactic Acid Bacteria Industrial Platform 

Lactic buttermilk, 165 
Lactic fermentations, 369-407 
Lacticimold starter cultures, 294-295 
Lactic starter cultures, 345-346 
Lactic starters, aroma-producing, 288 
Lactidyeast starter cultures, 294 
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Lactobacillus, 101, 152, 153,433,434, 526 
characteristics of, 274 
growth of, 341 
in soft cheeses, 498499 
starter cultures of, 271-272 

Lactobacillus acidophilus, 228,271,272, 
291,300,311, 312, 313,329,330, 
443,446,458,461,519 

freeze-drying of, 304-306 
Lactobacillus brevis, 271,411 
Lactobacillus bulguricus, 443.463 
Lactobacillus casei, 271,306,315, 

458459,531 
in cancer therapy, 450 

L2actobacillus caucasicus, 271 
L>actohacillus cereus, 103 
Lactobacillus curvatus, 41 8 
Lactobacillus delbrueckii, 271,291,294, 

330,331,342, 376, 386,392, 
297,299-300,306.311,312,313, 

393-395,418,462,519 
Lacto bacillus , ferment urn, 27 1, 5 19 
Ldactohacillus gasseri, 271 
Lactobacillus GG, 444-445,446,452,454. 

Lactobacillus helveticus, 166,271,294, 

Lactobacillus johnsonii, 271, 306, 451, 

Lactobacillus jugurti, 21 1 
Lactobacillus kefir, 271,411 
Lactobacillus kefiranofaciens, 271,285, 

Lactobacillus paracasei, 271,291,329, 

456 

376,519,524-525 

454 

411 

418 
probiotic, 463 

Lactobacillus plantarum, 271, 331 
Lactobacillus reuteri, 228,271 
Lactobacillus rhamnosus, 228, 271, 306, 

Lactobucillus salivarius, 452, 461 
Lactobacillus viridescens, 271 
Lactococcal agglutination, 346 
Lactococcus, 314,337,494496 

enumerating, 551 
starter cultures of, 266-267 

418,531 

Lactococcus cremoris, 164 
Lactococcus lactis, 152,164,165,266, 

288,297,300,306,310,312, 315, 

342,373,374.376.419,482,487, 
519.520-521 

Lactococin, 329 
Lactoferrin, 59 
Lactoperoxidaselthiocy anateh y drogen 

Lactose, 10-11 
peroxide system, 59-60 

in cheeses, 521 
heating changes in, 30 

Lactose-free milks, 188 
Lactose maldigestion, 442443 
Lagenaria peucuntha, 375 
“Late blowholes,” 64 
Lben, 376 
“u‘ cultures, 290 
Ledges, horizontal, 572 
Legislation, concerning ice cream and 

frozen desserts, 2 17-221 
Leptospira, 57 
Leuconostoc, 103,164,272,337,487, 

496497,553 
starter cultures of, 267-270 

Leuconostoc mesenteriodes, 164,165, 

Lewis system, 332,333 
Lewis-Jones system, 332 
Limburger cheese, 491,501,532 

manufacture of, 492 
Limulus test, 703-705 
LINK Research project. 613 
Lipase-producing microorganisms, 694 
Lipids, in milk, 3-5 
Lipolysis, 555 
Lipolytic bacteria, 693-694 
Lipopolysaccharides (LPSs), 703 
Liquid nitrogen, freezing cultures in, 31 1 
Liquid rinse, sterilized, 67 
Liquid starter cultures, 297-298 
Listeria, 11 6-1 17 

testing for, 581 
Lisreria innocua, I12 
Listeria rnonocytogenes, v, 57,112, 

375,267,297,330,373,409,419,497 

115-136,126,135,157,169-170, 
187,205,234,238-241,342,401, 
549,565,593,717-718 

Listeriosis, 170, 240 
cheese-borne, 507 

L. kefiranofaciens, 285 
L-lactate, 528 
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LM-l7,551 
Locust bean gum, 225,483 
Lodophors, 189 
“Long-Me” cream, 137 
Long-set method, 480-482 
Low acid foods, FDA requirements for 

stci ilinng. 96 
Low-fat ice cieam, 228 
Low-fat spread products, 167-1 68 
Low-lactose milk products, 223 
Lyophilimtion, 298 
Lysozynic, hO 

MacConkey broth, 205.581 
Machine milking, 67 
Macrocolony count procedures, 686-696 
Mad cow disease, 112 
Magnesium ammonium phosphate, 342 
Magnesium ions, 132 
Maillard browning reaction. 30,31,93,98 
Majorero cheese, 517 
Management tools, 594-600 
Miiniicii of Systtvnatic Bacteriology 

Manufacture, o f  ice cream, 229-234 
Manufacturers’ food safety 

“Manufacturing milk,” 193 
Marjaviili, 420 
Market milks 

116-1 17 

(Bergey), 436 

requirements, 605 

alternatives to heat treatments for, 

heat treatments for, 92-98 
niicrobiology of, 9 1-1 18 
pasteurized, 98-1 06 

Mascarpone cheese, 487-488, SOY 
Mastitis, 50-56 

Mastitis milk. 329 

MAST processes, 19 
Matcrial flow, monitoring, 569 
Maziwa lal. 375 
Mechanical vapor recompression 

Mechanically protected systems. for bulk 

Membrane filter method, 49,673 
Membrane separation, 1 I ,  14,23 

staphylococcal, 57 

M astitis . ”  pathogens, 76 

(MVK),  194 

starter cultures, 332-336 

“Merquat,” 693 
Mesenteroicin, 329 
Mesophiles, 148 
Mesophilic bacteria, 197.517. See aho 

Mesophilic lactic acid bacteria 
Mesophilic fermentations, 373-376 
Mesophilic lactic acid bacteria, 310, 315, 

Mesophilic lactic starter cultures, 287, 

Mesophilic lactobacilli, 525 
Mesophilic spores, 134 
Metabolic products, yogurt quality and, 

Metchnikoff, Elie, 431 
Methylene blue test (MBT), 128. 144. 

