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Preface 

Milk has been an important food for man since the domestication of 
cattle and the adoption of a pastoralist agriculture. It is also the most 
versatile of the animal-derived food commodities and is a component of 
the diet in many physical forms. In addition to milk itself, a rural 
technology evolved which permitted the manufacture of cheese, fer
mented milks, cream and butter. At a later date, successive advances in 
technology were exploited in the manufacture of ice cream, concen
trated and dried milks and, at a later date, of ultra-heat-treated dairy 
products, new dairy desserts and new functional products. At the same 
time, however, dairy products have been increasingly perceived as 
unhealthy foods and a number of high quality dairy substitutes, or 
analogues, have been developed which have made significant inroads 
into the total dairy food market. Paradoxically, perhaps, the technology 
which, on the one hand, presents a threat to the dairy industry through 
making possible high quality substitutes offers, on the other hand, an 
opportunity to exploit new uses for milk and its components and to 
develop entirely new dairy products. Further, the development of 
products such as low fat dairy spreads has tended to blur the distinction 
between the dairy industry and its imitators and further broadened the 
range of knowledge required of dairy scientists and technologists. 

One of the most striking features of the traditional dairy industry is the 
manner in which technology, chemistry and, subsequently, microbiol
ogy were integrated to allow the manufacture of high quality and safe 
products. It is considered that a similar integration of disciplines is 
required both to enable the dairy industry to meet the many future 
challenges, and also to permit the student of Food Science, Food 
Technology and related subject areas to gain a true knowledge of the 
nature of dairy products. 

In writing this book, we have been very conscious of the requirements, 
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not only of undergraduate and equivalent students, but of the new 
graduate entering industry and facing new and potentially frightening 
situations. To this end, the book is structured to meet the requirements 
both of the student, with a basic knowledge of chemistry, biochemistry 
and microbiology and of persons working in the dairy industry. The 
basic approach is to discuss the manufacturing process in the context of 
technology and its related chemistry and microbiology, followed by a 
more fundamental appraisal of the underlying science. The dairy 
industry is defined in a broad context and information is induded on 
imitation products and analogues. 

A number of innovations have been adopted in the presentation of the 
book. Information boxes and • points are used to place the text in a 
wider scientific and commercial context, and exercises are induded in 
most chapters to encourage the reader to apply the knowledge gained 
from the book to unfamiliar situations. It is also our firm belief that the 
control of food manufacturing processes should be considered as an 
integral part of the technology and for this reason control points, based 
on the HACCP system, are induded where appropriate. 
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book 

EXERCISES 

Exercises are not intended to be treated like an examination question. 
Indeed in many cases there is no single correct, or incorrect, answer. 
The main intention is to encourage the reader in making the transition 
from an acquirer of knowledge to a user. In many cases the exercises are 
based on 'real' situations and many alternative solutions are possible. In 
some cases provision of a full solution will require reference to more 
specialist texts and 'starting points' are recommended. 

CONTROL POINTS 

In most chapters control points, derived from HACCP analysis, are 
included for the main processing stages. These are linked to process 
flow-diagrams. Points designated as CCP 1 are those which ensure 
elimination of a hazard; those designated CCP 2 are either points at 
which a hazard can be controlled but not eliminated or points which 
must be controlled to ensure satisfactory product quality. The inclusion 
of control points is intended to encourage a way of thinking in which 
control is an integral part of technology. If required, readers may use the 
control points included to further develop the HACCP approach for 
themselves. 
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1 

INTRODUCTION 

OBJECTIVES 

After reading this chapter you should understand 
• The nature of milk 
• The importance of milk as an agricultural commodity 
• The biosynthesis of milk 
• The chemical constituents of milk and their relation to processing 
• The nutritional importance of milk constituents 
• Milk flavour 
• Undesirable substances in milk 
• The microbiology of milk at farm level 

1.1 THE NATURE OF MILK 

For young mammals, including human infants, milk is the ftrst food 
ingested and, in most cases, it continues to be the sole constituent of the 
diet for a considerable period of time. Milk is a complex biological fluid, 
the composition and physical characteristics of which vary from species 
to species, reflecting the dietary needs of the young mammal. The major 
constituent of milk is water, but according to species milk contains 
varying quantiti~ of lipids, proteins and carbohydrates which are 
synthesized within the mammary gland. Smaller quantities of minerals 
and other fat-soluble and water-soluble components derived directly 
from blood plasma, specillc blood proteins and intermediates of mam
mary synthesis are also present (Table 1.1). 

1.2 MILK PRODUCTION AS AN ACTNI1Y OF MAN 

Domestication of animals such as the cow and the availability of milk 
surplus to that required to feed the young, meant that animal milk 
became part of the adult human diet. Many animals are exploited to 
produce milk for human consumption; cows, goats, sheep, buffaloes, 

A. H. Varnam et al. (eds.), Milk and Milk Products
© Alan H. Varnam and Jane P. Sutherland 1994



2 Introduction 

Table 1.1 Average composition of cow's milk 

Component Percentage Percentage of solids 

Lactose 4.8 37.5 
Fat 3.7 28.9 
Protein 3.4 26.6 
Non-protein nitrogen 0.19 1.5 
Ash 0.7 5.5 

camels and mares all forming the basis of commercial milk production in 
various parts of the world. In general, the dominant milk-producing 
animal in a region reflects the geographic and climatic conditions. 
Goats, for example, can be successfully farmed in mountainous regions 
with poor grazing, which would be quite unsuitable for cattle. In many 
parts of the world the cow is of overwhelming importance in milk 
production and in some countries, including the UK, milk of species 
other than the cow is not legally defined as 'milk'. 

The discussion in this book refers to cows' milk unless other types are 
mentioned by name. 

BOX 1.1 The friendly cow 

The so-called 'cow culture' has come under severe attack by some 
environmentalists in recent years. The cow is considered to be an 
inefficient means of food production and to require land which 
could otherwise be used for direct production of human food. The 
cow has also been accused of being a major agent of global 
warming through production of rumen gases. With respect to food 
production, the anti-cow argument fails to take account of the 
ability of the rumen to synthesize nutrients from fibrous and 
cellulosic plant materials and from simple nitrogen sources such as 
urea, none of which play any direct role in human nutrition. 
Further it is simplistic to suggest that substitution of milk ana
logues made from soya would vitalize farming in developing 
countries. Quite apart from the disruptive effect on traditional 
agricultural patterns and the energy cost of transporting and 
processing soya, it must be recognized that farmers in the third 
world do not grow rich by supplying cash crops to western 
markets. 
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1.2.1 The economic importance of milk production 

The relative economic importance of milk production to a national or 
regional economy is largely dictated by the suitability of the area for 
grass production. Other factors can also be of importance including the 
extent of government intervention through subsidies or other economic 
mechanisms and the availability of export markets. In the UK, for 
example, milk is probably the most important single agricultural com
modity and in the years up to 1991 milk sales accounted for more than 
20% of total farm sales. The importance of milk in the UK agricultural 
economy has been attributed to the temperate climate, heavy rainfall 
and suitability for grass production as well as favourable governmental 
attitudes including heavy subsidies and guaranteed payments. 

In recent years, however, the dairy industry in the UK and other 
member countries of the European Economic Community (EEC) have 
been affected by attempts to balance milk production with milk 
consumption. This has involved, since 1984, a complex system of quotas 
for each producer. The overall effect has been to reduce milk produc
tion within the EEC, but the economic consequences for milk
producing regions have been severe and have led to many farmers 
abandoning totally dairy farming, or adopting collaborative working 
practices with neighbours. In the UK the number of dairy cows, which 
had risen over the years 1965 to 1983, fell over the 5 years from 1984 to 
1989 from 3 328 000 to 2 868 000. This was reflected in a loss of 
confidence amongst dairy farmers and a Significant fall in land prices. 
Dairy farming tends to be concentrated in high-rainfall regions of the 
west and economic consequences extended beyond the producers. The 
closure of creameries following reduced milk production, for example, 
can cause considerable hardship in areas where little alternative 
employment is available. 

BOX 1.2 Three acres and a cow 

The milk quota system is often seen as an example of bureaucratic 
interference. For many years, however, the dairy industry and its 
structure have been the subject of political and economic contro
versy. During agitation for land reform during 1885, for example, it 
was envisaged that farm labourers could attain self-sufficiency if 
resources were distributed as three acres and a cow per family. 
The slogan 'Three acres and a cow' thus became an important part 
of land reform propaganda. 
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The availability of export markets is of particular importance to 
countries such as Eire and New Zealand which have a large surplus of 
milk and which have developed large processing industries. A similar 
situation exists within the internal economy of the US where states such 
as Michigan are exporters of milk and dairy products to other parts of 
the country. Exports of dairy produce from New Zealand and Australia 
have been affected by the creation of the EEC and it has been necessary 
to develop alternative markets in the Far East and Middle East. 

1.2.2 The structure of the dairy industry 

The structure of the dairy industry varies widely from country to 
country. At one extreme the producer is selling surplus milk from one, 
or a small number of animals, while at the other extreme a single herd 
may comprise several hundred animals. In the developed world there 
has been a number of long-term trends. The number of producers have 
tended to fall, while at the same time the average herd size has 
increased. At the same time the average milk yield per cow has steadily 
increased. The increase in milk yield has resulted from improvements in 
cattle breeding, induding herd improvement through artificial insemi
nation schemes, improvements in nutrition and general herd manage
ment, induding reduction in the incidence of mastitis. More recently 
the use of bovine somatotrophin (BST) as a means of increasing milk 
yield has been a cause of considerable controversy in a number of 
countries. 

Increase in herd size and yield has been paralleled by increasing 
automation of milk production. Hand-milking has almost disappeared 
from commercial agriculture and machine-milking increasingly involves 
highly automated parlour systems. In some cases electronic 'tags' allow 
individual cows to be automatically identified as the parlour is 
approached, allowing automated feeding and recording of yield . 

• Mastitis is In.tlammation of the udder. The usual cause Is bacterial infect.ion, although 
other factors including milking practices and type of housing may predispose animals to 
infection. Mastitis may be present in a clinical form, where visible changes may be seen ~ 
the milk or, more commonly, in sub-cJinjcal form. Milk yield is reduced by mastitis while 
severe cases ('August bag' ) often result in permanent loss of milk production In tht1 
alf'ected part of the udder and even in death. A large number of micro·organlsms 
cause mastitis, some ofwhlch are also human pathogens (see page 35-6). Mastitis due to 
specific mastitis pathogens, which are spread from udder to udder, may be controUed by 
disinfecting tcats, maintaining the hygienic status of milking machines and by prophylac. 
tic and therapeutic intra-mammary administration of antibiotics to non-lactating cattle 
(dry cow therapy). In such circumstances mastitis due to organisms derived from the 
environment becomes of much greater significance_ 
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Marketing systems for milk also vary widely. In less developed countries, 
all of the milk may be sold directly to the public, but in the major milk 
producing countries most milk is sold from the farm on a wholesale 
basis. The commercial relationships between producer and processor 
differ from country to country. In countries such as Eire and Australia 
many of the large-scale processors are owned by the farmers on a 
co-operative basis, while in the US farmers agree individual contracts 
with processors. Until recently, wholesale sales in the UK were made 
through the Milk Marketing Boards, but legislative changes will enable 
farmers to deal directly with processors. 

A common feature to milk marketing arrangements in many countries is 
the principle of payment according to milk compositional quality. In the 
past, fat has been considered to be, commercially, the most important 
component of milk and most quality payment schemes have been based 
on fat content. More recently other components, especially protein, 
have increased in relative value and this is reflected in the introduction 
of protein and/or lactose into payment schemes. The use of composi
tional quality in determining price paid to the farmer may be illustrated 
by reference to the situation pertaining in England and Wales during 
July 1990 in which the producers' price was determined by multiplying 
the levels of fat, protein and lactose by assigned values for each 
constituent (Table 1.2). 

The producers' price is, however, subject to adjustment. A seasonal 
price differential is applied to encourage a more even milk supply. 
This varies from -14.5% of the basic price for milk produced in May, 
to +30.3% for that produced in August. Milk produced in July has a 
seasonal differential of +21.6% and thus a basic producers' price of 
17.187 pence per litre (ppl; Table 1.2) is increased to 20.899 ppl. 

For many years, since the recognition of milk as a vehicle of human 

Table 1.2 Calculation of milk prices on the basis of compositional quality, 
England and Wales,]uly 1990 

Composition (% Y 

Fat 
Protein 
Lactose 

3.95 
3.21 
4.55 

x 
x 
x 

1 Assumed values for example only. 

Assigned value 
(pplper 1%) 

2.141 
2.254 
0.329 

Producer price (ppl) 

8.456 
7.235 
1.496 

17.187 
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disease, there have been continuing efforts both to eradicate milkborne 
zoonotic diseases, such as tuberculosis and brucellosis, and to raise the 
overall standard of milk hygiene. Specific programmes were employed 
to eradicate zoonotic diseases by elimination of the causative organisms 
from the national herd (see page 38-9), but improvement of the overall 
standard of milk hygiene largely involved the education of milk produc
ers, supported by laboratory testing to determine the microbiological 
status of the milk at farm level. In recent years, a number of countries 
have introduced a weighting into milk payment schemes according to 
the microbiological status of the milk. The underlying rationale is that all 
producers should be capable of meeting high standards as determined 
by total viable count (total bacterial count; TBe). The payment schemes 
tend, therefore, to be punitive, with only a small, or no, additional 
payment for achieving the highest hygienic category, but with increas
ingly severe financial penalties being applied with increasingly high 
bacterial counts. The schemes vary in detail (Table 1.3), more rigorous 
standards being applied where the general standards of hygiene are 
already high. 

1.3 BIOSYNlHESIS OF MILK 

Milk is the product of the mammary gland, that of the cow being 
illustrated in Figure 1.1. Milk originates in the secretory tissue and 
collects in a series of ducts, which increase in size as the milk moves 

Table 1.3 Adjustments to milk payments according to microbiological status 

England and Wales Milk Marketing Board 
Grade Criteria 1 

::/>2 X 104 

>2 X 104 but <1 X 105 

> 1 X 105, but no deduction in previous 6 months 
> 1 X 105 , and c 1 deduction in previous 6 months 
> 1 X 105 and C2 or C3 deduction has been applied 

Aberdeen and District Milk Marketing Board 
Average total bacterial count/ml 

:s:;; 4.5 X 104 

4.6 X 104 to 9 X 104 

9.1 X 104 to 1.3 X 105 

>1.3 X 105 

Adjustment 

+0.23 
o 

-1.502 

-6.002 

-10.0 

Adjustment 
o 

-0.243 
-1.215 
-2.43 

1 Based on the average of at least two valid determinations of total bacterial count per 
millilitre in the previous month. 
2 Provided at least two results exceeded 1 X 105, otherwise milk qualifies for Grade B. 
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Figure 1.1 The bovine mammary gland. Redrawn with permiSSIOn from 
Swaisgood, H.E. 1985. In Food Chemistry, 2nd edn (ed. Fennema, O.R.). Marcel 
Dekker, New York. 

towards the teat. The alveolus may be considered as the smallest 
complete unit of milk production and is approximately spherical in 
shape with a central storage lumen surrounded by a single layer of 
secretory epithelial cells. Secretory cells are orientated so that the apical 
end, which has a unique membrane, is positioned adjacent to the lumen, 
while the basal end is separated by a basement membrane from blood 
and lymph. Metabolites enter the secretory cell from the bloodstream 
via the basement membrane and are utilized in milk synthesis by the 
endoplasmic reticulum, energy being supplied by mitochondria. The 
endoplasmic reticulum appears as a series of tubes, the cisternae, which 
empty into the Golgi apparatus. The Golgi apparatus is transformed into 
Golgi vesicles which transport the aqueous phase milk components to 
the apical plasma membrane. The Golgi vesicles then merge with the 
apical plasma membrane, fuse to become part of the membrane and 
discharge the aqueous phase into the lumen. In this process the inside of 
the vesicle membrane becomes the outside of the cell plasma mem
brane. 
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The lipid phase is also synthesized in the endoplasmic reticulum and 
collects as droplets on the cytoplasmic side of the membrane. The 
droplets move to the apical plasma membrane and pass into the lumen 
by pinocytosis. In this process the surface acquires a coating of plasma 
membrane which has important future consequences for the manufac
turing properties of milk. 

Synthesis is completed in the alveolar lumen where lactose is synthe
sized and proteins glycosylated and phosphorylated. Casein micelles 
appear both in the Golgi vesicles and in the lumen. 

The secretory epithelial cells are surrounded by a layer of myoepithe
lial cells and blood capillaries. When the circulating pituitary hor
mone, oxytocin, is bound to the myoepithelial cells the alveolus 
contracts and the milk is expelled from the lumen into the duct 
system ('let down'). 