Microbncteriurn, 101, 103,47,76 
Microhacteririrn lacticurn. 45 
Microbial contamination, of milk, 39-40 
Microbial content of milk, assessment of, 

Microbial control, of water supplies, 

Microbial defects, of evaporated milk, 

Microbial flora, in soft cheeses, 501-503 
Microbial pathogens 

immunological methods for detecting, 
711-712 

molecular methods for detecting, 710 

482 

290 

395-399 

177,252 

681 -696 

66 1-663 

183 

Microbial spoilage, of soft cheese, 

Microbial starter flora, in soft cheeses, 

Microbial thermal death times, 92 
Microbiological analysis 

of cheese, 551-554 
standard methods of, vi 

in butter, 168-169 

503-507 

50 1 -503 

Microbiological associations, 156-1 57 

Microbiological defects, in sweetened 
condensed milks, 187-188 

Microbiological evaluation, product 
sampling for, 673-681 

Microbiological examination 
of evaporated milk, 782-183 
of sweetened condensed milk, 186-187 

Microbiological guidelines, 242 



INDEX 753 

Microbiological problems, in cream 

Microbiological quality 
of frozen dairy products, 243-245 
of ice cream, 245-252 
reference methods for determining, 

of yogurt, 401403 

distribution, 148-150 

682-683 

Microbiological risk analysis protocols, 

Microbiological risk assessment, 

Microbiological sampling plans, 606- 

Microbiological specifications. See a l ~ o  

Microbiological standards, 241 
for dairy products, 721-723 
for ice cream, 24&243 

Microbiological sterility, 143 
Microbiological techniques, for bulk 

starter cultures, 331-332 
Microbiological testing, 663 

sample preparation for, 680-681 
Microbiology, 194-198 

of concentrated and dried milks, 

of cream and butter, 123-170 
of fermented milks, 367-421 
of flavored milk products, 114 
of hard cheese, 5 15-557 
of ice cream and related products, 

of market milk, 91-118 
of raw milk, 39-85 
of starter cultures, 261-347 
of therapeutic milks, 431-466 
of yogurt fermentation, 392403 

600 

602-603,604 

607 

Fermented milks 

175-206 

213-257 

Micrococcal taxa, differential 
characteristics of, 534 

Micrococci, 44,45,63, 101,103, 127,146, 
153,502,535 

Micrococcus freuderireicliii, 502 
Micrococcus luteus, 535 
Micrococcus l.ylue, 535 
Microcolonies, electronic counting of, 

Microencapsulation, 462 
Microfiltration, 116-117 

685-686 

Microflora 
of dried milks, 198-205 
of the exterior udder and teats, 60-65 
of heat-treated market milks. 98-1 10 
of kefir grains, 408 
of koumiss, 417-418 
of milking equipment, 66-78 
of pasteurized milk, 101-106 
pathogenic, 507-509 
psychrotrophic, 4 8 4 9  
in raw milk, 4 0 4 9  
thermoduric, 45-47 
traditional, 266-274 
of UHT milk, 110 
of ultra-pasteurized milk, 107 

MicroGARD, 505 
Micromonospora, 198 
Microorganisms 

aerobic mesopbilic, 44 
airborne, 656-660 
catabolic activity of, 700 
causing defects in cream, 152-156 
in cheese, 544-548 
factors that control the growth of, 583 
metabolically injured, 713 
on milking equipment surfaces, 76-78 
probiotic, 432-436 
in raw milk, 4 2 4 9  
salt- and acid-tolerant, 543-544 
in starter cultures, 281-283 

Milk, 1-2. See ulso Milk processing; Raw 
milk; Stored milk 

acidification of, 32-33,387 
antibiotic residues in, 32.5-326 
antimicrobial systems in, 58-6 0 
assessing microbial content of, 

batch pasteurized, 100 
coagulation of, 34 
collection of, 79 
composition of, 2-1 1 
compounds naturally present in, 

concentration of, 30-31 
condensed and evaporated, 176-183 
contamination by thermoduric 

contamination of, 39-40,6546 
cooling of, 78,79 

681-705 

323-325 

microorganisms, 695 
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extended shelf-life for. 95-96 
fermentation of, 262,287 
filtering, 64-65 
in the food supply chain, v 
heat treatment of, 29-30,92,94 
heat-induced changes in, 26 
pasteurization of, 593 
process-induced changes in, 25 
reference methods for sampling, 674 
role of, 1 
salmonella-coiitaminated, 1 12 
seasonality of. 329 
sour, 263 
spore count of ,  64 
spray drying of, 32 
storage temperature of, 79-81 

Milk base. for yogurt, 377-382 
Milk-based powders, 309 
Milk-bascd products, microbiological 

criteria for, 241-242 
Milk-borne salmonellosis, 715 
Milk cans 

collection of, '78 
contamination in. 75-76 

Milk casein. 108 
Milk containers, screening method for, 

672 
Milk contamination. environmental 

sources of, 65-66 
Milk cooperative, quality incentive 

program used by, 43 
Milk fat content, 3 
Milk fat globule memhrane (MFGM), 

Milk fat products, 18,22 
Milk fats, as ingredients, 223 
Milk handlers. as a source for microbial 

contamination. 65-66 
Milk heat treatments, minimum 

temperature and times for; 94 
Milk iccs, 215 
Milking equipment 

4-5 

bactcrial contamination in, 72 
bactcrial content of, 77 
microflora of, 66-78 
microorganisms on  surfaces of, 69- 

71 
Milking equipment surfaces, types of 

microorganisms on. 76-78 

Milking machines, pipeline, 71-73 
Milk inventories, monitoring, 84 
Milk Ordinance and Code (1939), 93 
Milk powder products, 18, 21 
Milk powders, 21. See o h  Dried milk 

Milk processing, 11-18 
powders 

changes to milk components during, 

microbiological aspects of, 193-1 98 

fermented, 375-376 
flavored, 11 3-1 16 
in the food supply chain, v 
influence of added ingredients on. 

manufacture of, 18-23 
microbial content of, 681-696 

Milk protein concentrates, 21,31 
Milk proteins, 225 
Milk residues, 70 
Milk salts, 10 

heating changes in, 29-30 
Milk samples, preserving, 686 
Milk shelf life, methods for determining, 

Milk solids non-fat (MSNF). 159 

Milk tanks, contamination in, 73-75 
Ministry of Agriculture, Fisheries, and 

Mixed-strain starter culture system, 290 
Moisture, in cheese, 544-546 
Moisture removal, 19 
Mold growth. See mlso Molds 

23-35 

Milk products, 1 

113-1 16 

705-707 

as ingredients, 222-223 

Food (MAFF), 564 

on butter, 168 
in soft cheeses, 506 

Mold-lactic fermentations. 41 9-421 
Mold mycelium, 187 
Mold-ripened cheeses, 532,538-543 
Molds, 501 

classification of, 284 
in cottage cheese, 505 
in yogurt, 402-403 
preservation of, 320-321 
in starter cultures, 283 
testing. 346 

Monitoring procedures, 655-656 
Monocytogenes, 507-508 
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Moseley test, 707 
Most probable number (MPN) counts, 

Mostert, J. Ferdie, 655 
Mousse, frozen, 216 
Mozzarella cheese, 485487,499,507,531 

starter for, 498 
U.S. specifications for, 486 

MPN technique, 204 
MRS agar, 553 
MSE medium, 553 
Mucor, 168,198,205,539 
Mucor rasmusen, 506 
Multilocus enzyme electrophoresis 

“Multipurpose processing tank,” 383,384 
Munster cheese, 491,502 
Murphy, Steven C., 91 
Mycelium, 402 
Mycobacterium avium, v, 201 
Mycobacterium bovis, 56 
Myco hacteriuni paratuberculosis, 

110-112,614 
Mycobacterium tuberculosis, 56, 92, 94 
Mycoderma, 418 
Mycoplnsma, 53 

49,145,581,690,697 

(MEE), 718 

National Institute for Research in 

Natural buttermilk, 373 
Natural killer (NK) cells, 451 
Natural milk starter cultures, 293. See 

NestlC’s LCI, 459 
Netherlands Institute voor 

Dairying (NIRD), 61 

also Starter cultures 

Zuivelondazoek (Netherlands 
Dairy Research Institute [NIZO]), 
165,290. See also Nizo process 

Neufchatel cheese, 483484 
New Zealand Dairy Research Institute, 

Newman’s staining method, 345 
Nisin production, 341 
Nitrate, in cheese, 547-548 
Nitrate reduction test (NRT), 698-699 
Nizo process, for ripened butter 

production, 165-166 
NMC, 54 
Nocardiu, 57 

198 

Non-fat ice cream, 228 
Nonmicrobiological hazards, 585-586 
Nonstarter lactic acid bacteria 

(NSLAB), 517,522,525-529. See 
also NSLAB 

Nordic sour milks, 374 
Nozzle dryers, 191 
Nozzle separator, 405 
NSLAB, 527-529,551,555 

dominant species of, 526-527 
Nuts, 227,246 

Obligately heterofermentative 

Obligately homofermentative 

Operators 

lactobacilli, 271 

lactobacilli, 271 

contamination by, 582 
training, 256 

Organic acids, in cheese, 546 
Outdoor environment, control of 

Outlet plug, contamination of, 74 
Oxidase-positive bacteria, 1 54 
Oxidized taints, 150 
Oxygen (02) tension measurement, 700 
Oxygen toxicity, 462 
Ozone generators, 564 

airborne microorganisms in, 658 

Packaging 
aseptic, 670-67 1 
contamination and, 586 
of cream, 139-140 
of yogurt, 390-391 
retail, 670-671 

Packaging hygiene, methods for 

Packaging material, 247,249,562 
assessing, 671-673 

hygiene of, 669-673 
manufacture of, 669 
microflora associated with, 107 

Packaging process, 18 
Packaging system, 614 

Paenibacillus, 107 
PALCAM, 717 
Paneer cheese, 488-489 
Panela, 487 
Papademas, Photis, 213 

aseptic form-fill-seal, 97 
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Paper stock, microbiological standard 
for, 669 

Parasites, little-known, v 
Paratr~hercr~l~~sis, v 
Parmigiano reggiano cheese, 519,520, 

Pasteur. Louis, 91 
Pastcltreila niiiltocitla, 57 
Pasteurization. 16,85, 91-95,62. See olso 

Heat treatments; Holder 
pasteurization; Ultra-pasteurization 

556 

in-bottle, 135 
of concentrated milk, 176 
pathogenic agents not destroyed by, 

110-1 12 
Pasteurization systems, design of, 95 
Pasteurized cream, 124 
Pasteurized market milks, 98-106 
Pasteurized milk, microflora of, 101- 

Pasteurized milk ordinance (PMO), 69, 

Pasteurized milk products, 

Pasteurized yogurt, 406 
Pathogenic 6. coli, detecting, 714-715 
Pathogenic microflora, in soft cheese, 

Pathogenic microorganisms 

106 

96 

microbiological standards for, 102 

507-509 

associated with heat-treated market 

methods for detecting, 709-721 
milks. 110-1 13 

Pathogenic psychrotrophs. 240 
Pathogens 

in cheese. 549-550 
emerging, 201 
in ice cream, 238-240 
in yogurt, 401 
stresscd food-borne, 712-713 

“P”cultures, 290 
Pecorino sardo, 517 
Pediocins. 508 
Pediococcus, 525-526 

starter cultures of, 270 
Pediococcus acirlilactici, 270, 33 1 
I’cdiococcus cerevisine, 270 
Pediococcus lindneri, 270 
Penicilliuni, 107, 168, 187, 198,205,283, 