1.4 THE COMPOSITION OF MILK 

1.4.1 The milk proteins 

Milk proteins are of two distinct types, whey proteins (serum proteins) 
and caseins. Caseins constitute over 80% of the total protein of milk, 
although the relative proportion of whey proteins to casein varies 
according to the stage of lactation. Milk produced in the first few days 
after calving and towards the end of lactation is of substantially higher 
whey protein content than that produced in mid-lactation. This increase 
is accompanied by elevated levels of blood serum proteins. 

(a) The caseins 

The caseins of milk may be subdivided into five main classes, 0:51 -, 0:5[, 

/3-, y- and K-caseins (Table 1.4). Of these all except y-casein are 
mammary gland gene products, y-casein resulting from post
translational proteolyis of /3-casein. This may be due either to native milk 
proteinases, primarily plasmin, or to the proteolytic activity of bacteria. 
The relative proportions of 0:-, /3- and y-caseins are subject to genetic 
variation within individual herds and there can be Significant differences 
in casein composition of milk from different cows. The casein composi
tion of bulk milk, however, varies very little at any single stage in 
lactation. 

The caseins are globular proteins and have an amino acid content similar 
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Table 1.4 The caseins of milk 

Fraction Molecular weighe Phosphoserine residues 

Alphas I 23000 
Alpha,2 25000 
Beta 24000 
Gamma 11 600-20 500 
Kappa 1980 

I Molecular weight of monomer. 
20nly carbohydrate containing casein. 

7-9 
10-13 

5 
o or 1 

12 

9 

to that of other types, although cysteine is present, in small quantities, in 
only (Xs2- and K-casein. An unusual feature of caseins is the post
ribosomal modification which results in the phosphorylation of the 
hydroxyl groups of serine. The phosphoserine residues are involved in 
providing caseins with their unique properties. 

Alphasl-casein contains seven to nine phosphoserine residues per mole, 
(Xsz, 10 to 13 and B-, five. Phosphoserine residues are concentrated in 
clusters and are responsible for the existence of hydrophilic areas of 
strong negative charge. The molecules also contain blocks of hydropho
bic residues. Beta-casein contains the most hydrophobiC component 
and forms aggregates with the N-terminal hydrophilic parts exposed to 
solvent and hydrophobic parts in the interior. 

Alpha,-caseins are sensitive to calcium due to the presence of phosphate 
groups and precipitate in the presence of Ca2+ ions at a pH value of 7.0. 
The polypeptide chains contain 8.5% proline which restricts the extent 
of (X-helix formation. 

Kappa-casein differs from (X- and ~-casein in having only one phospho
serine group and in containing a charged oligosaccharide moiety. The 
K-casein molecule appears to consist of a relatively stable, single 
disulphide bonded structure within which are both (X-helical and 
B-sheet regions. The chymosin-sensitive Phe lOS-Met106 bond is thought 
to protrude from the molecular surface. One third of the K-casein 
molecule is represented by the strongly ionic C-terminal section, which 
contains the three oligosaccharide residues. The remainder of the 
molecule is highly hydrophobiC and corresponds to the para-K-casein 
formed after hydrolysis of the Phe-Met bond (see Chapter 7, page 
322-3). 

The ampiphilic nature of caseins and their phosphorylation facilitate 
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interactions with each other and with calcium phosphate to form highly 
hydrated spherical complexes known as micelles. These are of varying 
size, the diameter varying from 30 to 300 om (mean diameter ca. 
120 nm, molecular weight 108 ) . The protein content of micelles is 92%, 
composed of <Xs1 -' <Xs2-' ~- and K-caseins in an average ratio of 3: 1 :3: 1. The 
remaining 8% is composed of inorganic constituents, primarily colloidal 
calcium phosphate. This is believed to be in the form of amorphous 
tertiary calcium phosphate distributed throughout the micelle and the 
presence of calcium ions is an absolute essential for micelle formation. 
Transformation to more stable forms, such as hydroxyapatite, is pre
vented by the pre~ence of other ions, especially magnesium. Phosphate 
also appears to be essential in the formation of temperature-stable 
micelles. 

A number of models, often contradictory, have been proposed for the 
casein micelle. The most satisfactory envisages the casein micelle 
consisting of an aggregate of almost spherical sub-micelles, which in 
turn consist of more limited aggregates of casein molecules (Figure 1.2). 
The calcium phosphate and <Xs- and ~-caseins are linked by the involve
ment of the phosphoserine residues in the structure of the calcium 
phosphate. Kappa-casein is localized on, or very close to, the surface of 
the casein micelle. The hydrophobic part of the K-casein molecule is 
bound to the core of the micelle, while the hydrophilic macropeptide 
forms a layer of highly hydrated 'hairs', which project into the aqueous 
phase. Kappa-casein hairs are responsible for the steric stabilization of 
casein micelles. 

Components of the casein micelle appear to be in equilibrium with the 

Figure 1.2 The casein micelle: schematic diagram. 

o 
y 
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aqueous phase, and while freshly secreted milk contains only small 
quantities of soluble casein, some casein together with colloidal calcium 
phosphate dissociates from the micelle during storage at ca. O°c. 
Beta-casein is primarily involved and as much as 40% can enter solution. 
Relatively little exs- or K-casein dissociates and for this reason it has been 
postulated that these two components have the major structural role. 
Dissociation is reversible, but it is not known whether, or not, the native 
structure is re-attained. 

(b) Whry proteins 

Whey proteins comprise two gene products, B-Iactoglobulins and 
ex-Iactalbumins, proteose-peptones (partly derived from hydrolysis of 
B-casein) and small quantities of the blood-derived proteins, serum 
albumin and immunoglobulins (Table 1.5). 

In structure, whey proteins are typical compact globular proteins, with a 
relatively uniform sequence distribution of nonpolar, polar and charged 
residues. The proteins undergo intramolecular folding as a result of the 
formation of disulphide bonds between cysteinyl residues, which buries 
most of the hydrophobic residues in the interior of the molecule. For 
this reason whey proteins do not aggregate strongly, or interact with 
other proteins, in the native state. 

The major whey protein, B-Iactoglobulin, undergoes limited self
association, at milk pH values, to form a dimer with a geometry 
resembling two impinging spheres. The dimer dissociates in solution at 
60°C, thus becoming susceptible to denaturation by unfolding of the 
tertiary structure. Alpha-lactalbumin has a homologous primary struc
ture, resembling that of lysozyme, and has a highly compact, virtually 
spherical shape. The molecule is of greater heat stability than that of 
B-Iactoglobulin. 

Table 1.5 The whey proteins of milk 

Fraction 

Beta-lactoglobulin 
Alpha-lactalbumin 
Serum albumin 
Immunoglobulins 

Molecular weight 1 

18300 
14000 
63000 

up to 1000000 

1 Molecular weight of monomer. 
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(c) Effect of beat on milk proteins 

Casein micelles are remarkably stable at temperatures up to 140°C. In 
contrast, whey proteins are relatively heat-labile, extensive denaturation 
occurring at BO°C. Denaturation is accompanied by extensive breaking 
and randomization of the stabilizing disulphide bonds. Beta-lacto
globulin is more heat-labile than <x-lactalbumin as a consequence of its 
one free sulphydryl group, which permits the initiation of autocatalytic 
disulphide exchange reactions. 

Denaturation of ~-lactoglobulin has further important consequences, 
since at 100°C and higher temperatures, interaction occurs between 
~-lactoglobulin and K-casein. Interaction probably involves a thio
disulphide interchange, and while K-casein remains on the surface, the 
micellar surface properties are altered. These changes affect the interac
tion of the micelles with calcium phosphate and, in turn, their stability. 
Preheating unconcentrated milk at 90°C, for example, reduces its 
stability during further processing at higher temperatures. In contrast, 
the stability of concentrated milk is increased by heating at 90°C. This 
probably results from the heat-induced reduction in calcium ion 
concentration, which is very marked in concentrated milk, outweighing 
the destabiliZing effect of micellar reaction with ~-lactoglobulin. 

Continued heating leads to further changes including a general heat
induced proteolysis, formation of lysinoalanine and Maillard browning. 
Heating for periods in excess of 20 min at 140°C leads to destabilization 
of casein micelles and gel formation. 

(d) Milk proteins and tbe bebaviour of milk during processing 

The properties of milk proteins relate to the behaviour of milk during 
processing both through the specific nature of the casein micelle and 
through the amino acid sequences which ultimately determine func
tional properties. 

The most important reactions of the milk proteins are those which 
involve destabilization of the protein micelles. In some cases these are 

• Alpha·lactalbumin serves an imponant function as a modifier during biosynthesis of 
lactose and the protein is present in aU lactose.containing milks. Alpha·lactalbumin is 
bound to the enzyme gaJactosyl transferase and it has been suggested that its mode of 
action is to bring its monosaccharide binding site (specificity for glucose) into proximity 
to the monosaccharide binding site of the enzyme. 
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technologically desirable reactions, such as the formation of a gel either 
when the pH of milk is reduced (e.g. manufacture of fermented milks 
and acid-set cheese), or when K-casein undergoes selective proteolysis 
(e.g. manufacture of Cheddar cheese). Under the correct conditions 
acidification may also be used to fractionate the milk proteins (e.g. 
manufacture of acid casein). In other cases, however, reactions involv
ing destabilization of micelles are technologically undesirable. Examples 
include the various reactions involving aggregation of casein which 
occur during age thickening of concentrated milks. 

The functional properties of both casein and whey reflect the sequence 
of amino acids and thus the conformational structure of the proteins. In 
the case of casein, the ampiphilic nature of the molecule, with the amino 
acids falling into hydrophilic and hydrophobic domains, imparts 
extremely good surface active properties and thus the functional 
properties of whipping/foaming and emulsification. These properties 
are, however, relatively dependent on pH value. 

Whey proteins are not ampiphilic in nature and are generally of lower 
surface activity than casein. Foam stabilizing properties are, however, 
superior since a more rigid film is formed at the air/water interface. 

(e) Nutritional properties of milk proteins 

Milk protein is of very high nutritional value and both caseins and whey 
score very highly when compared to the United Nations Food and 
Agricultural Organization provisional scoring pattern for quality. The 
two types of milk protein are complementary with respect to content of 
essential amino acids and this obviates the slight deficiency in the 
sulphur amino acids, methionine and cysteine, in casein. Milk protein is 
also highly digestible, although digestibility can be reduced by process
ing. Processing can also lead to nutrient loss (see subsequent chapters ). 

1.4.2 Milk fat 

Milk fat is generally regarded as being of complex composition. Triacyl
glycerols are dominant and constitute ca. 98% of milk fat, together with 
small amounts of di- and monoacylglycerols and free fatty acids. 
Measurable quantities of phospholipids, cholesterol and cholesterol 
esters and cerebrosides are also present (Table 1.6). Other ingredients 
are present only in very small quantities but may be of importance in 
determining the organoleptic character and nutritional status of milk. 
These are the fat soluble vitamins, mainly A, D and E, together with small 
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Table 1.6 Average lipid composition of milk 

Lipid 

Triacylglycerols 
Diacylglycerols 
Monoacylglycerols 
Free fatty acids 
Free sterols 
Sterol esters 
Phospholipids 
Hydrocarbons 

% by weight 

97-98 
0.3-0.6 

0.02--0.04 
0.1--0.4 
0.2--0.4 

trace only 
0.2-1.0 

trace only 

quantities of vitamin K, flavour components, identified as aldehydes, 
ketones and lactones (see page 27) and carotenoid pigments. 

(a) The fat globule 

Lipid molecules in milk associate to form large spherical globules, which 
are surrounded by a phospholipid-rich layer, the milk fat globule 
membrane, derived during secretion through the apical plasma mem
brane (see page 8). The globules range in diameter from ca. 1 !llll to ca. 
12 !llll, with a mean diameter of ca. 3 ~m. The mean diameter is related 
to fat content of the milk and is greater in high-fat milk. 

The milk fat globule membrane stabilizes the hydrophobic lipid in the 
aqueous environment of milk. Approximately 60% of milk phospholipid 
and 85% of milk cholesterol are located within the membrane, which 
also contains high concentrations of milk enzymes such as alkaline 
phosphatase and xanthine oxidase. The lipid composition of the milk fat 
globule membrane is similar to that of the plasma membrane, although 
composition changes during the ageing of milk. The membrane is often 
considered to be continuous over the entire globule surface, but there 
may be areas where the surface consists of components of cellular 
cytoplasm adsorbed to the fat before secretion. 

The relationship between the fat globules and the aqueous phase of milk 
may change in a number of ways during storage, or processing, of milk 
(Figure 1.3). Creaming, for example, imparts the characteristic 'cream
line' appearance to non-homogenized bottled milk, but is undesirable in 
some products due to formation of a cream plug. Creaming is a 
consequence of the lower density of the fat phase and this density 
difference enables milk fat to be separated from milk by centrifugal 
centrifugation. Creaming is more rapid than would be expected from 
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Figure 1.3 Possible changes to emulsions during processing and storage. 
Redrawn with permission from Fillery-Travis, A. et al. 1990. Food Science and 
Technology Today, 4, 89-93. 

theoretical considerations, probably because of the clumping of glob
ules under the influence of immunoglobulins. Homogenization (see 
Chapter 2, page 53) is used to reduce the average diameter of the fat 
globule to below 0.8 !-tm, so that the dispersive force of Brownian 
movement overcomes the tendency to float. The larger surface area of 
homogenized fat globules means that insufficient milk fat globule 
membrane is present for stability, but milk proteins, primarily the 
caseins, bind to the exposed fat and act as emulsifying agents to stabilize 
the globules. More drastic physical treatment, or thermal shock, can 
rupture the membrane, releasing free fat and 'breaking' the emulsion. 
This process is exploited in buttermaking (see Chapter 6, page 234). 

(b) Fatty acid composition of milk fat triacylglycerols 

The fatty acid composition of milk fat triacylglycerols is extremely 
complex and several hundred have been identified. It is, perhaps, 
fortunate for the understanding of milk fat that 15 fatty acids account for 
more than 95% of those present in triacylglycerols, the great majority 
being present only in very small quantities. All bovine milk fats comprise 
the same spectrum of 8 saturated fatty acids containing an even number 
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of carbon atoms (4:0, 6:0, 8:0, 10:0, 12:0, 14:0, 16:0 and 18:0); two 
odd-numbered saturated acids (15:0 and 17:0); dienes and trienes (18:2 
and 18:3) and three monounsaturated fatty acids (14:1,16:1 and 18:1). 
The proportion of each fatty acid varies according to the stage of 
lactation and diet and it is possible to manipulate the relative proportion 
of the main fatty acids by alterations to the diet (see pages 18-19). 

Under normal conditions saturated fatty acids account for ca. 70% of the 
total fatty acid content (by weight), monounsaturates account for ca. 
27% and dienes and trienes for only ca. 3% . 

(c) Distribution 0/ triacylglycerols 

Triacylglycerols containing an even number of carbon atoms are 
dominant in milk fat. This reflects the fatty acid composition, although 
the proportion of odd-numbered triacylglycerols is ca. 3 times that of 
the fatty acids. 

The distribution of triacylglycerols is also a consequence of the fatty 
acid composition. Milk fat contains a range from a CN of less than 26 up 
to 54. Milk fat is not constructed on a random basis, fatty acids 4:0 and 
6 :0 being found on the glycerol moiety virtually exclusively at position 
SN3. For this reason, 40-50% (numerically) of the triacylglycerols are of 
CN < 42. 

(a) Melting ana crystallization o/milk/at triacylglycerols 

The melting and crystallization properties of milk fat are of major 
importance in determining the physical attributes of high-fat dairy 
products such as butter and ice cream. Melting behaviour is complex as 
a result of the complex nature of the fatty acid composition of the 
triacylglycerols. Melting commences at ca. -40°C and is complete at 
+40°c. At any intermediate temperature, both liquid and solid fat is 
present; the ratio of solid to liquid, at any given temperature, largely 

• Medical concern over the adverse dect of consuming Large QlW1tities of dairy fat, 
usually stems from the high level of saturation. The monounsaturated fatty acid content, 
however, is domlnated by 18:1 and it has been argued Wt the relatively high 
concentration of this fatty acid means that milk fat should more correctiy be regarded as 
lacking in polyunsaturation (International Dairy Federation, 1991) . 

• The nomenclature of triacylglycerols is defined by reference to the number of carbon 
atoms present in the fa rty acid moiety of the molecule. Thi is usuaHy referred to as the 
carbon number (CN). 
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determining the rheological properties of the fat. 

Crystallization commences as the temperature of liquid fat is reduced. 
The first stage, nucleation, requires a considerable degree of supercool
ing and, when fat is cooled in bulk, occurs at the surface of impurities 
(heterogeneous nucleation). The second stage, crystal growth, tends to 
be slow because of competitive inhibition, a process whereby a 
triacylglycerol not sufficiently similar to those already present is 
rejected at the surface of the growing crystal. Although significant in 
terms of slowing crystal growth, competitive inhibition is of less 
importance in milk fats than other crystal systems due to the general 
level of Similarity between the triacylglycerol species. The formation of 
mixed crystals, containing more than one triacylglycerol species is 
common and the melting behaviour of milk fat has been explained in 
terms of the formation of a series of mixed crystals with extensively 
overlapping melting ranges. 

Crystals of milk fat have a strong tendency to polymophism. Three, and 
pOSSibly more, crystalline forms of fat exist and are of practical 
significance, a, W and ~. The a-form is least stable and tends to convert 
to the W within a few minutes. In contrast, the W -form is relatively 
stable in milk fat and further transformation to the ~-form is a lengthy 
process which can take as long as several months depending on the 
nature of the triacylglycerols present. 

The crystal structure of the fat describes the way in which a three
dimensional network develops from the individual crystals. To a great 
extent the solid and liquid fats may be considered to form,," continuous 
phase and the crystal structure is of major importance in determining 
the plasticity of the fat. 

It is possible to differentiate between a primary and secondary lipid 
structure. The primary structure is that which develops when the 
crystals form in the absence of agitation. Such a structure is of 
considerable strength but, if broken by application of mechanical force, 
does not readily re-form. In many instances the primary structure is 
replaced by a significantly weaker secondary structure, which readily 
re-forms after breakage. A large proportion of the structure is in 

• In practice acyJglycerols faU Into three groups with respect to melting point. 
I. High melting acylglycerols: melt at 2HO·C, comprise 1~15% total. 
2. Middle (medium) melting acylglycerols: melt at 0-20·C, comprise 30-45% total. 
3. Low melting acylglycerols: melt at below O°C, comprise 30-55% total. 
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secondary form when crystallization occurs under conditions of vigor
ous agitation. 

(e) Phospholipids 

Phospholipids are primarily present in the milk fat globule membrane. 
The fatty acids of phospholipids differ in origin from those of other milk 
fats, a higher proportion tends to be unsaturated and chain lengths are 
longer. 

(f) Effect of diet of cattle on composition of milk fat 

The ability to modify the composition, and therefore the properties, of 
milk fat is of considerable potential importance. Modification of the 
physical properties permits the manufacture of products such as spread
able butter, while increasing the oleic acid content and reducing that of 
palmitic and myristic acids minimizes the increase in blood cholesterol 
level associated with consumption of milk fat. 

The fatty acids of milk fat may be divided into three groups according to 
their origin. 

1. Fatty acids arising only through de novo syntheSiS in the bovine 
mammary gland ( 4:0, 6:0, 8:0, 10:0, 12:0, 14:0, 14: 1). 

2. Fatty acids arising both through de novo synthesis in the mammary 
gland and from the blood supply (16:0, 16: 1). 

3. Fatty acids arising only from the blood supply (18:0, 18:1, 18:2, 
18:3). Conversion of 18:0 to 18:1 occurs in the mammary gland 
through the activity of a specific desaturase. 

Increasing the quantity of long-chain fatty acids reaching the mammary 
gland from feed, via the bloodstream, decreases the quantity derived by 
de novo synthesis and thus alters the composition of the milk fat. 

Dietary modification of milk fat requires the feeding of concentrate in 
addition to grass and is most readily achieved during the indoor feeding 
system when grass intake is at a minimum. The addition of soya, or oats, 
to the diet, for example, results in milk fat containing up to 60% of CIS 
acids, with cis and trans 18: 1 being dominant. Milk fat containing a high 
proportion of unsaturated CI8 fatty acids produces a butter with similar 
spreading properties to margarine (see page 243). 

An alternative means of dietary modification of milk fat is to produce a 
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fat rich in 18:2 or 18:3 by protecting these fatty acids from hardening by 
rumen micro-organisms. This may be achieved by encapsulating unsat
urated fat in sodium caseinate which is subsequently cross-linked by 
exposure to formaldehyde. The preparation passes through the rumen 
intact, but the cross-linkage is destroyed in the acid environment of the 
abomasum, enabling the digestion of the encapsulated fat. Under most 
conditions, 20-25% of the protected fat appears in milk and there is 
usually an increase in the total fat yield. Suitable protected feed has been 
available in Australia, but expense prevented wide-scale adoption and 
the product has been withdrawn from the market. 

(g) Chemical changes during storage of milk fats 

The importance of the fat phase in determining the flavour of many dairy 
products means that the rate and effect of chemical changes during 
storage are of major significance with respect to storage life. Two major 
modes of deteriorative change are involved, oxidation and lipolYSiS. 

Oxidation is the major cause of chemical change and thus of major 
significance with respect to shelf life of many dairy products. Peroxides 
are formed by reaction between unsaturated fatty acid esters and 
oxygen. Peroxides have no influence on flavours, but readily decompose 
to yield carbonyl compounds which are the source of 'oxidized' flavours 
and detectable at very low levels, especially in bland products of high fat 
content such as some types of cream and butter. 

Milk fat is relatively stable with respect to oxidation due to the high 
level of saturated fatty acids and the presence of natural antioxidants 
such as tocopherols. High-heat treatments involved in the manufacture 
of dairy products such as ultra-heat-treated (UHT) milk enhance the 
stability. The presence of pro-oxidants, especially copper and iron, 
however, accelerates oxidation which also occurs at a higher rate during 
storage at high temperature or at high concentrations of dissolved 
oxygen. 

Upolytic rancidity, the release of free fatty acids following hydrolysis of 
the triacylglycerol molecule is a lesser, but still a potentially Significant, 
problem. Upases are responsible and may be derived from milk or be 
produced by contaminating micro-organisms. Heat-stable enzymes of 
microbial origin are a major cause of lipolytic rancidity in processed 
milk products and improvements in raw milk hygienic quality have 
generally led to fewer problems. Despite this, the long storage lives now 
common with heat treated milk, especially UHT, does mean that 
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problems may occur due to the heat-stable lipolytic enzymes derived 
from psychrotrophic bacteria (see page 84). 

(h) Reduction of the cholesterol content of milk fat 

In recent years much interest has been shown in the development of 
'cholesterol-free' or 'low-cholesterol' dairy products. It should, how
ever, be appreciated that in practice it is not possible to produce milk 
which is truly 'cholesterol-free' since skim milk contains residual small 
fat globules which are disproportionately rich in cholesterol, skim milk 
of 0.2% fat content containing 4.5 mg per serving. In the US, a level of 
below 2 mg per serving is proposed for milk designated 'cholesterol
free' and 2-20 mg per serving for milk designated 'low-cholesterol'. 

At present two methods of reducing the cholesterol content of milk 
have been used, supercritical fluid extraction and steam distillation. In 
each case cholesterol is extracted from butter oil which is then blended 
with untreated skim milk (Figure 1.4). The use of bacterial enzymes to 
degrade cholesterol has also been examined but most cholesterol 

Milk fat 
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Low cholesterol milk 

Figure 1.4 Manufacture of low-cholesterol milk by distillation. 
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dissimilating bacteria accumulate steroid intermediates. An exception is 
Rhodococcus equi and extracts of this organism have been successfully 
used to reduce the cholesterol content of milk on an experimental scale. 

(i) Milk fat in the diet of man 

The presence of fat is an important factor in determining the palatability 
of food. Dairy fats are particularly palatable due to their containing a 
large number of lipids of small molecular size, short chain fatty acids and 
their derivatives which contribute to flavour, aroma and, in the case of 
lipids, 'mouth feel'. 

Triacylglycerols are an important energy source, yielding twice the 
energy per gram of carbohydrates. The energy value of short and 
medium chain fatty acids, which constitute ca. 12% of the total fatty 
acids in cow's milk is, however, relatively low. 

Polyunsaturated fatty acids are metabolized in the rumen and milk is 
therefore a relatively poor source of the essential fatty acids linoleic and 
linolenic. Milk fats are, however, consumed in large quantities and 
contribute ca. 21 g per day to the average UK diet. This quantity 
contains 0.3 g linoleic acid out of a daily requirement of 5-10 g. 

Milk fat contains substantial quantities of the vitamin A precursor 
~-carotene and, in the UK, provides ca 25% of the daily intake. Milk fat is 
also a minor, but Significant, source of vitamin D, especially for pregnant 
and lactating women and children who have a high requirement. 

Despite the important role of milk fats in human nutrition, high fat foods 
have come to be widely regarded in developed countries as being 
implicitly unhealthy. In many ways attitudes to dietary fats illustrate the 
very different problems faced by the developing and the developed 
nations. In the developing world the major problem is a shortage of 
dietary energy, which could be at least alleviated by increasing dietary 
fat intake. In contrast a major preoccupation in the developed world is 
the high intake· of fats and the role, especially in the case of milk fat, in 
heart disease. 

The unhealthy image associated with dairy products stems from three 
factors: the high fat content of whole milk and whole milk products, the 
cholesterol content and the saturated nature of the fatty acids. 

A high dietary fat intake is associated with obesity and with hyperlipi-



22 Introduction 

daemia ( excessively high levels of blood lipoproteins). Although direct 
evidence is lacking, hyperlipidaemia is recognized as a risk factor 
predisposing to heart disease. For this reason preventive health strate
gies in a number of countries include as a major part reduction in fat 
consumption. In some cases the dairy industry has been able to respond 
to this requirement by the introduction of products such as skim milk 
and low-fat yoghurt, etc. 

Both dietary cholesterol and saturated fatty acids have been associated 
with raised serum cholesterol levels, which have been, and still are, 
regarded as a risk factor for cardiovascular disease. There has, however, 
been criticism of some of the experimental work and doubt over what 
'normal' and 'elevated' levels actually are. Further, the effect of milk fat 
on serum cholesterol levels has often been investigated in isolation from 
other dietary factors. Milk fat alone, for example, can cause an increase 
in serum cholesterol levels, whereas whole milk can result in a slight 
reduction. 

The whole situation with respect to milk fat and disease is currently 
confused by conflicting claims and counter-claims with both the dairy 
industry and its competitors making use of highly selective scientific 
evidence. One of the major difficulties is that the 'debate' has tended to 
be centred on the properties of single dietary components and to ignore 
the importance of the overall diet and, indeed, lifestyle. There is no 
doubt that many individuals would benefit from a reduced level of fat 
intake, but other factors including greater exercise, reduction of smok
ing and alcohol consumption and removal of stress are likely to be of 
equal, or greater, importance. 

1.4.3 Lactose 

Lactose is the major solid constituent of milk. The concentration varies 
with yield between 4.2 and 5.0%, the lactose content usually being 
lowest in late lactation milk, or in milk from animals suffering from 
udder disease. 

Lactose is a disaccharide and comprises <X-D-glucose and ~-D-galactose 
molecules. Three solid forms of lactose exist, <x-lactose monohydride 
and anhydrous <X- and ~-lactose. The ~-form is of markedly higher 
solubility but, through mutarotation, an equilibrium mixture of the two 
forms exists in solution. Lactose is one of the least soluble of the 
common sugars, having a solubility in water of only 17.8% at 25°C. This 
low solubility has consequences during the production of concentrated 
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milk and frozen dairy products and it is sometimes necessary to induce 
crystallization to produce a large number of small crystals and thus 
avoid the defect 'sandiness'. The <x-hydrate crystal form, which is most 
commonly formed, has a large number of shapes, of which the character
istic 'tomahawk' form is the main cause of 'sandiness'. 

Lactose makes a major contribution to the colligative properties of milk; 
osmotic pressure, freezing point depression and boiling point elevation. 
Lactose, for example, accounts for ca. 50% of the osmotic pressure of 
milk. Changes in the lactose content of milk are associated with 
reciprocal changes in the content of other water-soluble constituents, 
especially sodium and chloride. 

Lactose finds use as a food ingredient due to its protein stabilizing 
properties and low relative sweetness. Lactose may also be used as a 
partial replacer for sucrose in icings and toppings to improve mouth-feel 
without excess sweetness. It is also added to bakery products such as 
biscuits to impart a controlled degree of Maillard browning, a reaction 
considered undesirable in many food products. 

Lactose is a significant source of dietary energy and may promote 
calcium absorption. Use of lactose as an energy source is limited, 
however, by the relatively high percentage of lactase-deficient persons. 
Lactase deficiency is most common amongst persons of African or Asian 
origin, but can affect members of any racial group. The degree of lactase 
deficiency varies and symptoms vary accordingly, from inability to 
digest even small quantities of dairy products to mild gastrointestinal 
upsets after consuming large quantities of lactose-containing food. 
Commercial processes for hydrolysis of lactose in milk and other dairy 
products have been developed in response to this problem (see Chapter 
2, page 71). 

1.4.4 Minerals 

The minerals in milk consist principally of the bicarbonates, chlorides, 
citrates and bicarbonates of calcium, magnesium, potassium and sodium. 
All of the minerals are distributed between a soluble phase and a 
colloidal phase and while monovalent ions exist largely, or totally, in the 
soluble phase, as much as 66% of the calcium and 55% of the 
phosphorous may be in the colloidal phase (Table 1.7). The distribution 
of calcium, citrate, magnesium and phosphate between soluble and 
colloidal phases and their interactions with milk proteins have impor
tant consequences for the stability of milk and milk products. 
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Table 1.7 Distribution of milk minerals between the colloidal and aqueous 
phase 

Calcium total 
Calcium (ionized) 
Chloride 
Citrate 
Magnesium 
Phosphorus (total) 
Phosphorus (inorganic) 
Potassium 
Sodium 

Soluble phase 

33 
100 
100 
94 
67 
45 
54 
93 
94 

Percentage 

Colloidal phase 

67 
o 
o 
6 

33 
55 
46 

7 
6 

The role of the major milk salt, colloidal calcium phosphate in maintain
ing the integrity of casein micelles has been discussed earlier (see page 
10). Calcium ions also bind to some caseins and complexes strongly 
with citrate. The soluble (non-micellar) calcium concentration in milk 
correlates closely with the soluble citrate concentration and the major
ity of the citrate exists as a complex with calcium (CaCiC). Approxi
mately half of the inorganic phosphate exists as colloidal calcium 
phosphate and only a small quantity (ca. 6.6% ) of the calcium is present 
as soluble Ca2 + ion. Citrate also complexes much of the magnesium. 

The citrate concentration in milk varies according to season and the diet 
of the cow, citrate concentration affecting, in turn, the soluble calcium 
content and milk stability. This has consequences for milk processing 
and may require the addition of anions to complex ionic calcium, to 
reduce that available for binding to casein and stabilize micelles against 
aggregation. 

In addition to the importance of minerals in the stability of casein, the 
monovalent ions, together with lactose and other low molecular weight 
components, maintain the osmotic pressure at a value iso-osmotic with 
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that of blood. Changes in the concentration of milk salts or lactose are 
compensated for by reciprocal changes in the other component and the 
osmotic pressure of milk remains constant within narrow limits. The 
freezing point of milk also remains essentially constant (-0.53 to 
-O.57°C) and a freezing point depression of less than 0.525°C is 
indicative of adulteration of the milk with water. 

Milk is an important source of dietary calcium and it has been suggested 
that the association with caseins may improve absorption in the 
gastrointestinal tract. Calcium is a key factor in determining healthy 
bone and tooth development in the young and an adequate intake is 
essential. Calcium status may also be a factor in the development of 
post-menopausal osteoporosis in women and the consumption of milk 
and dairy products (including calcium-enriched dairy products) has 
been recommended in this situation. It is doubted, however, that a high 
calcium intake in later life can reverse the deterioration in bones that is 
a predisposing factor to osteoporosis. 

1.4.5 Minor components and micronutrients 

Milk contains a large number of minor components, some of which are 
of relatively high biological or chemical activity and which may, 
therefore, affect the properties of milk. 

(a) Urea 

Urea is an important factor in determining stability of unconcentrated 
milk and seasonal variation in the concentration of urea in milk is 
reflected by variation in heat stability. The concentration of milk urea is 
controlled by blood urea, which in turn is largely determined by diet. 
Milk of high heat stability contains high concentrations of urea, although 
it is thought that isocyanate, formed from urea on heating, is responsible 
for stabilization through interactions with free sulphydryl groups of milk 
proteins. 

(b) Enzymes 

Milk contains a large number of enzymes (ca. 50). Although present in 
small quantities, some are of considerable importance in determining 
the stability of milk during storage. Of these proteases and lipases can 
affect the flavour and protein stability of milk, while oxidoreductases 
also affect flavour, especially in the lipid fraction. 
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Plasmin is the major proteinase in milk and is almost certainly identical 
with the blood protein of the same name. Plasmin concentration in milk 
varies according to the extent of leakage of blood components into milk, 
being high, for example, in very early, or very late lactation milk. High 
concentrations of plasmin in milk also arise from mastitis. In countries 
where standards of husbandry and udder health are high, such as Scotland, 
plasmin is only rarely present in Significant quantities in bulk silo milk. 
Plasmin is a serine proteinase, with activity similar to that of trypsin. The 
enzyme is highly heat stable at the pH value of milk and retains substantial 
activity after pasteurization (see Chapter 2, page 84). 

lipoprotein lipase is the principal lipolytic enzyme in milk. The enzyme 
is present in large quantities in freshly drawn milk, but the protective 
effect of the milk fat globule membrane means that significant lipolysis 
due to lipoprotein lipase is rare. Spontaneous lipolysis, involving rapid 
production of free fatty acids and associated rancid and soapy flavours, 
does, however, occasionally occur. The causes are not well understood, 
but probably arise from a combination of factors, including diet and 
stage of lactation. lipoprotein lipase is heat-labile and thus is of no 
significance in heat treated milk. 