294.402 

Penicillium camemberti, 283,489,506, 

Penicillium carneum, 283 
Periicilliitnz freudetireichii, 529, 53 1 
Penicilliuni gorgonzolae, 283 
Penicillium paneum, 283 
Penicilliuni roqiieforti, 283, 496, 506. 538, 

Penicillium roqueforti toxin, 541 
Penicillium stilton, 283 
(PEP)-phosphotransferase system, 495 
Percentage salt-in-moisture (SM), 521 
Permeate, 23 
Personnel hygiene, 599 
Pest infestation, 566-569 
Pesticides, in milk, 330 
Petrifilm aerobic count method. 403,668, 

538,539 

539,555 

689,707 
PH 

of cheese, 522-523,546 
control systems for, 338-342 
of milk, 30 
reducing, 17 
salmonella and, 549 
yeast and molds and, 544 

Phage contamination, 343 
Phage inhibitory media (PIM), 500 
Phage-resistanthhibitory medium 

Phages, in yogurt, 400 
Phagocytosis, 58-59 
“Phase 4” growth medium, 341-342 
Phenotypic methods, 717 
Phosphate buffer, 339 
Phospho-ketolase (PK) pathway, 495 
Pichia naembranuefuciens, 285 
Pickled soft cheeses, 491-494 
Pinguic~ila vulgaris, 374 
Pipeline milking machines, 71-73,76 

Pipework, 574 
“Pips,” in yogurt, 382 
Plant 

cleaning, 57-581 
maintenance of, 144 
persistent contamination by, 579 

(PRMIPIM), 337-338 

bacterial contamination in, 73 

Plastic-coated packages, hygienic 

Plate cooler, 389 
problems and, 670 
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Plate count agar (PCA), 551 
Plate count standards, 687 
Plate heat exchanger, 95 
Plate loop technique, 688 
PMO, 66,78. See also Pasteurized Milk 

Pollution, environmental, 329-330 
Polydextrose, 224 
Polyestra, 228 
Polymerase chain reaction (PCR), 254 
Polymorphonuclear (PMN) leucocytes, 

Polymorphonuclear (PMN) serum, 59 
Polysaccharides, 397 

Polysorbitol esters, 226 
Polysulfone membranes, 188,189 
Port du salut, 501 
Post-acidification, 458 
Postpasteurization contamination, 103, 

104, 112-113,146,664 
Postprocessing contamination, 110 
Powdered milk, B. cereus in, 720 
Prebiotics, 464-465 
Precipitation process, 12-13 
Preincubation, 81,698,707 
Prerequisite programs. 617-61 8 
Pre-rinse step cycle, 72 
Preservation processes, 16-18 
Preservatives, 505 
Probiotic bacteria, 216 
Probiotic cultures, 431 

Ordinance (PMO) 

58 

sugars in, 398 

beneficial health effects of, 441-453 
food delivery systems for, 456 
safety issues associated with, 439-441 
viability of, 462 

460-461 
Probiotic dairy powders, spray-dried, 

Probiotic dairy products, 454461 
Probiotic fermented milks, 457458 

commercial developments in, 458- 
460 

Probiotic food development, 457 
Probiotic ice cream, 228 
Probiotic lactic acid bacteria, 272 
Probiotic lactobacilli, 437 
Probiotic microorganisms, 432436 

characteristics desirable for, 438 
criteria associated with, 436439 

Probiotics 
effective daily intake of, 454 
microorganisms used as, 433 

Probiotic survival, in food systems, 

Probiotic yogurts, 457458 

Procedures, 646 
Process control, 593-652 

integrated approach to, 651 
Process microbiology, 194-198 
Process plant 

461 4 6 4  

commercial developments in, 458-460 

cleaning, 574-577 
sanitizing, 577-579 

Process water, 661-662 
Processing efficiency, of ice cream, 

Processing equipment, 573 
Processing parameters, 613-614 
Processing plant, disinfection of, 255. See 

Processing rooms, 658-659 
Product composition, 612 
Product description, 61 1-614 
Product failure, trouble-shooting, 

Product sampling, for microbiological 

Product specifications, for dried milks, 

Product structure, 612-61 3 
Production area, high-risk, 598-S99 
Production schedules, disruption of, 

Production specialist, 610 
Production systems, for bulk starter 

Products 

247-248 

also Plant 

649-650 

evaluation, 644,673-681 

205-206 

499 

cultures, 331-345 

intended use of, 614-615 
low-fat, 167-168 
microstructure of, 612-613 
time-temperature history of, 705 

Professional Food Microbiology Group, 

Propionihacteria 
242 

characteristics of, 280 
in starter cultures, 279-281 

Propionibacterium acidipropionici, 279 
Propionibacterium camemberti, 321 
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Propionibacterium freridenreichii, 279, 

Propionihacteriunz jen yenii, 279, 280 
Propionibacterium royiieforti, 320, 321 
Propionihacteriiinz shermanii, 543 
Propionihacterium thoenii, 279,280 
Propionic acid bacteria (PAB), 525, 

Proportionate sampling, 676 
Proposed Draft Principles and 

281. 505 

529-53 1 

Guidelines for the Conduct of 
Microbiological Risk Assessment, 
602 

Protease activity, 109 
Protease enzymes, bacterial, 85 
Protein A, S aureiis-derived, 59 
Proteinases, 99, 108 
Proteins 

heating changes in, 26-29 
in milk, 5-10 

Proteolysis, 109,523,555, 556 
Proteolytic bacteria, 693-694 
Proteus, 139, 152 
PRT starter strains, 290-291 
Prussian blue, 386 
Pseudonionads, 154 
Pseudomonas. 66, 99, 103, 104, 108, 117, 

127. 146, 152, 153, 154, 156, 169,48, 
504,566,691-692 

in stored milk, 84 
Pseiidomonas aeriiginosa, 48, 154 
P.wrdomonas ,fliiorescens, 48,84,104, 