A number of oxidoreductase enzymes are present in milk, including 
catalase, lactoperoxidase and xanthine oxidase. Lactoperoxidase is 
present in high concentrations and is able to catalyse oxidation of 
unsaturated fatty acids with production of oxidized taste. lactoperoxi
dase is also a component of the lactoperoxidaselthiocyanatelhydrogen 
peroxide system (LPS), which is a potentially important anti-microbial 
system. 

The significance of other oxidoreductases in milk is not known, but is 
likely to be limited. Xanthine oxidase, for example, can cause off-flavour 
production through catalysis of non-specific oxidation, but this is not 
thought to be of importance in most circumstances. 

Although alkaline phosphatase is of no importance with respect to milk 
stability, it is one of the most widely known enzymes in milk. This is due 
to its almost complete inactivation by pasteurization, but not by even 
marginally sub-pasteurization temperatures, and its widespread use as an 
index of adequate heat treatment. 

(c) Vitamins 

Milk is a source of the fat soluble vitamins, A (as the precursor, 
(3-carotene), 0 and E and the water soluble vitamins C, B1 , B2 , B6 , B12, 

pantothenic acid, niacin, biotin and folic acid. The dietary significance of 
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milk as a source of fat soluble vitamins has been discussed earlier (page 
21 ) and milk is also an important source of many water soluble vitamins. 
The vitamin content of milk is, however, strongly modified by losses 
during processing and storage. 

1.5 THE FLAVOUR AND SENSORY PROPERTIES OF MILK 

The bland mouth-feel of milk is a consequence of the emulsion 
structure, while the slightly sweet and salty taste results from the 
balance between lactose and milk minerals. The flavour and aroma are a 
consequence of a component balance involving a large number of 
compounds, many of which are present at sub-threshold levels. Many of 
the compounds identified as contributing to the flavour and aroma of 
milk are derived from the fat and the milk fat globule membrane. 
Compounds involved in determining flavour include carbonyls, alkanals, 
lactones, esters, sulphur-compounds, nitrogen-compounds and both 
aliphatic and aromatic hydrocarbons. 

Certain feed components can enter the milk and cause taint. Tainting 
components usually partition into the fat phase and feed taint, therefore, 
is usually a greater problem with high-fat dairy products, such as cream 
and butter. It must be appreciated, however, that some feed-derived 
compounds contribute, at low levels, to the normal flavour of milk. 
Common causes of feed taint are lucerne (alfalfa), clover hay, silage, 
especially poor quality and brewers' grains. The problem can be 
controlled by withholding such feeds for 4-S h before milking. Not all 
of the compounds responsible for feed taint have been identified, but 
silage is known to contain mixtures of methyl sulphide, aldehydes, 
ketones and esters. Fresh lucerne contains trans-2-hexanal, trans-3-
hexanals and trans-3·hexenols, which impart a strong grassy flavour. 

Taints in milk may also be caused by abrupt changes in feeding 
practices. The transition from a high concentrate diet during winter 
feeding to grass appears to be particularly important in this context. 

Taints may also be present as a result of odourants entering the milk 

• Unusual, or unacceptable, flavours in milk may re ult from an abnormal physiological 
condition in the producing cattle. Strong 'cowy' flavours, or an overtone of acetone, for 
example, are the result of ketosis or acetOneami.a. The detection thresholds of the 
flavours are low and milk from a mall number of ketotic cattle can adversely affect a 
relatively large volume of milk. 
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BOX 1.3 Buttercups and daisies 

Opponents of modern farming methods sometimes claim that milk 
from cows grazing traditional meadows was of richer flavour due 
to a contribution from wild flowers and hedgerow plants. Such 
claims appear to be made on the basis of personal opinion and 
objective evidence is lacking. Weeds such as wild onion, land cress 
and buttercup, however, are well known as sources of taint and, 
possibly, of toxic substances (see page 33). A large number of 
buttercups amongst the grazing can also lead to an unnatural 
yellow coloration in the milk. 

after drawing from the udder. Feed taints may be acquired in this way, 
especially where ventilation is inadequate and feed stored in close 
proximity to milk handling operations. Chemical flavours are usually the 
result of contamination with sanitizers derived from improperly rinsed 
equipment, chlorine- and iodine-based compounds usually being 
responsible. 

Milk is only rarely consumed direct from the cow and consumer 
perception of desirable milk flavour is usually based on a product which 
has undergone heat processing and in which some deteriorative changes 
may have occurred. For this reason very limited changes resulting from 
both oxidation and thermal processing can be considered desirable. The 
oxidation product 4-cis-heptenol, for example, is associated with 
'creaminess' at sub-threshold levels. At higher levels, however, an 
increasing number of persons consider changes undesirable. Flavour 
changes in milk during processing and storage, as well as those resulting 
from microbial spoilage are discussed in more detail in subsequent 
chapters. 

1.6 POTENTlALLYHAZARDOUS SUBSTANCES IN MILK 

Potentially hazardous substances may enter milk through transfer 
from the feed, or the environment and, in the case of some antibiotics 
and other anti-microbial drugs, through intra-mammary therapy. For 
obvious reasons attention has been focused on substances whose 
effects are well understood, but it has been suggested that there may 
be long-term hazards from very small quantities of environmental 
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pollutants present on a continuing basis. Evidence for this contention 
is, however, currently lacking. 

1.6.1 Antibiotics and other anti-microbial drugs 

Antibiotics and other anti-microbial drugs are widely used in the 
treatment of mastitis. Intra-mammary administration is used, the drug 
entering the affected udder quarter via the teat canal. A wide range of 
drugs is used in treatment of mastitis including penicillin G, ampicillin, 
tetracyclines and sulpha drugs, such as sulphamethazine. Residues can 
persist in milk for as long as four days after administration in treatment 
of mastitis. Antibiotics are also widely used in prophylactic treatment of 
non-lactating cattle and, in this case, high levels of residues can be 
excreted, after calving, for longer periods. Anti-microbial drugs may also 
enter milk through medicated feed and through improper use of drugs 
for intramuscular administration, such as ceftiofur. 

There is still some disagreement concerning the significance of drug 
residues in food for human consumption and, in particular, the long
term effects are not known. This is of particular Significance with 
respect to children. Known short-term effects are the possibility of 
strong allergic reactions amongst sensitive persons, possible carcinoge
nicity if exposure is prolonged and the spread of antibiotic-resistance 
amongst micro-organisms. From a technological viewpoint the presence 
of antibiotic residues is undesirable because of interference with growth 
of starter micro-organisms during manufacture of cheese and fermented 
milks. 

In many countries, creameries routinely test incoming milk for residues 
(see Chapter 2, pages 86-7). At the same time attempts are being made 
to educate farmers and, in some cases, veterinary surgeons, in respon
sible use of antibiotics and other anti-microbial drugs. It is, however, 
currently necessary to use financial penalties to discourage unaccept
able practices. The nature of penalties and the means of imposition vary 
widely, but are illustrated by examples drawn from various parts of the 
UK (Table 1.8). In the US and some other countries, evidence of serious 

• Intramuscular injection of suitable drugs such as ceftiofur i a popular means of 
mastitis treatment ince, in many cases, it i nOt necessary to wimdraw milk from sale 
after treatment. This is because re idue in the milk are at a very low level (below 2 ppb) 
when me drug i correctly used. Detectable levels are u ually the consequence of 
incorrect u e, but it is poSSible mat successive daily injections may permit residues to 
accumulate 10 detectable levels even when correct dosage i · administe.red 
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Table 1.8 Financial penalties in various parts of the UK resulting from 
antibiotic residues in milk 

A. England and Wales Milk Marketing Board 
1 ppl 

B. Aberdeen and District Milk Marketing Board 
S ppl for 1st and 2nd failure within 12 months 
3 ppl for 3rd and 4th failure within 12 months 
1 ppl for Sth and subsequent failures 
Testing is repeated daily until a negative result is obtained 

C. North of Scotland Milk Marketing Board 
2ppl 
Testing is repeated daily until 2 consecutive negative results are obtained 

D. Scottish Milk Marketing Board 
12 ppl for first failure 
3 ppl for any subsequent failures within 6 months 

E. Northern Ireland Milk Marketing Board 
7S% of month's price for 1st failure within 12 months 
60% of month's price for 2nd failure within 12 months 
10% of month's price for 4th failure within 12 months 
Contract suspended for 2 days for Sth failure 
Contract suspended for 4 days for 6th failure 
Contract suspended for 6 days for 7th or subsequent failures 

misuse of antibiotics can lead to more draconian measures including 
prosecution. In some cases the producer may also be liable for any 
financial loss to the processor resulting from residues in milk. 

1.6.2 Mycotoxins 

Mycotoxins are toxic metabolites produced by a wide range of moulds. 
A wide variety of chemical compounds is involved, ranging from simple 
aromatics to complex polycyclics and toxic peptides. In many cases 
toxic effects are manifest as cancer or delayed organ damage due to 
long-term ingestion of subacute levels of mycotoxins. 

Mycotoxins can enter milk indirectly through the consumption of 
mould-infected feed. Aflatoxins, produced by some strains of 
Aspergillus flavus or, less commonly, A parasiticus are the most 
Significant risk in milk. Cattle are more resistant to aflatoxins than 
most animals and may be fed on feed containing relatively high levels 
without development of symptoms of acute toxicity. Aflatoxin Ml is 
excreted in the milk. 
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BOX 1.4 Physician heal thyself 

Administration of drugs by farmers, without direct veterinary 
supervision, has contributed to the presence of residues in milk In 
the US, for example, the widespread contamination of milk with 
sulpha drug residues, discovered during the mid-1980s, was at 
least partly due to the use of 'over the counter' drugs by producers. 
Despite educational programmes, it is probable that misuse 
through carelessness and the temptation of effecting a more rapid 
cure through overdosing can never be totally eliminated. There is 
no doubt, however, that gross abuse of antibiotics is now rare. 
Practices such as the addition of penicillin to milk in churns, to 
ensure adequate keeping quality in hot weather, are now, fortu
nately, part of agricultural folklore. 

31 

Atlatoxins, as a group, are toxic to the liver and also carcinogens of the 
liver in several animals, possibly including man. Analytical methods have 
been developed and may be used for determination of atlatoxins in milk. 
In the US a tolerance level of 0.05 ppb has been set for atlatoxin MI in 
milk 

1.6.3 Radioactive material 

Following the 1952 nuclear accident at Windscale in the UK, it became 
apparent that radioactive material contaminating pasture was passed 
into milk This led to a considerable amount of research into methods 
for the removal of radio-isotopes from milk Over the years, however, 
interest tended to wane despite the growth of the nuclear power 
industry and an increasing number of nuclear power stations. The major 
nuclear accident at Chernobyl, in the Soviet Union, subsequently led to 
contamination of pasture land over wide areas of Europe and a 
consequent contamination of milk supply. The presence of radio-iodine 
amongst the isotopes present in milk placed children at particular risk of 
thyrOid cancer. 

In addition to large-scale radioactive contamination following a nuclear 
aCCident, concern is growing over the long-term effects of exposure to 
low-level radiation. All food must be considered a contributor to the 
total body burden, but it is not possible to accurately assess the specific 
role of milk. 
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BOX 1.5 A visionary brain 

It is regrettable that quality assurance has, in many instances, 
become preoccupied with solving short-term problems, rather 
than with devising and implementing long-term strategies. A 
notable exception is the monitoring system for radioactivity in 
milk, developed at the Rowntree Company by the head of scientific 
affairs, the late John Colquhoun. The monitoring, which began 
after the Windscale accident, continued through years of negative 
results and finally proved its worth in the aftermath of Chernobyl. 

1.6.4 Environmental chemicals 

In recent years it has been recognized that many chemicals are degraded 
only slowly and that Significant levels build-up in the environment. 
Inevitably these enter the food supply of man, including milk. Risk may 
be minimized by control of water supplies and protection of grazing 
land, although this can be difficult when the general environmental 
pollution load is high. 

Particular concern has been expressed over two types of pollutant, 
agricultural chemicals and polychlorinated biphenyls. Usage of agricul
tural chemicals, such as herbicides and pesticides, should be strictly 
controlled to avoid contaminating the environment of dairy cattle. 
Careless, or irresponsible use (including disposal of waste chemicals 
into water courses) does, however, present a risk and provide a means 
by which milk is contaminated. 

Polychlorinated biphenyls (PCBs) have been widely used in industry as 
insulators in electrical equipment and as fire retardants. Until the 
mid-1960s it was assumed that PCBs had remained confined within their 
intended usage, but subsequently it has been discovered that a high 
level of environmental pollution, involving both soil and water, has 
occurred. The compounds are highly resistant to degradation and 
lipophilic and have been frequently detected in milk fat. The widespread 
environmental contamination means that PCBs have also been detected 
in other foods, especially meat, fish and eggs and the relative importance 
of milk is not known. Levels detected are usually less than 2 mg/l and the 
toxicological implications are not clear. Polychlorinated biphenyls are 
known to cause illness when ingested at high levels, but the significance 
of long-term exposure to low levels is not known. There is, however, 
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accumulation of PCBs in adipose tissue. 

1.6.5 Poisonous plants 

Toxic substances can enter milk as a result of cattle eating poisonous 
plants. In many cases, such as with yew, the cattle are themselves 
poisoned and ensuring pastures are free of harmful plants is considered 
to be a part of good husbandry. Modern pasture management has almost 
entirely eliminated the problem, although milk from traditional pastures 
containing buttercups is occasionally identified as the cause of stomach 
irritation. Many earlier reports, including allegations of milkborne 
poisoning through cattle consuming foxgloves and deadly nightshade, 
are apocryphal in nature. 

1.7 THE MICROBIOLOGY OF MILK AT FARM LEVEL 

1.7.1 Anti-microbial systems in raw milk 

A number of anti-microbial systems are present in raw milk. These either 
form a part of the udder defence mechanism against infection, or confer 
disease resistance to suckling calves. Contrary to the assertions of the 
'raw milk lobby', there is no evidence of any beneficial effect being 
conferred on human consumers of raw milk. 

(aj Immunoglobulin 

Milk frequently contains antibodies to potentially pathogenic micro
organisms. These may enter milk from the bloodstream, or be produced 
within the udder. The primary function is protection of the calf in its 
early life, although immunoglobulins also contribute to udder defence 
mechanisms. 

• Large·scale milkborne poi ning due to the compound polybrominated biphenyl 
(PBB), occurred in Michigan during 1973. The poisoning resulted, not from environmen· 
tal contamination, but from the accidental ub titution of a PBB·based flame retardant, 
Fire Master, for a magnesium oxide feed additive, utrim~ter. Both products were 
manufactured in the arne plant and, at the time of the substitution, similar packaging was 
used. More than 500 herds were affected and, while some cattle howed symptoms of 
illness, milk continued to enter the public upply. It ~ been e timated that every 
resident of Michigan lngcsted a significant quantity of PBB during this episode and, as 
Michigan i a net exporter of dairy products, it i likely that many people in other parts of 
the U were: affected. The effect on the population, however, are still not clear. 
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(b) Phagocytosis 

Phagocytosis, together with killing by polymorphonuclear leukocytes 
(PMNs), is the primary udder defence mechanism against micro
organisms causing mastitis. During infection the total cell count rises 
dramatically and affected quarters of the udder can excrete as many as 
107 ceWml, of which ca. 90% are PMNs. In many countries regular 
assessment of the cell count of bulk milk is used as a means of 
monitOring udder health within herds and, in the US, forms a part of milk 
quality payment schemes. 

(c) Lactoperoxidase/thiocyanate/hydrogen peroxide system 

The lactoperoxidase/thiocyanatelhydrogen peroxide system (LPS) is a 
powerful anti-microbial system against certain micro-organisms. In 
general the effect is greatest against Gram-negative organisms and LPS is 
bactericidal to Escherichia coli and Salmonella, as well as to the 
Gram-positive Group A streptococci. Most Gram-positive micro
organisms, including streptococci of other Groups and Listeria monocy
togenes, are relatively resistant to LPS, growth being slowed but not 
prevented. The main in vivo role of LPS is thought to be protection of 
the calf against enteritis caused by organisms such as E coli, but it may 
also form part of the udder defence mechanism. 