Pseudomonos .fi.ngi, 48, 104, 154, 169, 

l?wudonionas niephiticn, 169 
I’.wicdotrionus nigrifaciens, 154, 168 
Pseiidow I on as protein ases , 1 09 
Pteiidonionas pitticla, 48, 104 
Pseiidomonus pirtrefiiciens, 154, 169 
Psychrotroph counts, 83-84,692 
Psychrotrophic bacteria, 504,69 1-693 
Psychrotrophic contaminants. 105 
Psychrotrophic gram-positive organisms, 

Psychrotrophic microflora, 4 8 4 9  
Psychrotrophic microorganisms, 77,99 
Psychrotrophic organisms, 153-154 
Psychrotrophic plate counts, 114 

109,154,169,497 

246 

1 03 

Psychrotrophs, 40,63,148 
Public Health Laboratory Service 

Publications, International Dairy 

Pulsed electric field processing, 1 I8 
Pyruvate determination. 699 

(PHLS), 238 

Federation, 574 

Q fever, 57 
Quality, of‘ heat-treated market milks, 

98-1 10 
Quality assuranceiquality control 

specialist, 610 
Quality control, 724 

in the dairy industry, 655-725 
of starter cultures. 345-347 

Quality incentive programs, 42 
of milk cooperatives, 43 

Quality level, testing for, 678 
Quality management, 596-600 
Quality systems, 595-596 
Quarg (quark) cheese, 484485 
Quarry tile flooring, 571 
Queso blanco cheese, 488-489 
Queso crerna, 487 
Queso fresco, 487, 507 

Rabbit plasma fibrinogen (RPF) agar 

Radioactive iodine, milk Contamination 

Rappaport-Vassiliadis medium, 203 
Raw material storage tanks, 251 
Raw materials, in ice cream, 245-247 
Raw milk 

medium, 719 

with, 331 

bacterial content of, 50-65 
collection and storage of, 128-129 
fractionation of, 21 
initial microflora of, 40-49 
manufacturing-grade, 176, 184 
microbial and somatic cell count 

microbiology of, 39-85 
microflora of milking equipment and, 

pathogens in, 56-58 
refrigerated storage of, 82 
storage and transport of, 78-85 
types of microorganisms in, 4 2 4 9  

standards for, I00 

66-78 
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Raw milk bacterial content, SPC method 

Raw milk cheeses, 550-551. See also 

Raw milk quality 

and, 4 1 4 2  

Raw milk soft cheeses 

influence on pasteurized milks, 98-101 
influence on UHT milk, 108-109 
influence on ultra-pasteurized milk, 

keeping quality in cream and, 146-147 
manufacturing process and, 193 

106-107 

Raw milk soft cheeses, 508 
Ready-to-eat foods, 240-241 
“Rebodying,” 140 
Recombined butters, 163-164 
Recordkeeping, 645-648 
Redox potential, 547 
Reduced- and low-fat spread products, 

Reduced-fat butters, 167-168 
Reduced-fat ice cream, 227-228 
Refrigerated storage, 614 

Refrigerated transport, effects of, 83-84 
Rennet-coagulated cheese, 516 
Rennet-coagulated unripened soft 

cheeses, 485487 
Rennet coagulation, 33-35 
Replicate organism direct agar contact 

(RODAC) method, 667. See also 
RODAC plate count 

167-168 

of raw milk, 82 

Requeson, 488 
Residual bacterial count (RBC), 672 
Resin flooring, 570-571 
Restriction-modification (R/M) system, 

lactococcal, 501 
Retail milk containers, screening method 

for, 672 
Retail packaging, 670-671 
Retentates, 188-189 
Reverse osmosis, 188 
Rhizopus, 168 
Rhodia Food, 338,339,413 
Rhodotorula nzucilaginosa, 152 
Richardson, G. H., 339 
Ricotta cheese, 488,506-507 
“Ring of flame,” 333 
Rinse (solution) method, 667 
Rinse water test, 703 

Rinsing, water used for, 662 
Rinsing methods, for containers, 672 
Ripened butters, 164-166 
Ripened soft cheeses, 489491 
Ripening, of cheese, 554-557 
Ripening temperature, of cheese, 

Risk analysis, 600-605 
Risk assessment, microbiological, 

Risk characterization, 603 
Risk communication, 604 
Risk management, 604 
Robinson, Richard K., 175,367,561 
RODAC plate count, 667 
Rod-coccus combinations, 498 
Rod-coccus phages, 501 
Rodents, 566-568 
Rogosa agar, 553 
Roll tube method, 688-689 
Roller drying, 190 
Roquefort cheese, 542 
Ross, R. Paul, 431 
Rotary atomizer dryers, 191 
Rotavirus diarrhea, 452 
Royal Institute for Public Health and 

546-547 

602-603 

Hygiene (RIPHH), 61 1 

S. bacillus, 101 
S. paratyphi, 236 
Saccharomyces boulardii, 441,445 
Saccharomyces cartilaginosus, 285,418 
Succharomyces cerevisiae, 281,402 
Saccharomyces %orentinus, 409 
Saccharomyces fragilis, 489 
Saccharomyces lactis, 285,489 
Saccharomyces unisporus, 418 
Safety issues, associated with probiotic 

St. Nectaire cheese, 538 
Sales, method of, 249 
Salmonella, v, 57, 112, 116,117, 126, 156, 

cultures, 439-441 

199,508,549,565,606 
control of contamination with, 

detecting, 715-716 
HACCP plan for the management of, 

621-640 

624-632,636-639 
Salmonella enteritidis, 237,562 
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Sulnionellii newhrunswick, 202 
Salmonellu outbreaks, cheddar cheese 

Salrirorrella thornpson, 202 
Sulrnonellu typhi, 57, 236, 452 
Salnionella typhimurium, 169,202,462 
Salmonellu-specific antibodies, 452 
Salmonellosis, 201 
Salt 

addition of, 19 
in butter, 160-161 
in cheese, 544-546 
process of. 17 

and, 640 

Salts equilibria, during spray drying, 

Salt-tolerant, microorganisms, 543-544 
Salt-tolerant bacteria, 537 
Samples 

hypodermic needle, 144 
numerical selection of, 678-679 
preparing for microbiological testing, 

storage and transport of, 679-680 

attribute, 679 
in-line. 676 

32 

680-681 

Sampling 

Sampling equipment, 675 
Sampling plans, microbiological, 606- 

Sampling procedures, 254 
Sampling programs, difficulties 

associated with, 200 
Sampling systems, automatic, 676-678 
Sampling techniques, 675-678 
Sand bedding, bacteria in, 60 
“Sandiness” texture defect, 222 
Sanitary and phytosanitary measures, 

Sanitization, of evaporators, 195-196 
Sanitizing agents, 401 

commonly used, 57X 
halogen-based, 577 

Sanitizing protocols, 71 
Sanitizing, 143 
Saprophytic bacteria, 81 
Scald process, 136 
Scandinavian countries, ice cream 

Scandinavian sour milks, 374 

607 

605 

consumption in, 217 

Scientific Committee on Veterinary 
Measures Relating to  Public 
Health, 242 

containers, 672 
Screening method, for retail milk 

Secondary cultures, 263 
Secondary flora, in hard cheeses, 

Sediment pad scores, 65 
Selective concentration, 23 
“Self-pasteurization” cycle, 250 
Selling point, hygiene at, 256 
Semi-bulk containers, 140 
Semihard cheese, 537 
Semi-skimmed milk, 13 1 
Serratia, 108 
Serum albumin, 9 
Serum cholesterol, reduction of, 446-448 
Shelf life, 614 

525-535 

food-product, 98-110 
of cream, 143,145-150 

Shelf life characteristics, 105-106 
Shelf-life tests, 724 

on creams, 135 
Sherbet, 215 
Shigellae dysentery, 236 
Shigella flexneri, 236 
Short-set method, 480 
Shrikhand, 405 
Silage, bad, 64 
Simulator of the human intestinal 

Singh, Harjinder, 1 
“Single-pair’’ starter culture system, 289 
Skim milk 

microbial ecosystem (SHIME), 438 

concentration of, 21 
homogenization of, 26 
ultrafiltration of, 31 

Skim milk concentrated liquid, 222 
Skim milk powder, 163,189-190 

control of contamination in, 621-633 
spray-dried, 222 

Skyr, 405,419 
Smear flora, 501-502 
Smear microorganisms, 538 
Smear surface-ripened cheeses, 506 
Smear-ripened cheese, 532,542 
Soft cheeses 

bacteria surface “smear”-ripened, 491 
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microbial flora and microbial starter 

microbial spoilage of, 503-507 
microbiology of, 479-509 
mold growth in, 506 
pathogenic microflora in, 507-509 
pickled, 491494 
raw milk, 508 
rennet-coagulated unripened, 485487 
ripened, 489491 
starter microorganisms for, 494-499 
surface mold-ripened, 489491 
unripened, 480-489 
varieties of, 480,481 

flora in, 501-503 

Soft-serve ice cream, 233-234,240,250, 

Soft-serve ice cream freezer, 235 
Soft-serve mixes, bacteriological quality 

“Soluble” casein, 28 
Somatic cell count, 329 
Sorbets, 215-216 
Sorbitol, 224 
Sour cream, 374-375 
Sour milks, 374 
Soybean oligosaccharides, 464-465 
SPC method, raw milk bacterial content 

via, 4142. See also Standard plate 
count (SPC) 

Spiking trials, 618 
Spiral plate count, 689 
“Splits.” 216 
Sporeformers, 44,694-695 
Spore-forming bacteria, 110,708 
Spores, anaerobic and aerobic, 155-156 
Spray drying, 190-192 

of milk, 32 
process of, 196-198 

256 

of, 244 

Spray-dried probiotic dairy powders, 

Spread products. reduced- and low-fat, 

Stabilized creams, 141 
Stabilizers, 246 
Stabilizing agents, 224-225 
Standard methods 

for dried milks, 205-206 
for the examination of dairy products, 

460461 

167-1 68 

187 

Standard Methods for the Examination 
of Dairy Products, 252,255,673, 
681 

Standard Methods for the Examination 
of Milk and Dairy Products, 69 

Standard Methods for the Examination 
of Water and Waste Water, 663 

Standard plate count (SPC), 40,686-687. 
See also SPC method 

Stanton, Catherine, 431 
Staphylococcal mastitis, 57 
Staphylococcal mastitis organisms, 76 
Staphylococcal poisoning, 71 8-71 9 
Staphylococcus, in yogurt, 152. 153,236, 

Staphylococcus aureus, 51,52,53,56,199, 
401-402.535 

244,508-509,549,550,713 
detecting, 718-720 
tie spray-drying and, 203 

Staphylococcus aureus-derived protein 

Staphylococcus carnosus, 281 
Staphylococcus xylosus, 281 
Staplemead experiment, 193 
Starter bacteria 

bacteriophages of, 499-501 
enumerating, 551 
for hard cheese, 516-519 
function of, 517 

Starter cells, attenuated, 556 
Starter cultures, 19. See also Bulk starter 

culture; Starter culture technology; 
Starters 

A, 59 

annual utilization of, 264-266 
bacterial species incorporated into, 

bacteriocins in, 328-329 
bacteriophage in, 326-328 
cell concentration in, 315-320 
classification of, 273 
cottage cheese, 482 
defined, 287-292 
detergent and disinfectant residues in, 

dried, 298-309 
effect of residues on, 328 
freezing and drying, 304 
frozen, 309-314 
HACCP system and, 322-323 

274-285 

328 
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immobilized, 314-315 
inhibition of, 323-331 
inoculation of yogurt milk base with, 