Of the three components of LPS, only lactoperoxidase is a gene product 
of the mammary gland. Thiocyanate is derived from the diet, especially if 
clover or cruciferous crops are present, while hydrogen peroxide is 
derived from udder micro-organisms such as streptococci or from 
PMNs. Milk from healthy udders usually contains only very small 
amounts of hydrogen peroxide and this limits the activity of LPS. 
Proposals have been made to stimulate LPS as a means of providing a 
'cold-sterilization' process either for bulk milk (see Chapter 2, page 47), 
or for specific situations, such as the preparation of infant formula in 
areas where safe water supplies are unavailable. 

(d) Lactojerrin 

Lactoferrin is an iron-binding protein similar to the transferrin present in 
serum. Lactoferrin is present in all milk, but the concentration is 
significantly elevated in unmilked animals, or animals with udder 
infection. Lactoferrin competes with bacteria for available iron and thus 
markedly reduces, or inhibits, multiplication. Anti-microbial activity in 
milk is conSiderably reduced by the high concentration of citrate and 
low concentration of bicarbonate present. 
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1.7.2 Micro-organisms in raw milk 

(a) Micro-organisms derived from the udder 

Milk drawn aseptically from the healthy udder is not sterile, but contains 
low numbers of micro-organisms, the so-called 'udder commensals'. 
These are predominantly micrococci and streptococci, although 
coryneform bacteria including Corynebacterium bovis are also fairly 
common. These bacteria are only rarely involved in mastitis and have no 
Significant effect on milk yield, or quality. 

The bacterial content of freshly drawn milk is significantly increased by 
mastitis. Causative organisms enter the udder through the duct at the 
teat tip. This is heavily keratinized and retains milk residues, although 
the keratin may possess anti-bacterial properties. The teat duct, espe
cially the region adjacent to the orifice, can be colonized by organisms 
such as Staphylococcus aureus, which persist for many weeks, shedding 
into the outgoing milk, but not penetrating to the tip sinus. Machine 
milking has been implicated in propelling bacteria from the teat duct 
into the sinus and thus producing mastitis, but other mechanisms of 
entry exist, including growth through the teat canal. 

A great many organisms can cause mastitis under specific circumstances 
but the most common, and the most Significant cause of economic loss, 
are Escherichia coli, Staph. aureus, Streptococcus agalactiae, Str. 
dysgalactiae and Str. uberis. In addition C pyogenes is responsible for 
'August bag', a serious form of mastitis prevalent amongst unmilked 
cattle between July and September. 

Staphylococcus aureus, Str. agalactiae and E coli are all pathogenic to 
man, although the pathogenicity of Str. agalactiae and E coli strains 
with a causal relationship to mastitis is uncertain. A proportion of strains 
of mastitic Staph. aureus, however, have been shown to produce 
enterotoxins. Other human pathogens are occasional causes of mastitis, 
these include str. pyogenes, the causative organism of scarlet fever and 
pharyngitis, Mycobacterium bovis, or M. tuberculosis, Nocardia spp., 
Actinomyces spp. and Cryptococcus neoformans as well as the enteric 
pathogens, Salmonella, Listeria monocytogenes, Bacillus cereus and 
Clostridium perfringens. There is also some evidence to support the 
contention that Campylobacter is a cause of mastitis, but this is not 
generally accepted. 

The mastitic udder appears to be of no importance with respect to food 
poisoning due to B. cereus or Cl perfringens and its importance as the 
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source of Salmonella and L. monocytogenes appears to be overempha
sised. A feature of L. monocytogenes mastitis, however, is the lengthy 
period of carriage in the udder. Persistence for over a yeai~ and thus into 
successive lactations, appears relatively common and persistence for as 
long as 3 years has been reported. 

In addition to micro-organisms within the udder a contribution is made 
from the normal microflora of the teat exterior. The composition of this 
microflora is similar to that of the udder commensals, comprising 
micrococci, streptococci and a smaller number of coryneform bacteria, 
Gram-negative, rod-shaped bacteria and endospore-forming bacteria. 
Unless infected lesions are present, there are no public health implica
tions. 

(b) Organisms derived from the environment 

The importance of the environment as a source of organisms in raw milk 
varies considerably. In the summer months, when most cattle graze 
open pastures, levels of contamination are relatively low, although 
micro-organisms may still enter milk from the exterior of improperly 
cleaned teats contaminated with soil, water or faeces. In the winter 
months, when cattle are at least partly fed and housed indoors, the 
incidence of environmental contamination is considerably high. Feed 
and bedding can be sources of micro-organisms and are of particular 
significance with respect to thermoduric spoilage organisms. The most 
important source of enteric pathogens, including Salmonella and 
Campylobacter, is faeces, which contaminate bedding and hence the 
teats and coat of the animal. 

In earlier years when both hand and machine milking involved exposure 
of milk to the air within the milking shed, airborne contamination, 
especially from bedding and feed was a Significant source of micro
organisms in milk. In modern systems the milk is fully enclosed and 
contamination arises from failure to adequately clean teats, or from 
accidents such as the dropping of a milking machine teat cluster. It will 
be appreciated that, in general, standards of housing have improved in 

• Shedding of Salmonella in the milk has been reported in the absence of either clinical 
or sub·clinical udder infection by the organism. This condition is rare, but can occur in 
herds after outbreaks of acute salmonellosis. The number of salmonellas shed into the 
milk is variable and sbedding can persist for some time after acute symptoms have 
disappeared. Salmonella dublin which, although pathogenic to man, is host-adapted to 
cattle is most commonly involved. 
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recent years and that the widespread use of separate milking parlours 
further reduces the risk of contamination. At the same time, financial 
pressures on farmers and the consequent need for increased productiv
ity means that the milker may have insufficient time to adequately clean 
an unusually heavily soiled udder, or to sanitize a dropped teat cluster 
before replacing it on the cow. 

(c) Milk handling equipment 

Milk handling equipment is a notorious source of micro-organisms in 
milk, and is the major source of the Gram-negative, psychrotrophic 
spoilage bacteria. Contributory factors include poorly designed and 
constructed pipeline systems, etc. , and inadequate cleaning and sanitiza
tion between milkings. Equipment needs to be very heavily contami
nated to significantly increase the total number of micro-organisms in 
milk and the major problem lies with build-up at dead-ends, joints and 
fittings, such as tank outlet plugs, which are not amenable to cleaning-in
place. 

In recent years the general standard of design and construction of milk 
handling equipment has improved. In many cases, however, installations 
are of increasing complexity. Many farms lack formal training schemes 
for workers even where large and sophisticated installations are oper
ated and the need for increased productivity may again mean that 
procedures are skimped. As milk production becomes concentrated in 
units of increasing size, it is necessary to adopt poliCies to hygiene 
management which parallel those long adopted at processing plants. 

(d) Personnel 

Direct contamination of milk from the hands of personnel can occur 
during hand milking. It is also possible that milk may be contaminated 
through hands touching the milk contact surfaces of milking machines, 
etc. There would appear to be no practical possibility of introducing a 

• Steam 'sterilization', involving the di mantling of milking machines and exposure to 
steam in a steam chest and the use of live steam to sanitize pipelines, is now obsolete in 
the UK due to the high cost and inconvenience. It was, however, a highly effective means 
of sanitization and the widespread introduction of detergent-sanilizers, led to a corre
spondingly widespread fall in tandards. In the case of pipeline system high standards 
can be obtained by circulating detergent·sanitizers at an i.nitial temperature of ca. BOoe, 
or by using acidified boiling water. This requires, however, properly de igned and 
maintained cleaning.in.place equipment, correct use of sanitizers and strict control of 
temperature. 
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significant number of spoilage micro-organisms by this route. The 
potential obviously exists, however, for the introduction of pathogens. 
These may be introduced either by a person suffering clinical symptoms 
of infection (or, less probably, in the carrier state), or by passive transfer 
from other sources of contamination, such as faeces. The risk is greatest 
from the enteric pathogens, Salmonella and Campylobacter, although 
this route may also be involved in transmission of the protozoan 
pathogen Cryptosporidium. It is difficult to assess the significance of the 
contamination of milk by personnel at farm level in the overall public 
health context. It is notable, however, that in Scotland, where the sale of 
unpasteurized milk is forbidden, a further reduction of morbidity due to 
Salmonella and Campylobacter resulted from introducing legislation to 
prevent farm workers being supplied with raw milk as part of their 
wages. This, and other evidence, suggests that where farm workers 
customarily drink raw milk cycles of infection and re-infection are 
established. It is, in any case desirable, that persons involved in handling 
milk at farm level should be made aware of their responsibilities as food 
handlers and to receive a full training with respect to personal hygiene, 
exclusion during sickness, etc. 

1.7.3 Milk as a source of human pathogens 

Raw milk is widely recognized as a source of human pathogens (see 
Chapter 2, page 44). In previous years tuberculosis and brucellosis were 
of major concern, but in many developed countries the causative 
organisms, M bovis or M. tuberculosis and Brucella abortus, Bruc. 
melitensis or Brue suis have been eradicated from the national herd. 
Elsewhere, however, these organisms remain a serious problem, espe
cially where milk is customarily consumed without heat treatment. 

In developed countries, the major milkborne pathogens are those 
associated with enteric disease. As previously noted the major source is 
faeces and it appears impossible, under any conceivable commercial 
conditions, to entirely eliminate contamination from this source. At 
present there are no proposals to eliminate zoonotic pathogens from 
dairy cattle and it seems unlikely, at present, that any attempt would be 

ot all milkbomc enteric pathogens have been identified. Brainerd diarrhoea is a 
chronic diarrhoeal syndrome first recognized following a point·source outbreak associ· 
atcd with raw milk. Sporadic outbreaks probably occurred on carlier occasions. Brainerd 
diarrhoea is a distinct clinical condition with an infectious aetlology, but the cllusative 
organism remains unknown (Archer, D.L. and Young, ).E. 1988. Clinical Microbiology 
RelJiews, 1. 377-98). 
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BOX 1.6 Triumph of the will 

The eradication of M bovis, M tuberculosis and, at a later date, 
Brucella spp. from the UK national herd must be seen as a triumph 
for the agricultural and veterinary sciences, for bacteriologists and 
for the political will. In many ways the tuberculosis eradication 
scheme was a model of its kind involving, with the help of financial 
incentives, the establishment of 'tuberculin-tested' herds, regular 
testing of cattle and culling of those infected and improved herd 
management. This was supported by the general introduction of 
pasteurization. Although milk has been effectively eliminated as a 
vehicle of tuberculosis, the disease persists in developed countries, 
with the incidence increasing once more in cities such as New 
York. The disease is largely associated with immigrant communi
ties living in very poor quality housing and it has been noted that 
the pioneers of the battle against tuberculosis would be shocked to 
find the disease still a Significant problem today. 
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feasible. It is considered, however, to be a matter of good agricultural 
practice both to minimize the risk of initial infection and to take 
precautions against spread within a herd. 

Cattle may be infected from a number of sources. Water has been 
identified as the main source of Aeromonas and Campylobacter and 
may also be involved in infection with Salmonella. Where possible 
water of potable quality should be supplied, although the animals 
themselves often show a distinct preference for natural, and potentially 
polluted, supplies. 

Cattle feed has also been identified as a source of zoonotic pathogens 
and where animal protein is incorporated into compound feeds, the risk 
of recycling pathogens exists unless heat treatment is adequate. Infec
tion with 1. monocytogenes is often associated with feeding poorly 
made silage, especially of the 'big bale' type and there is also evidence of 
infection from naturally contaminated forage. Pastures may also be 
contaminated by fertilization with animal manure or sewage sludge, or 
by contaminated water through irrigation or flooding. The importance 
of this route of infection is, however, difficult to assess. 

Spread of infection within a herd is usually by the faecal-oral route and 
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can be rapid under intensive housing systems, or where hygiene is poor. 
Animals purchased from other herds present a risk, especially when 
bought at stock sales where the original vendor is unknown. Quarantine 
of incoming stock is considered essential. 

Contamination of the fabric of buildings can serve as a long-term focus 
of infection and may require extremely rigorous measures to eliminate. 
Problems are generally less in buildings constructed to modern stan
dards, but in one instance Salm typhimurium persisted for many 
months in a calf-rearing unit of good construction, despite depopulation, 
cleaning and disinfection. 

A number of other sources have been implicated as sources of zoonotic 
infection amongst dairy cattle. These include other farm and domestic 
animals, rodents, wild animals and birds and man. The relative impor
tance of these sources is unknown, but some cases at least have been 
reported because of curiosity value. 

Of the milkborne enteric pathogens, some strains of E. coli, including 
diarrhoeal strains, Yersinia enterocolitica, and L. monocytogenes are 
psychrotrophic and capable of growth at 4°C and possibly lower 
temperatures. Salmonella is not able to grow at such temperatures, but 
strains of some serovars are able to grow at less than 10°C, albeit slowly, 
and are thus capable of growth in many farm tanks, operating at 6-rc. 
Campylobacter is not capable of growth in milk, but survival is 
prolonged at low temperatures and in the absence of significant lactic 
acid production by the spoilage microflora. 

In the US, milkborne infections due to the rickettsial pathogen, Coxiella 
burnetii are common in some areas. In southern California, for example, 
the attack rate for consumers of pasteurized and unpasteurized milk, 
respectively, is 0.9 and 10.7%. Milkborne infection is also Significant in 
some parts of Europe, but elsewhere, including the UK, the most 
common mode of transmission is by aerosol inhalation. Monitoring 
schemes to assess the incidence of Cox burnetii in individual herds are 
established in some areas . 

• Badgers are thought to be a naNraJ reservoir of M. bovis and culling of badgers in the 
vicinity of dairy herd has been the cause of considerable controversy. There is also a well 
authenticated case of dalry cattle being infected with aIm. agona, through contamina· 
tion of pasture in the vicinity of a badger sct. The milk was bottled and sold without 
pasteurization, but the presence of almonel/a was detected by examination of milk 
collected as part of a routine ampUng scheme and no cases of salmonellosis were 
reported. 
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1.7.4 Spoilage micro-organisms in milk at farm level 

Micro-organisms can enter milk from a large number of sources (see 
pages 3~). Despite the presence of anti-microbial systems, milk 
supports the growth of a wide range of micro-organisms and tempera
ture is the major growth-limiting factor. In countries where milk is still 
stored on-farm and transported in churns, or other unrefrigerated 
containers the growth of mesophilic spoilage organisms can be rapid. 
Spoilage can occur, especially in hot weather, before the milk is 
delivered to the dairy, species of Enterococcus, Streptococcus, Lactoba
cillus, Bacillus and members of the Enterobacteriaceae, all being 
potentially involved. Milk is collected on a daily basis, usually after 
morning milking and processed as soon as possible after receipt at the 
dairy. 

In developed countries, milk is stored on-farm in refrigerated bulk tanks, 
collected by refrigerated tanker and, if necessary, stored at the dairy in 
very large silos. Farm bulk tanks are designed for operation at tempera
tures below rc and while a relatively wide range of micro-organisms 
can grow between 5 and 7°C, the predominant spoilage organisms are 
Gram-negative psychrotrophic species, primarily Pseudomonas and 
Alcaligenes. Collection of bulk milk on alternate days is most common 
practice, although less frequent collection is sometimes employed. 
Some multiplication of psychrotrophs occurs under all conditions, 
although the increase in numbers is limited by dilution with fresh milk 
after each successive milking. At temperatures above 7°C, multiplication 
is rapid and, since a single bulk tank of high bacterial count can affect an 
entire tanker, tanker drivers are empowered to refuse milk stored at 
temperatures above 7°C, or which has an abnormal smell or appearance. 
Growth continues during storage in silos and the manufacturing proper
ties of milk may be adversely affected by the proteolytic and lipolytic 
enzymes of psychrotrophs, even though no signs of spoilage exist. A 
more serious problem is the heat resistant nature of psychrotrophic 
enzymes, which cause deleterious changes in milk and milk products 
during storage after heat treatment (see Chapter 2, page 84). 

• Coxiella bumetii is a member of the Rickettsiae and an Obligate intracellular parasite. 
The organism forms ndospore , which ar - re i tant to dehydration and less rigorou 
pa teurization. The endo pore arc miller than the parent cell " and of reduced 
metabolic activity. Unlike the endosporc.s of Bacillus and Clostridium, however, those of 
C bumetif lack dipicoLinic acid Coxiella bumetfi i the cau alive organi m of Q·fever, 
syrnplOm of which are fever, evere headache and interstitial pneumonja. Epidemiologi
cally, Q-fever may be regarded as a 'place' infection, caUSing outbreaks in localized areas 
which have undergone no change in expo ure lO the organi m. 
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LIQUID MILK AND 

LIQUID MILK 

PRODUCTS 

OBJECTIVES 

After reading this chapter you should understand 
• The difference between the various types of liquid milks 
• The key roles of processing 
• The basic technology of processing 
• The major control points 
• The nutritional effects of milk processing 
• The nature of chemical changes associated with processing and 

subsequent storage 
• Microbiological hazards and patterns of spoilage 

2.1 INTRODUCTION 

liquid milk is the most important dairy food and supplies for this market 
generally receive precedence over those for processing operations such 
as milk powder production or cheese making. In the UK, for example, 
liquid milk sales account for approximately 50% of the total dairy 
market. 

In recent years there has been considerable diversification of the types 
of milk available. Skimmed and semi-skimmed milk, which are legally 
defined by fat content (Table 2.1), may be considered as 'less unhealthy' 
milks while the development of products such as vitamin enriched milk 
is intended to promote a positive 'healthy' image. At the same time 
attempts are being made to increase milk sales by the development of 
milk-based beverages, which are essentially competitive with carbon
ated beverages such as colas, rather than with conventional milks. Such 

A. H. Varnam et al. (eds.), Milk and Milk Products
© Alan H. Varnam and Jane P. Sutherland 1994
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Table 2.1 Fat content of milk retailed in the UK 

Fat content (% ) 

Milk from Channel Islands, Jersey, Guernsey and 
South Devon breeds 

Non-standardized whole milk from other breeds l 

Standardized whole milk 

Semi-skimmed milk 

Skimmed milk 

1 UK regulations apply only to cows' milk. 

minimum 4.0 

minimum 3.0 

minimum 3.832 

1.5 to 1.8 

maximum 0.3 

2 Standardized whole milk is defined as milk imported into the UK from another 
EEC country which has a fat content not less than the guideline figure. This 
figure is fixed annually as the weighted average fat content of the whole milk 
produced and marketed in the UK during the previous milk year. 

BOX 2.1 In sickness and in health 

It is likely that the trend to 'healthy milks' will continue with the 
introduction of modified products such as low cholesterol milk 
and milk-based functional foods. To some extent, however, such 
products present a marketing dilemma since their development 
implies that unmodified milk is inherently 'unhealthy'. 

products range from simple flavoured milk to sophisticated products 
formulated to resemble branded chocolate bars and to fully structured 
milk desserts. There is also increasing interest in milk analogues usually 
based on soya protein. 

In industrialized nations most liquid milk is heat processed for safety 

BOX 2.2 Plenty and want 

In the affl.uent developed countries, substitute milk is seen as a 
means of avoiding animal protein for either dietary, or ethical 
reasons. In a wider context, however, the importance of milk 
substitutes should be seen as an efficient means of utilizing locally 
available raw materials as high quality protein in the non
industrialized nations of the third world. 
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but, where permitted, a small quantity is retailed raw. Consumption of 
raw milk carries a disproportionately high risk of infection by milkborne 
pathogens (Table 2.2)' Of these, Salmonella and Campylobacter are of 
greatest importance, and it is agreed by responsible microbiologists that 
banning the sale of raw milk would result in an immediate and 
significant reduction in morbidity due to these and other pathogens. 
This may be demonstrated by reference to Scotland where a ban on raw 
milk'sales resulted not only in a dramatic fall in the incidence of 
campylobacteriosis and salmonellosis but in a net economic saving after 
allowing for the cost of pasteurization equipment. Despite the over
whelming evidence of the hazards associated with raw milk consump
tion (those who require further proof need look no further than Dr 
James Chin's 1982 Editorial for theJoumal of Infectious Diseases, 146, 
440-1), a vociferous minority continue to campaign for the continuing 
sale of this commodity. It is unfortunate that the proponents of raw milk 
often receive publicity disproportionate to the validity of their argu
ments and it is considered that, in many cases, the public is seriously 
misled as to its safety and alleged superiority. 

Pasteurization is the most common means of heat-processing milk for 
safety and in most industrialized countries pasteurized milk is the largest 
selling liquid milk. The International Dairy Federation has defined 
pasteurization as "A process applied to a product with the object of 
minimizing possible health hazards arising from pathogenic micro
organisms associated with milk, by heat treatment, which is consistent 
with minimal chemical, physical and organoleptic changes in the 

Table 2.2 Infections 1 associated with raw milk consumption in industrialized 
nations 

Micro-organism 

Salmonella 
Campylobacter 
Yersinia enterocolitica 
Escherichia coli 0157:H7 
Listeria monocytogenes 
Streptococcus (Group A and C) 
Cryptosporidium parvum 
Poliovirus 

Frequency 

High 
High 
Not known, possibly high in some areas 
Not known, pOSSibly high in some areas 
Probably low 
Low2 

High amongst occasional consumers 
Very low 

1 Occasional cases of illnesses such as tuberculOSiS, brucellosis and Q,fever, 
which were historically associated with raw milk, still occur. 
2 Streptococcus zooepidemicus (Group C) causes only mild, influenza-like 
symptoms in healthy adults and most cases are therefore unreported. 
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product". In practice, the process destroys vegetative microbial patho
gens, but not endospores, and any beneficial effect on shelf life due to 
destruction of spoilage micro-organisms is incidental to the main 
concern of safety. 

Minimum permitted treatments are defined by law and, in both the UK 
and the US are 62.8°C for 30 min (low temperature-long time: LTLT) or 
71.rC for 15 s (high temperature-short time: HTST). In recent years 
concern over the possible survival of Listeria monocytogenes (see 
pages 89-90) has led to some processors increasing the pasteurizing 
temperature to above the legal minimum. 

Ultra-heat-treated (UHT) milk was developed to meet the demand for a 
milk which was stable for extended periods at room temperature and 
yet was free of the unpleasant taste associated with in-bottle sterilized 

Milk from farm 

Bulk refrigeted storage 

CCP2 

CCP2 

RAW MILK SIDE 

• Buffer tank 

• Pasteurization CCP2 

Diversion 

CCP2 

td 

Homogenization CCP2 

PASTEURIZED MILK SIDE 

CCP1 
Pasteurized milk storage 

t 
Filling CCP 2 

t 
Refrigerated distribution CCP2 

Figure 2.1 The production of pasteurized milk. Note: Procedures to prevent 
contamination of pasteurized milk with pathogeniC micro-organisms collec
tively represent a CCP 1. 
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milk. VHT milk is particularly popular in continental Europe, and in 
countries such as France sales equal, or exceed, those of pasteurized 
milk. In the UK the continuing preference for creamline milk and the 
off-flavours associated with some UHT milk means that sales remain at a 
relatively low, but still significant, level. 

The legal designation of UHT milk varies from country to country. In 
the UK, for example, it is defined as milk heated to no less than 135°C 
for at least 1 s and elsewhere processes vary from 130-150°C for 
1-4 s. A more practical, and possibly more helpful, definition is that 
of Dr Harold Burton, a pioneer of UHT milk processing - 'a treatment 
in which product is heated to a temperature of 135 to 150°C in 
continuous flow in a heat exchanger for a sufficient length of time to 
achieve commercial sterility with an acceptable amount of change in 
the product'. 

Although UHT milk is microbiologically stable at room temperatures, 
chemical reactions leading to deterioration are temperature dependent 
and ambient temperature storage is likely to reduce shelf life. 

• From a technological Viewpoint differences between UHT sterilized and in-bottle 
teriJized milk are best illustrated by plotting reaction kinetic data for inactivation of 

Pseudomonas proteases (a), destruction of thiamine (b) and inactivation of thermophilic 
(c) and mesophiliC (d) endospores. The conditions for UHT and in·bottle tcciJization are 
then superimposed on the resulting semi-logarithmic plot (Lewis, MJ. 1986. In Modem 
Dairy Technology. voL J. Advances t1l Milk Processing (ed. Robinson, R.K.). Elsevier 
Applied Sciences, London, pp. 1-50). 

Sterilized milk region 

10 

10 

10 

UHT reg ion 
120 125 130 135 140 145 150 
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In addition to UHT sterilization, small quantities of milk are sterilized by 
an in-bottle process. In-bottle sterilized milk is legally defined in the UK 
as milk which has been maintained at a temperature above 100°C for a 
sufficient time to ensure that the 'turbidity' test, which detects undena
tured whey proteins, is negative. In practice conventional in-bottle 
sterilized milk receives a heat treatment of 110-120°C for 20-40 min. 
Higher temperatures are used for production of sterilized milk by a 
combination of continuous and in-bottle heating (see page 69). 

In the UK, consumption of sterilized milk is concentrated in its 
traditional markets, the industrial regions of the west Midlands and 
north west of England. Elsewhere the product is reviled and likely to be 
refused even as an accompaniment to tea or coffee. 

2.2 TECHNOLOGY 

In all cases heating is the key stage in liquid milk processing, but a 
number of other operations are involved. Each has a distinct technologi
cal purpose and each is described separately. It must be appreciated, 
however, that the plant should be considered as a whole with respect to 
correct and safe operation, particular care being necessary in the 
control of operations which involve a risk of recontaminating the heated 
product (see pages 51-54). 

2.2.1 Incoming raw milk 

Milk: is commonly delivered to dairies in bulk and stored, before 
processing, in large refrigerated silos. According to local practice milk 
may be stored in the silos for up to 4 days and longer periods may be 
considered desirable to permit the most efficient utilization of plant. 
Growth of psychrotrophic micro-organisms and consequent production 
of heat-stable proteolytic and lipolytic enzymes occur and may cause 

Table 2.3 Pre-treatment of raw milk 

Thermization (ca 65° for ca 15 s) 
Carbon dioxide addition 
Deep cooling (ca 2°e) 
Thiocyanatellactoperoxidaselhydrogen peroxide system 

Note: In addition to the above methods, direct addition of hydrogen peroxide has 
been employed in sub-Saharan Africa, but is not considered suitable for liquid milk 
elsewhere. Hydrogen peroxide is, however, permitted (at a concentration not 
exceeding 0.05% ) as a sterilizing agent in cheesemilk in the United States. 
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spoilage of the processed milk. The problem is greatest with UHT 
processed milk but quality problems can also occur in pasteurized milk. 
A number of procedures have been described to permit extended 
storage of raw milk (Table 2.3) but of these only thermization is 
commercially employed on a regular basis. 

2.2.2 Pasteurized milk 

Stages in the production process of pasteurized milk and the critical 
control points for product safety and quality are illustrated in Figure 
2.1. 

CONTROL POINT: INCOMING RAW MILK CCP 2 

Control 

Initial quality determined at farm level (pages 35-8). 

Formal scheme must be operated to ensure storage before processing is 
not excessive and that temperature is maintained at 2-4°C. 

Monitoring 

Chemical 

Ensure compositional standards are met. 

Ensure absence of antibiotic and other residues if required. 

pH value is a useful predictor of storage instability of UHT milk. 

Goat and sheep milk may be adulterated with cows' milk and species 
determination should be made if doubt exists. 

Microbiological 

Determine microbiological quality of incoming milk. 

For UHT milk microbiological quality should also be determined after 
bulk storage, if prolonged. Direct assay of proteolytic enzymes may 
provide a more accurate assessment of suitability for processing than 
counts of psychrotrophic micro-organisms. 
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(a) Pasteurization 

Although legislation permits two pasteurization processes, L TL T and 
HTST, the former is now rarely used in commercial practice and will not 
be discussed further. 

a 

Milk in 

- , 
b 

r 
I 

c 

e 

d 

, 
Milkoul 

Figure 2.2 Plate heat exchanger-based pasteurization plant: schematic dia
gram. Raw milk enters the pasteurization plant and is preheated by outgoing 
milk in the regenerator section (b). The preheated milk then passes to the 
pasteurization section (c), where it is heated by hot water to the required 
pasteurization temperature. All heat exchange sections consist of a series of 
plates, milk flowing on one side and heating, or cooling medium on the other 
(f). Th~holding tube (d) ensures that the milk is held for the necessary period 
at pasteurization temperature. Holding period is determined by the length of 
the tube, which is ftxed, and the flow rate, determined by a positive pressure 
pump. Plug flow represents an ideal situation in the holding tube, but is 
unattainable in practice. Turbulent flow (e) results in good mixing and a flat 
velocity proftle. Pasteurizer design should take account of the flow characteris
tics in the holding tube and ensure that the minimum residence time is 
sufficient to ensure safety. 
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In theory many types of heat exchanger are suitable for application in 
the HTST process, but the plate heat exchanger (Figure 2.2) is now in 
virtually universal use. The detailed design of plant varies but the 
requirements for successful operation are common to all types (Table 
2.4). Plate heat exchangers consist of a number of stainless steel plates 
clamped vertically into a rigid frame. Individual plates are separated by 
gaskets which form seals around the outer edges of the plates and round 
two of the ports so that the milk and the heating/cooling medium are 
distributed in thin films of large surface area on opposite sides of each 
plate. Plates are grouped into sections for heating, cooling and, in most 
cases, regeneration where heat is transferred from the hot, pasteurized 
milk to the cold raw milk. Regeneration is important with respect to 
economic operation of the plant and over 94% of the necessary 
heating/cooling can be achieved in this stage, permitting substantial 
savings in operating cost in relation to capital outlay. 

An external holding tube is used to ensure the correct length of heat 
treatment. Holding time is a function of the length of the holding tube and 
the flow rate and it is necessary to strictly control the latter using a constant 
delivery pump or a flow control valve. The severity of the heat treatment, 
however, is dependent not only on the length of time in the holding tube 
but on the whole time-temperature characteristics of the process. 

Pasteurization plant is fitted with a flow diversion device at the end of 
the holding tube which returns the heated milk to the raw milk side of 
the plant if the pasteurization temperature is not attained. 

• Specified pasteurization processes were originally based on the heat treatment 
necessary for the destruction of Mycobacterium tubercu/osllm, then a common milk· 
borne pathogen. In the U a more rigorous treatment was ubsequently specified to 
ensure destruction of the rickensial pathogen Coxle/Ja bumetNl, which has a relatively 
high level of heat rC5istance attributed to the presence of endospore·like forms. As noted 
above, concern over the possible survival of Listeria monocytogenes bas led to some 
processors voluntarily raj ing the pasteurization temperature. 

• The po itioning of the temperature sensor for the detector is a continuing cause of 
debate. If po itioned at the beginning of the holding tube underheated milk leaving the 
heat exchange is detected and the Bow diversion valve can operate in time to prevent any 
underheated milk entering the pasteurized stream. Such an arrangement, however, takes 
no account of any fall in temperarure during tran it through the holding tube. Conversely, 
positioning the sensor at the end of the tube means that temperature fall during holding is 
accounted for, but lag in operation of the diversion valve means that some underheated 
milk will pass into the pasteurized stream. Irregular flow and 'surging' of milk in the 
holding tube may also permit small quantities of underheated milk to pas undetected 
(Lewis, MJ. 1986. In Modern Dairy Tecbnology, voL 1. Advances in Milk Processing (ed. 
Robinson, R.K). Elsevier Applied Sciences, London pp. I-50). 
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Table 2.4 Requirements for successful operation of pasteurization plant 

Requirement 
Solution 

Requirement 
Solution 

Requirement 
Solution 

Requirement 
Solution 

Requirement 
Solution 

Application of correct thermal process 
( a) Use of thermostatic control to ensure heating medium at 

correct temperature 
(b) Use of positive control to ensure flow rate through 

holding tube correct 
( c) Use of long, thin holding tube to minimize short holding 

times due to turbulent flow 
(d) Fitting of automatic flow diversion device to return 

underheated milk to raw milk buffer tank 

Prevention of cross-contamination within pasteurizer 
( a) Vent interspace between seals to atmosphere to provide 

an immediate visual indication of gasket failure 
(b) Maintain a positive pressure balance between pasteurized 

milk and raw milk in the regeneration section 
( c) Ensure correct positioning of flow diverter and associated 

pipework to avoid contamination of pasteurized milk 
when through-flow resumes after diversion 

Cleanability 
(a) Fabricate milk contact surfaces from high grade stainless 

steel finished, preferably by electropolishing, to avoid 
crevices and consequent entrapment of soil 

(b) Welds, jOins, etc., should be finished to the highest 
possible standard 

( c) All materials used in construction should withstand con
tact with cleaning fluids 

Umitation of heat damage 
( a) Minimize temperature difference ( 1°C is desirable) 

between heating medium and milk 
(b) Minimize milk residence time in 'hot' section of pasteur-

izer 
( c) Ensure efficiency of cooling section 

Economic operation 
( a) Ensure efficiency of regeneration section 
(b) Employ maximum possible ratio of heating surface to 

volume 

Despite the high thermal efficiency of modern pasteurization plant, the 
increasing cost of energy has provided the impetus for research into 
alternative heating systems. The most promising of these is the use of 
microwave energy at 2450 MHz and plant has been developed for HTST 
pasteurization which has a comparable performance to conventional 
plant. Microwave heating, however, has not been adopted on a commer
cial scale. 
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CONTROL POINT: PASTEURIZATION CCP 1 

Control 

Thermal destruction of vegetative pathogens. 