384-387 
lacticimold, 294-295 
lacticiyeast, 294 
liquid. 297-298 
major functions of, 261 
microbiology of, 261-347 
miscellaneous, 315 
miscellaneous compounds in, 330-331 
miscellaneous inhibitors in, 329-331 
packaging systems for, 305 
processing conditions of, 331 
quality control of, 345-347 
safe, 323 
sensitivity to antibiotics, 327 
terminology of. 286-295 
undefined. 292-294 

Starter culture technology. 295-323 
Starter flora, microbial, 501-503 
Starter genera, high-temperature, 

Starter microorganisms, for soft cheese, 

Starter organisms, classification of, 

Starters. See also Starter cultures 

498-499 

494-499 

266-286 

autolysis of, 523-525 
growth of. 519-523 

Statement of purpose. 603 
Steam sterilization, 71 
Sterilant solution, concentration of, 577 
Sterile templates, 666 
Sterility, commercial, 180 
Sterility tests, 708-709 
Sterilization. 16 

in-container, 97-98 
of packaging materials, 671 
ultra-liigh-temperature, 96-97 

Sterilization procedures, 180-182 
Sterilized cream, 126.138-139 
Sterilized dairy ice cream, 221 
Sterilized liquid rinse, 67 
Sterilized milk. See also UHT sterilized 

Sticky tape method, 668 
Stilton cheese, 520,539,541 
Stirred yogurt. 388 

milk 

Storage, influence on the microflora of 

Storage and distribution conditions, 614 
Storage silos, 80 
Storage temperaturesitimes, guidelines 

Stored milk 

raw milk, 78-85 

for, 677 

bacterial multiplication in, 79-81 
types of bacteria in, 84-85 

Strained yogurt, 404406 
Straw, bacteria in, 60 
Streptobacterium, 271 
Streptococciis, 44,45,46,63,81,101,206 

in soft cheeses, 498-499 
starter cultures of, 270-271 

Streptococcus agalactiue, 52,53,56 
Streptococcus dysgalactiae, 52 
Streptococcus lactis, 99 
Streptococciis lindneri, 270 
Streptococcus pyogenes, 57 
Strrpiococcus salivnrius, 270 
Streptococcus thermophiliis, 193,270, 

297,306,312,330,342,376. 386. 
392-393,498,517,519,551 

501 

culture, 462 

Streptococcus therinoplzilids phages, 500, 

Streptococcus therrnophilus starter 

Streptococcirs uheris, 52. 53, 55 
Stressed food-borne pathogens, 712-713 
Structural features, contamination and, 

569-573 
Subclinical mastitis, 55 
Submicelles, 8 
Sucrose, 224 
Sugar 

granulated, 245 
as an ingredient, 223-224 
storage of, 185 

Sugariglucose syrup mixtures, 224 
"Sugar number," 184 
Sugar syrups, 245-246 
Surface assessment, methods for, 

Surface count technique, 687 
Surface defects, 506,507 
Surface mold-ripened soft cheeses. 

Surface rinse method, 666-667 

665-668 

489491 
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Surface-ripened cheeses, 532 
Susa, 375 
Swabs, 347 
Swabiswab-rinse method, 666 
Sweet cream butter, unsalted, 169 
Sweet curdling, 103,155 
Sweetened condensed milk, 222,184-188 
Sweeteners, as ingredients, 223-224 
Sweeteners in Food Regulations 1995, 

Swiss cheese, 293,294 
Swiss-type cheese, 527,546,550 
Synbiotics, 465 
Synergistic interactions, in yogurt, 

219 

394395 

Taleggio cheese, 539 
Tamime, Adnan Y., 261,367,561 
Tanks, aseptic, 334-335 
Taylor, Michael, 56 
Teat dip, 54,61 
Teat end damage, 52 
Teat orifice colonization, 52 
Teats 

microflora of, 60-65 
numbers of microorganisms from, 

sanitary preparation of, 53-54 
soiled, 60 

60-63 

Teat surfaces, types of microorganisms 

Teat washing, 62-63 

TECRA staphylococcal enterotoxin 

from, 63-65 

effect on bacterial counts, 61 

visual immunoassay (SETVIA), 
719-720 

Temperature, effect on cream, 147-148 
Temperature adjustment, 19 
Temperature-time combinations, 133 
Testing 

microbiological, 663,680-681 
techniques and results for, 723-725 

Tetra PakiChr. Hansen AISY unit, 
344 

Tetra pak system, 334335 
Than, 405 
Therapeutic milk products, 455 
Therapeutic milks, microbiology of, 

431-466 

Therapeutic properties, associated with 

Thermal processing, 613 
Thermal vapor recompression, 194 
Thermalization, 16 
“Thermized” milk, 79 
Thermoactinnmycetes vulgaris, 198 
Thermohacteriim, 271 
Thermobacterium bulgaricum, 392 
Thermoduric bacteria, 41,99, 146, 

Thermoduric microflora, 45-47,101 
Thermoduric organisms, 47 

Thermolabile bacteria, 146 
Thermometers, 247 
Thermophiles, 148 
Thermophilic actinomycetes, 198 
Thermophilic bacteria, 177-178,179, 

Thermophilic cultures, 551-553 

Thermophilic fermentations, 376-407 
Thermophilic lactic acid bacteria, 315 
Thermophilic lactic starter cultures, 291 
Thermophilic lactobacilli, 463 
Thermophilic organisms, 696 
Thiol-disulfide interchange reactions, 

Threonine aldolase pathway, 395 
Tilsit cheese, 532 
Tissier, Henri, 431 
TNO model, 438 
Toilet facilities, 584 
Tome de savoie cheese, 538 
Torida, 168 
Toriila cremoris, 155 
Torula koumiss, 41 8 
Tbrulopsis, 187 
Torulopsis candida, 402,490 
Torulopsis sphaerica, 155,489 
“Total” counts, 686-691 
Total milk proteinate, 22 
Total quality management (TQM), 