Monitoring 

Ensure adequately trained operators available at all times. 

Check condition of equipment (worn gaskets, etc.) on a regular and 
routine basis. 

Monitor temperature of milk in holding tube and after cooling. 

Verification 

Periodic specialist examination and maintenance of plant by manufac
turers. Ensure correct operation of flow diverter at start of each run. 

Examination of thermograph records. 

Phosphatase test. 

Note: In most countries legislation specifies that a thermograph must be 
fitted and the record maintained for a given period 

(b) Protection of pasteurized milk from recontamination 

Prevention of recontamination is not a discrete process such as pasteur
ization or homogenization, but is of major importance in production of 
pasteurized milk that is both safe and of satisfactory storage life. 
Individual pieces of equipment such as plate heat exchangers are 
designed and constructed to minimize the possibility of the pasteurized 

• Modem retailing practices require a long storage life for pasteurized mille lbis requires 
a very low level of post·pasteurization contamination and a highly effective cold chain. 
Attempt to increase the storage Life by rai ing the pasteurization temperature have not 
onJy been unsucce ful , but rc ulted in faster growth b)' any bacteria present. ThiS 
·pa teurization effect' is attributed to the inactivation of naturaJ anti·microbial systems in 
milk at the higher pasteurization temperatures. 
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product being contaminated either with raw milk or from other sources, 
but it is necessary to view the potential for contamination from the 
viewpoint of the entire plant and its operations. Milk moves through the 
plant to the final container in closed pipes and tanks and 'hands-on' 
operations are, or should be, totally avoided. Despite this recontamina
tion of pasteurized milk can occur with serious potential consequences 
both for public health and product spoilage. The possible routes of 
contamination are summarized in Figure 2.3 and means of control 
summarized in Table 2.5. 

It is of particular importance to ensure that there are no cross
connections whatsoever between raw product equipment and piping 
and pasteurized product equipment and piping and that cleaning-in
place (CIP) systems are also entirely separate. The inherent safety of the 
plant should be reviewed after any change whatsoever in layout of 
equipment and alterations to pipe runs. Equally no change should be 
made, even on a temporary basis, that has not been authorized by 
technical management. 

(c) Homogenization 

Homogenization may be applied to milk to reduce the size of the fat 
globules and thus prevent, or greatly reduce 'creaming'. Piston driven 
valve homogenizers are used which subject the milk to high velocity 
turbulent flow fields (Figure 2.4). Homogenizers are sometimes incor
porated in the pasteurizer and operated at, or near, pasteurization 
temperature. This has the advantage of permitting lower pressures to be 
used and reducing problems due to microbial contamination. 

(d) Filling 

Milk may be filled into a number of types of container including glass, or 
plastiC, bottles and plastic-coated cardboard containers for retail sale, or 
plastic bag-in-box containers for bulk use. Re-usable glass bottles are 

Raw 
milk 

Outer I 
environment ,....-----t.----------,I 
Plaint .. Pasteurized 

'"romeo. .. t" .. pe'Toel 

Packaging ~ I .. Equipment 

Figure 2.3 Possible routes of contamination of pasteurized milk. 
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Table 2.5 Precautions against re-contamination of pasteurized milk 

Source 
Pathway 

Precautions 

Source 
Pathway 

Precautions 

Source 
Route 

Precautions 

Source 
Route 

Precautions 

Source 
Route 

Precautions 

Raw milk 
(a) Direct 
(b) Indirect via contamination of plant environment, passive 

transfer on hands of personnel, etc. 
(a) Correct design (see text pages 49-51). 

Correct operation and maintenance of pasteurizer (see text 
page XXX). 

(b) Correct plant layout. 
Control of personnel movement and avoidance of 'hands-on' 
operations involving milk or milk-contact surface. 

Plant environment 
Usually indirect via contamination of equipment. Also possible 
via personnel and packaging 
Prevent contamination of plant environment from outer environ
ment including animals and birds, soil and water. 
Eliminate contamination of pasteurized milk side of plant by 
drainage, etc. from raw milk side. 
Correct environmental sanitation. 

Personnel 
(a) Direct due to personnel suffering clinical illness or being 

convalescent or chronic carrier of pathogens. 
(b) Indirect due to introduction to plant of contamination from 

outside environment, etc. A particular hazard can exist in 
some rural areas where personnel are also smallholders. 

( a) Apply appropriate medical and exclusion policies. 
(b) Ensure good personal hygiene and correct use of protective 

clothing and footwear. 
( c) Prohibit raw produce such as eggs being brought into the 

plant by part-time farmers for sale to fellow workers. 

Equipment 
Direct following: 
(a) Contamination of equipment by raw milk, etc. 
(b) Development of biofilms and colonization of milk contact 

surfaces by micro-organisms. 
( a) Protect equipment (see above). 
(b) Restrict operating periods to not more than 8 h. 
(c) Utilize suitable cleaning and sanitization programmes. 

Packaging 
Direct following: 
( a) Failure to adequately clean and sanitize reusable bottles. 
(b) Contamination of packaging from plant environment, etc. 
( a) Institute correct cleaning, sanitization and inspection proce

dures. 
(b) Protect packaging from contamination. 

Note: It is good practice to periodically review possibilities for contamination in 
each plant and to test precautions on a 'what ill' basis. During such exercises 
possibilities should not be ignored because they are considered 'unlikely', since 
it is 'unlikely' circumstances which lead to most catastrophes. 
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Milk from 

t 
Spring-loaded valve 

Figure 2.4 Principle of valve homogenizers. 

now seen as an 'environmentally friendly' means of distributing milk at 
retail level. Such bottles do, however, cause considerable problems due 
to the need to ensure adequate cleaning and sanitization before re-use. 
The problem is exacerbated by the failure of consumers to rinse empty 
bottles or, even worse, to use the bottles before return as containers for 
paint and household chemicals. Modern bottle washers of the Hydro
type usually have five stages, involving prerinsing by both immersion 
and spray, before cleaning with a sodium hydroxide solution at ca. 62°C. 
The bottles are then rinsed with water at ca. 49°C, sanitized with a 
hypochlorite spray, before consecutive final rinses in warm (49 and 
30°C) and cold water. Bottles leaving the washer should be inspected 
visually or by an automatic photoelectric cell device. Despite stringent 
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CONTROL POINT: HOMOGENIZA nON CCP 2 

Control 

Reduce size of fat globules to eliminate creaming. 

Sanitation to minimize microbial contamination. 

Monitoring 

Ensure correct pressure setting( s ) and check periodically. 

Ensure correct application of CIP or manual cleaning procedures. 

Verification 

Visual inspection. 

Assessment of microbiological status. 

precautions, improperly cleaned bottles do sometimes pass, undetected, 
to the consumer resulting in dissatisfaction and the possibility of legal 
action with attendant adverse pUblicity. 

Single-use plastic bottles may be preformed or blow-moulded on site. 
Preformed bottles are usually made from polyethylene and most types 
can be used without prior rinSing. Blow-moulded bottles are made from 
high-denSity polyethylene or polypropylene. Moulding takes place at ca. 
200°C. This sterilizes the bottles which may be used in programmes 
designed to minimize post-pasteurization contamination. 

Polyethylene is most commonly used for coating cardboard, cartons 
being either prefabricated or, more commonly, fabricated from roll 
material directly before filling. Large capacity bags are usually pre
formed and protected by rigid cardboard outer packing. An outlet tap is 
incorporated in the bag . 

• Mlgratlon of soluble compounds from the polyethylene lining of cardboard cartons can 
result in rapid tainting of we=: contents. The problem is greatat with snull (0.51) cartons 
where taints I1l2}' be detected after only 1 day of storage. The nature of the compounds is 
not known. 
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Large capacity filling machines are mechanically complex, but essen
tially employ pistons to deliver a predetermined quantity of milk into 
each container. Bottles are sealed with an aluminium foil cap, while 
other containers are heat-sealed. A recent innovation is a retail milk 
carton which can be re-sealed after initial use. 

CONTROL POINT: FIlliNG CCP 2 

Control 

Cleaning and sanitizing glass bottles. 

MOnitoring 

Ensure correct operation of bottle washer. 

Visual/automated inspection of aU bottles before filling. 

Verification 

Check operation of automated inspection equipment. 

Microbiological analysis of bottle rinses. 

Control 

Filling of predetermined volume. 

Correct sealing to prevent leakage and contamination. 

Monitoring 

Operator to ensure correct functioning. 

Verification 

Measurement of volume filled. 

Examination of seals including tear-down tests (heat-sealed cartons). 
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(e) Separation and 'sterilization' processes 

Separation and 'sterilization' processes are designed to produce pasteur
ized milk of extremely high microbiological quality and thus of 
extended shelf life. The milk is also highly resistant to fat oxidation 
while lacking the cooked flavours associated with high temperature 
treatments. More than one approach is possible, but the underlying 
principles involve the concentration of most of the bacteria into a 
fraction of small volume. This bacteria-rich fraction is then 'sterilized' at 
a temperature sufficient to kill endospore-forming bacteria such as 
Bacillus cereus and then recombined with the milk before conventional 
pasteurization. Pasteurization is required to inactivate any bacteria 
which were not partitioned into the bacteria rich fraction, or which 
were derived from the plant. 

A number of approaches have been made to developing successful 
processes including the use of gravity, or centrifugal separation, ultrafil
tration and microfiltration. The technology of a commercial-scale plant, 
the Alfa-Laval Bactocatch TM, which combines centrifugation with micro
filtration is illustrated in Figure 2.5. 

(f) End-product testing 

End-product testing is required for all types of pasteurized milk. It must 
be appreciated, however, that end-product testing is essentially a means 
of verifying that correct processing procedures have been observed and 
not a means of imposing control. 

2.2.3 Ultra-heat-treatment of milk 

Stages in the production of UHT milk are summarized and the critical 
control points for safety and stability indicated in Figure 2.6. 

Key stages for product safety and stability are sterilization and aseptic 
packaging, although homogenization is also essential to avoid fat separa
tion and hardening during storage. It must also be appreciated that all 
plant downstream of the sterilization stage must be capable both of 

• It i usually inappropriate to take action on the basis of a ingle set of results of 
end-product tests and judgement i based on performance over a period of time. In the 
US, further sampling is undenaken if the standard plate count exceeds the standard. 
Under the 'three out of five' system of compliance no less than three of the next five 
samples examined must have standard plate countS below the tandard (Grade A 
Pasteurized Milk Ordinance. USPHS, FDA 1978). 
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Whole raw milk 

+ Centrifugal separator 

~ 
Heat at 115 -1200 for 3 s Microfi lter 
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+ Fill 

Figure 2.5 The Bactocatch separation and 'sterilization' process. 

being sterilized and maintained in a sterile condition for the duration of 
the production run. 

(a) Sterilization 

Plant for continuous UHT sterilization of milk may be placed in two 
categories: indirect heating and direct heating. In common with pasteur
ization plant, each type must be fitted with flow diversion devices to 
prevent underheated milk entering the UHT milk stream and recording 
thermographs. 

Indirect heating is carried out using tubular, or plate, heat exchangers 
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Raw milk from farm CCP 2 

~ 
Bulk storage CCP 2 

~ 
NON-STERILE Clarification 

~ 
p,e-hr'" l 

CCP 1 Steam heating Diversion 

H"!,,, ........... _____ ....11 

• Flash cooling CCP 1 

STERILE ~ 
Homogenization CCP 1 

Packaging ~ 
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Sterilization CCP 1 ~ 
L..-____ .... ~ Aseptic filling and sealing CCP 1 

~ 
Distribution 

Figure 2.6 UHT sterilization of milk by direct heating. 

similar to those used for pasteurization. It is necessary, however, to 
employ higher operating pressures to prevent the milk boiling at the 
higher temperatures. Pressurized hot water, or steam is used as heating 

• A novel indirect method, the AIia·Lavai ·Achilles and the tortoise' sy tern dispenses with 
a conventional heat exchanger and holding rube and is further unusual in that both milk 
and packaging pass through the same sterilization zone. Milk is fed into a plastic film 
formed continuously into a rube, the tube then passing through a bath of heating liquid 
and acting as a moving heat exchanger through which the milk passes at 10 times the 
speed of the tube. After heating and cooling, the rube/milk is separated into individual 
packages. The system avoids problems of fouling. avoids the use of sterilizing chemicals 
or steam and permitS a lower nominal heat process. 
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medium and there is a trend to high regeneration efficiencies of 
85-90%. Plant of high regeneration efficiency usually has large heat 
exchange systems and thus longer total transit times. Improvements in 
operating efficiency are therefore accompanied by increases in the 
amount of chemical damage. 

The production of UHT milk by direct heating systems involves the 
mixing of superheated steam with milk, which is consequently heated 
almost instantaneously to the required sterilizing temperature. 

Incoming raw milk is heated by a regenerative heat exchanger to 
70-80°C before passing to the mixer. Much effort has been expended in 
the design of systems for mixing steam and milk, it being desirable from 
the viewpoint of both product quality and operating efficiency that the 
temperature rise should not only be very rapid, but that all of the milk 
should be heated at the same rate. Two basic systems are used -
injection (steam into milk) and infusion (milk into steam). The APV 
Uperiser™ plant is a widely used example of an injection system, a 
specially designed injector being used to promote turbulence in the 
milk stream. Infusion systems include the Pasilac TM, where droplets of 
milk are mixed with steam, and the DaSi™, where thin sheets of milk fall 
into an atmosphere of steam. 

Heated milk passes to a holding tube and then to a vacuum vessel. At this 
stage the temperature of the milk falls rapidly, the resulting loss of 
energy causing some of the water and other volatiles to vaporize. This 
process, 'flash cooling', has three technological objectives: 

1. Very rapid cooling which reduces the extent of thermal damage. 
2. Removal of water to restore the milk to its original composition. 
3. The removal of low molecular weight volatile compounds which 

have a deleterious effect on product quality. 

The degree of cooling and the quantity of water removed is determined 
by the level of vacuum. The quantity of water removed must equal that 
added during steam injection and, as the thermal characteristics vary 
from plant to plant, individual calibration is necessary. 

When installing UHT plant the choice between direct and indirect 
heating is influenced by both economic and quality considerations 
(Table 2.6). 

Fouling, a major problem in indirect plants, is caused by deposits on the 
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Table 2.6 Comparison of indirect and direct heating for UHT processing 

A.Econoollcaspe~ 

Capital expenditure 
Indirect plant less complex and less expensive than direct. 

Operating efficiency 
Operating efficiency and costs less in indirect plant due to difficulty of 
recovering energy lost during flash cooling in direct plant. 

Run time 
Reduced fouling in direct plant means run times of up to 20 h in direct 
heated plant compared to 6-10 h in low regeneration efficiency indirect 
plant and 14-16 h in high regeneration efficiency plant. Longer run times 
at least partly offset the lower capital and running costs of indirect plant. 

B. Quality aspects 

Organoleptic quality 
Direct plant produces milk of superior flavour and odour. Flakes of 
deposited material are absent. 

milk side of heat exchange surfaces which increasingly impair plant 
efficiency to a point at which operation is not viable. The deposits are 
difficult to remove and product quality may be affected by small flakes 
entering the milk. Although deposits may form either in the regenerator 
section of the plant or during the heating of the milk to sterilization 
temperatures the length of production runs is limited by fouling of the 
high temperature section. These may be minimized by reducing the 
temperature differential between the heating medium and the milk and 
by ensuring that only good quality milk is processed. pH value is of 
particular significance in this context and build-up of deposits is 
particularly rapid when processing milk of a pH value below 6.6. 
However, natural variation in milk composition can lead to twofold 
variation in the efficient run time of plant. 

The higher quality of direct heated UHT milk is attributable to the 
shorter period of time it is held at the higher end of the temperature 
range. Comparisons are complicated, however, by the fact that different 
plants have different time-temperature profiles (Figure 2.7) and that 
chemical damage, in some plant, results primarily from excessive 
heating and cooling periods. The most satisfactory method of comparing 
plant was devised by the German food engineer, Dr H. Kessler, who 
introduced a microbiological parameter, B" and a chemical parameter C" 
(see Figure 2.8 for definition and derivation of these parameters). It is 
highly desirable that the value of B" should exceed I, while the value of 
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Direct heated 

Indirect heated (a) 
Indirect heated (b) 
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Time (seconds) 
Figure 2.7 Kinetic reaction data for different sterilization procedures. Based 
on Lewis, MJ. 1986. In Modern Dairy Technology, vol 1, Advances in Food 
Processing (ed. Robinson, RK). Elsevier Applied Science, London. 

c* should be as low as possible. Typical values for indirect plants are B* 
= 1.25; C* = 0.49 and for direct plantsB* = 2.18; C* = 0.30. 