Traditional buttermilk, 373 
Training, food handler, 582 
Transgalactosylated oligosaccharides 

probiotic microorganisms, 432-436 

694-695 

on teat surfaces, 64 

517 

autolysis of, 524-525 

29 

594-595 

(TOS), 464 
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Transport, influence on the microflora of 
raw milk, 78-85. See also 
Refrigerated transport 

Transport tankers, contamination from, 
84 

Traveler’s diarrhea, 445446 
Triglycerides, 4 
Triphenyltetrazolium chloride (TTC) 

Trouble-shooting, 649-650 
Tryptose proteose peptone yeast 

Tuberculosis, 56 
Tubular cooler, 389 
Tunnels, 388 
Tyndallization. 137-138 
Typhoid fever, 236 
Tyrosine values, J 07 

solution, 553-554 

(TPPY), 386 

Udder disease, 40.50-65. See also 

Udder infections, lactation and, 55 
Udder inflammation, 50. See also 

Mastitis 
Udder microflora, 81 
UHT milk, microflora of, 110 
UHT sterilized milk, 108-1 10 
UHT treatment, 708 
Ultrafiltration (UF), 188,485 

of skim milk, 31 
Ultrafiltration (UF) concentrate, 382 
LJltra-heat treatment (UHT), 19. See also 

UHT entries 
Ultra-high-temperature (UHT) cream, 

126 
Ultra-high-temperature (UHT) 

pasteurization, 93, 95 
Ultra-high-temperature (UHT) process, 

for cream, 136-137 
Ultra-high-temperature (UHT) 

sterilization, 96-97 
Ultra-high-temperature (UHT) 

treatment, 181 
Ultra-pasteurization, 93,95-96 
Ultra-pasteurized milk. 106 

Ultrasound imaging, 709 
Ultraviolet light treatments, 566 
Unclean areas, 570 

Exterior udder 

microflora of, 107 

United Kingdom 
bacteriological control in, 252 
bacteriological rinses in, 69 
bulk tank contamination in, 77 
commercial yogurts in, 382 
creams in, 123-124 
farm tanks in, 74 
ice cream and frozen desserts in ,  217 
payment system in, 41-42 

grade A regulations in, 84 
ice cream manufacture in, 217 
mastitis in, 52 
milk distribution system in, 91 
pasteurization in, 95 
pay premiums in, 42 

United States Code of Federal 
Regulations, 479 

United States Food and Drug 
Administration (FDA), 94 

Unripened soft cheeses. 480-489 
manufactured by acid-heat 

coagulation, 487-489 
rennet-coagulated, 485487 

United States 

Unsalted sweet cream butter, 169 
Uperisation steam-into-milk system, 97 
USSR, kefir starter cultures in, 411 

Vacuum drying, 299 
Validation records, review of, 645 
Vancomycin-resistant enterococci 

Vanilla, 226-227 
Vatibatch pasteurization, 94 
Vat pasteurization, 95 
Vedamuthu, Ebenezer R., 479 
Vegetable fats, 246 
Ventilation, 658 
Viili, 419, 420 
Violet red bile glucose agar (VRBA). 254 
“Viscubator,” 334 
Vitality test, 346 
Vitamin binders, 60 
Vitamins, in milk, 11 
Voges-Proskauer, test 

(VRE), 532 

Wails 
contamination and, 572-573 
standards for, 659 
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“Warm room,” 527 
Washing facilities, 584 
Waste disposal, 586 
Water 

drinking and process, 567 
as a source of airborne microbial 

sources of, 662 
used for processing, 661-662 
used in cooling systems, 662463 

populations, 657 

Water baths, 387-388 
Water-borne organisms, 139 
Water contamination, 565-566 
Water ices, 215 
Water quality, 25 1 
Water supply 

microbial control of, 661-663 
as a source for microbial 

contamination, 66 
Westfalia thermoprocess, 484,485 
“Wet traffic,” 112-1 13 
Whey, manufacture of products from, 

Whey cultures plus rennet, 293 
Whey medium, 341 
Whey powder, 222,223 
Whey products, 18,23 
Whey protein concentrate (WPC), 341 
Whey proteins, 9-10 

Whey starter cultures, 293 
Whipped cream, 141 
White mold, 283,346 
Whole milk 

24 

denaturation of, 26 

homogenization of, 29 
spray drying of, 32 

Wilbey, R. Andrew, 123 
Wood shavings, bacteria in, 60 
“Working culture,” 320 
Work instructions, 646-647 
Working environment, maintaining a 

clean, 561-587 
World Health Organization (WHO), 

444,652 
Wszolek, Monika, 367 

Yakult, 458459 
Yeast-lactic fermentations, 40741 9 
Yeasts, 502-503,542 

classification of, 284 
in cottage cheese, 505 
in cream, 154-155 
in starter cultures, 283-285 

Yersinia enterocolitica, 112,204,402 
Ylette, 374 
Ymer, 374 
Yogurt, 367-369,376-404. See also 

Yogurt quality; Yogurt-related 
products 

cholesterol and, 4477 
classification of, 377 
composition of, 382 
concentrated/strained, 404406 
cooling, 389 
dried, 407 
drinking/fluid, 404 
frozen, 216,406 
manufacturing stages of, 378,379 
microbiological quality of, 401-403 
microbiology of the fermentation of, 

packaging, 390-391 
pasteurized, 406 
probiotic, 455,457458 
quality of, 403-404 
starter activity inhibitors of, 400-401 
starter culture “gums” produced by, 

392-403 

397 
Yogurt coagulum, 382 
Yogurt milk 

fortification of, 377-379 
homogenization and heat treatment 

inoculation with starter cultures, 

starter organism activity and, 399 

fortification/standardization of, 381 
preparation of, 377-382 

Yogurt production lines, large-scale, 380 
Yogurt quality, 403404 

metabolic products important for, 

of, 382-384 

384-387 

Yogurt milk base 

395-399 

differentiating media, for-385 
Yogurt starter cultures, culture 

Yogurt-related products, 404407 

“Z” blenders, 166 
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