(b) Homogenization 

As noted above, homogenization is essential for the stability of UHT 
milk. However homogenization conditions, and consequently emulsion 
properties, have wider implications for product quality. Factors to be 
considered include homogenization pressures, single or double stage 
operation and positioning upstream or downstream of the sterilization 
process. Information on the best conditions is not readily available, but 
it is generally recognized that, from the viewpoint of plant design, the 
homogenizer should be upstream of sterilization to avoid the need for 
sterile operation. However subsequent heating, particularly by direct 
processes, may destabilize the emulsion and it is often necessary to 
place the homogenizer downstream. 

(c) Maintenance o/sterile conditions downstream o/sterilization 

Sterility is achieved by circulating hot water through the plant and 
ensuring that all parts in contact with the milk attain a temperature of 
130°C. Valves, seals, etc., must be capable of withstanding this tempera· 
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CONTROL POINT: UHT STERIliZATION CCP 1 

Control 

Inactivation of vegetative micro-organisms and endospores by heating 
for approved temperature-time combinations. 

Monitoring 

Measurement of temperature, pressure and flow rates. 

Ensuring correct operation of control and safety devices. 

Inspection of the physical condition of the plant. 

Verification 

Sterility testing. 

Examination of plant records. 

CONTROL POINT: HOMOGENIZATION CCP 1 OR 2 

Control and monitoring of the homogenization process itself is the same 
as that during pasteurized production. Where homogenizer is down
stream of the sterilizer it is necessary to use equipment designed and 
constructed for aseptic operation. The cleanliness of the homogenizer 
should be checked before assembly and operation monitored through
out use to ensure aseptic operation. 

ture and special consideration must be given to the design of ancillary 
equipment such as pumps. Downstream homogenizers present a special 
problem and in operation sterility is maintained by a sterile block, a 
steam chest through which the piston rods pass. 

(d) Aseptic filling 

Aseptic filling is an integral part of the production of VHT milk and all 
plant and associated equipment must meet basic conditions: 
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Microbiological parameter 
A B* value of 1.0 represents a process of 135°C' for 10.1 s (Zvalue = 10.5°C). 
B* may then be evaluated for any plant for which the temperature-time profile is known 
according to the formula 

f 10 (135-8) 110.5 
B* = dt 

where 8 is the temperature and 
t is the time in seconds 

Chemical parameter 

10.1 

65 

The C* value is based on the conditions required for a 3% reduction of thiamine, which are 
135°C for 30.5 s (Zvalue = 31.4°C). 

f 10 (135-8)/31.4 
C* = dt 

30.5 

, 135°C is used as reference temperature instead of 121°C to reduce the extent of 
extrapolation required for UHT processing 

Figure 2.8 Definition and derivation of microbiological parameter (B-) and 
chemical parameter (Co) for assessment of UHT plants. 1135°C is used as 
reference temperature instead of 121°C to reduce extent of extrapolation 
required for UHT processing. Based on Kessler, H.E. 1981. Food Engineering 
and Dairy Technology. Verlag A. Kessler, Friesing. 

CONTROL POINT: MAINTENANCE OF STERIU'IY CCP 1 

Control 

Prevention of recontamination of sterilized milk. 

MOnitoring 

Assessment of efficiency of cleaning. 

Measurement and recording temperature of circulating hot water. 

Verification 

Sterility testing. 
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1. Transfer of milk from the sterilizing plant to the point of filling 
must be made under aseptic conditions. 

2. Plant must be capable of being sterilized before use. 
3. A means must exist of sterilizing packaging. 
4. Filling, sealing and critical transfer operations must be carried out 

in a 'sterile' environment. 

A wide variety of aseptic packaging systems is available (Table 2.7), but 
the vast majority of UHT milk is packaged in cartons using either the 
Tetra BrikTM or Combibloc™ system. Each of these employs cartons of 
plastic:paper:aluminium foil laminates but they differ in that cartons for 
Tetra BrikTM are formed direct from the reel and sealed below the 
product surface, while Combibloc ™ cartons are performed and sealed 
above the product surface. Milk packed in Combibloc-type packaging is 
more susceptible to oxidative deterioration, although in many plants 
this problem is minimized by flushing the atmosphere above the milk 
with an inert gas. 

Plastic bottles and pouches have been introduced more recently for 
packing UHT milk and, like bottles for pasteurized milk, may be either 
blow-moulded on site or preformed. Bottles, however, must be manu
factured to more rigorous specifications to meet the requirements of the 
long shelf life of UHT milk. Triple-laminated high density polyethylene is 
widely used for bottle manufacture, while pouches are made from 
co-extruded polyethylene and polyvinylidene chloride, or ethyl vinyl 
acetate. 

Table 2.7 Examples of systems for aseptic packaging of UHT milk 

System Pack type and material Sterilization Filling 
environment 

Tetra Brik Web-fed H20 2 and heat H20 2 and steam 
paper/plastid AI 
foil laminate carton 

Combibloc Pre-formed H20 2 and hot air Sterile air 
paper/plastid AI 
foil laminate carton 

Uquipack Pre-formed Synergistic H20 2 Sterile air 
paper/plastid AI and ultraviolet light 
foil laminate carton 

Freshfill Pre-formed H20 2 and hot air Sterile air 
thermoplastic cup 

Adapted from Hersom, A. C. 1985. Food Reviews International, 1, 215-70. 
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(e) Verification of plant performance 

Verification that the plant is capable of consistently producing a sterile 
end-product should be made at commissioning, or after major mainte
nance work. Challenge tests are used which verify the performance of 
the entire plant as well as that of critical stages such as heat treatment of 
the milk and sterilization of the packaging material. Bacillus stearother-

CONTROL POINT: ASEPTIC FILUNG CCP 1 

Control 

Presterilization of plant. 

Installation of filler in 'clean' area with control of air flow and pressure. 

Sterilization of packaging material and of air or gases used for flushing 
pack. 

Correct formation of pack and making of seals. 

Monitoring 

Ensure physical condition of plant acceptable. 

Ensure correct air flow and pressure in 'clean' area. 

Ensure correct operation of systems for sterilization of packaging, etc. 

Ensure correct formation of pack and integrity of seals. 

Verification 

Tear-down testing of seals. 

Sterility testing. 

Note: Quality control of packaging material is primarily the responsibil
ity of the manufacturer, but material should be inspected prior to use to 
ensure freedom from dust and other contaminants, creasing and other 
visual defects. 
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mophilus is widely used as challenge organism for milk sterilization, 
while the choice of challenge organism for packaging sterilization varies 
according to the method of sterilization used. B. suhtilis, for example, is 
the common choice where HzOz is used as sterilizing agent. Sealing 
equipment should also be subject to rigorous checks at this stage and 
either dye or biotest methods may be used. 

(f) End-product testing 

No index test exists for the UHT sterilization process and end-product 
testing for sterility is used to verify the performance of the whole 
system. The numbers of micro-organisms present in non-sterile packs 
are very low unless gross underprocessing has occurred and incubation 
is required before microbiological testing. Methods used are discussed 
in more detail in pages 98-99. 

To be effective any end-product testing must be based on a properly 
devised and implemented statistical sampling scheme. During commis
sioning it is usual to sample 100% of production, but during subsequent 
operations the number of packs is gradually reduced to 0.1 % and finally 
as low as 0.01 % of production, or a fixed number of packs per batch. 

2.2.4 In-bottle sterilized milk 

Milk for sterilization is filtered or clarified and homogenized before heat 
treatment. In conventional production the milk is filled into thick
walled, narrow-necked bottles which are closed by machine-crimped 
Crown ™ caps. 

Batch retorts were originally used for sterilization but these have now 
been largely replaced for large-scale processing by continuous retorts of 
the hydrostatic and rotary types. These retorts are designed to agitate 
the milk during processing and the resulting improvement in heat 
transfer permits a reduction in the overall thermal treatment. From the 
viewpoint of flavour changes and nutritional losses, this leads to an 
improved quality, although normal criteria for judging milk quality do 
not apply in the traditional sterilized market and severity of processing 
may be determined by the amount of caramelization required. 

More recent processes for in-bottle sterilized milk have involved 
processing in a continuous-flow heat exchanger. Milk sterilized in this 
way may be aseptically filled into sterile bottles, but it is more common 
to combine continuous heat treatment with an additional retorting 
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period after filling. The severity of this heat treatment is considerably 
less than that used for conventional in-bottle sterilization, but is 
sufficient to complete the denaturation of the whey proteins and thus 
satisfy the requirements of the turbidity test. A recently developed 
two-stage process (Stork International) involves continuous UHT pro
cessing in a tubular heat exchanger at 138--140°C for 2 s followed by 
filling, under clean conditions, into bottles. The second stage heating 
takes place in a continuous hydrostatic retort, the sterilization process 
being 10-12 min at 117-123°C. The process may be used with plastic 
bottles, but in this case compressed air is used to maintain the total 
pressure in the sterilizing chamber at 0.3-0.5 bar higher than the 
pressure of saturated steam alone to prevent the bottles, weakened at 
high temperature, bursting. 

Sterilized milk should be cooled as quickly as possible after processing 
to avoid further thermal damage and, in extreme cases, outgrowth of 
surviving endospores of thermophilic bacteria. The potential for con
tamination at this stage is less than with a double seam can, but cooling 
water must be of potable quality. 

2.2.5 Modified milk, added-value milk and milk analogues 

(a) 'Less harmful' and 'more healthful' milks 

The simplest form of 'less harmful' milk is skimmed or semi-skimmed 
milk in which the fat content is reduced by centrifugal separation in 
accordance with legal criteria (see Table 2.1 j page 43). 

Fat soluble vitamins are removed from milk with the fat and this leads to a 
dietary Significant loss of vitamin A. Pasteurized skim milk contains only a 
trace of the vitamin, while in pasteurized semi-skimmed milk the level is 
2S flWlOO ml (retinol equivalent) compared with SS f.tg'100 ml in pas
teurized full cream milk. Addition of vitamin A to restore the content to 
that of whole milk is mandatory in the US. Vitamin A is added as retinyl 
palmitate in concentrated butter oil and in the presence of an emulsifier. 
Photo-oxidative losses are greater for added Vitamin A than that naturally 
occurring and result in an oily, 'hay-like' flavour, although some protection 
against this is obtained by reducing the concentration in the butter oil. 

Skimmed milk lacks the smooth body and texture of whole milk and 
several products are available in which skim milk powder is added to 
produce a low-fat milk with similar organoleptic properties to whole 
milk. Such products also contain added vitamin A at levels equal to, or 
above, those in whole milk. 
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CONTROL POINT: STERILIZATION CCP 1 

Control 

Inactivation of vegetative and endospore-forming bacteria. 

Only correctly calibrated retorts should be used and correct operation, 
appropriate to the type of retort in use, is essential. 

Management systems must ensure that all bottles receive heat treat
ment. 

Retort operators must be fully trained and be aware of the safety 
implications of improper thermal processing. 

Monitoring 

The initial product temperature should be checked and any delay 
between filling and thermal processing recorded. The correct function
ing of the retort, its controls and recording devices should be checked 
visually or, in the case of computerized instrumentation, by test 
routines. Monitoring requirements vary according to retort design. 
However temperatures and pressures should be monitored in all cases. 
A calibrated and certified mercury in glass or platinum resistance 
thermometer should be used, other types are not suitable. 
Temperature-time recorders should be checked against the certified 
thermometer. These instruments are not sufficiently accurate for pro
cess control, but provide a record of temperature profiles. The operator 
should also maintain manual records of all aspects of retort operation. 

Verification 

Sterility testing. 

Examination of process records. 

Note: Other control procedures will be necessary where all, or part, of 
the processing involves a continuous flow heat exchanger. 

A number of 'more healthful' milk based products have been proposed, 
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although not all patents have become commercial reality. These include 
various vitamin-enriched formulations, high calcium and low-sodium 
milks and a semi-skimmed milk containing 11 % soluble dietary fibre. 

In recent years much interest has been shown in the development of 
'cholesterol-free' or 'low-cholesterol' milks. The methods of reducing 
the cholesterol content are the same as those applied to other dairy 
products and are discussed in greater detail in Chapter 1, page 20 

The necessary technology for the production of low-lactose milk has 
been available for some time, enzymatic hydrolysis using microbial 
~-galactosidase now being the preferred method. Lactose may either be 
hydrolysed before heat treatment using an immobilized ~-galactosidase, 
or by the post-heating addition of enzyme before packaging. The small 
size of the market means that only UHT sterilized lactose-hydrolysed 
milk is currently commercially viable due to its long storage life. 

Low-lactose milk may offer only a partial solution to the problems 
faced by lactase-deficient individuals since oligosaccharides are 
formed if less than 80% of lactose is hydrolysed. Oligo saccharides are 
poorly adsorbed in the small intestine and are fermented in the colon 
with possible resulting digestive problems similar to those of lactose 
intolerance. 

Milk is one of a number of non-fermented dairy foods which is used as a 
vehicle for Bifidobacterium. Refrigeration is required to prevent 
growth of the organism and product life is restricted by the requirement 
that at consumption 106 viable cells/ml must be present (see pages 
349-51 for a discussion of probiotic and therapeutic properties associ
ated with Bifidobacterium and its use in fermented milks). 

BOX 2.3 Too much of a good thing 

Over-fortification of milk with vitamin D at a small Massachusetts 
dairy resulted in at least seven cases of vitamin D toxicity and one 
death over a 4 year period. In some cases milk contained 600 times 
the stated quantity of vitamin D. Over-fortification resulted from a 
combination of unsatisfactory procedures at the dairy and incor
rect labelling of the concentrate, which contained 3.6 times the 
stated quantity of the vitamin (Food ChemicaINews,)uly 8, 1991). 
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BOX 2.4 So deeply sweet 

Hydrolysis of lactose yields glucose and galactose and the resultant 
milk has a sweet taste which is advantageous in production of 
sweetened flavoured milk. Rather surprisingly, there is evidence 
that many teenagers and young adults preferred the sweet taste of 
lactose-hydrolysed milk. A market for 'sweet' milk may therefore 
exist amongst persons for whom dietary considerations are unim
portant. The market for lactose-hydrolysed milk has also been 
extended to cats, many of whom are lactase deficient. 

(b) Added-value milks 

The simplest added-value milks are those intended for immediate 
consumption which are prepared by adding an appropriately flavoured 
and coloured syrup to a fresh milk base and 'shaking' to mix the contents 
and provide a degree of aeration. Flavoured milks are also produced for 
retail distribution and usually contain a stabilizer such as carrageenan to 
prevent separation of the ingredients during storage and to improve the 
product texture. A thickening agent may also be present and products 
may be weakly gelified. In such cases the milk may be structured to 
permit formation of a stable foam when the refrigerated product is 
shaken in its carton and this principle is employed in a brand extension 
exercise to produce a drink related to aerated chocolate bars. Flavoured 
milks are usually sweetened by sucrose, but increasing use is being 
made of intense sweeteners such as aspartame™. 

The increasing market for added-value milks has led to many approaches 
to product development. A process has been described, for example, for 
carbonation of UHT sterilized milks. Carbonation not only produces an 
effervescent drink, likely to be popular with children and adolescents, 
but results in improved perception of flavours . 

• Instability of chocolate milk is a particular problem [0 the industry and is of three types, 
sedimentation of cocoa particle formation of large floes and egregation into light and 
dark I.ayers. Sedimentation and flocculation are controlled by stabilizers which initiate 
formation of a weak network of protein and protein·covered cocoa particle . Segregation 
probably results from uniaxial compression of the total network due to gravitational force 
and ceases when gravitational force is counterbalanced by the elastic modulus multiplied 
by the deformation gradient of the network (van den Boomgaard, T. et al. 1987. 
Intematio1laljoumal 0/ Food Science and Technology, 22, 279-91 ). 
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Added-value milks may be based on whole, skimmed or semi-skimmed 
milk, a minimum milk content of S5% being required in the UK if the 
product is to be described as 'milk-based'. Additional milk solids are 
often provided by dried skim milk powder or concentrated skim milk 
but do not legally contribute to milk content. 

Added-value milks are heat processed for safety and stability. Pasteur
ization and UHT sterilization are most commonly used although some 
flavoured milks are processed by in-bottle sterilization. Sugar and 
some other ingredients have a protective effect on micro-organisms 
and a more rigorous heat treatment is required. Allowance must also 
be made for the higher viscosity and consequent slower heating of 
some products. Minimum heat treatments in the UK are 72°e for 15 s 
for pasteurization, 1400 e for 2 s for UHT treatment and 10Soe for 
45 min for in-bottle sterilization. Thermoduric organisms have, how
ever, been reported to survive a UHT process of 1400 e for 4 sand 
considerably more rigorous heat treatment than the stipulated mini
mum may be required, especially where the product is to be 
marketed in hot countries. Addition of all ingredients before the final 
heat processing is desirable, but some are heat-labile and for optimal 
organoleptic quality are added after heat treatment. Aseptic addition 
using the Tetradosing™ system is required for UHT products and a 
high standard of practice is necessary when making post-process 
additions to pasteurized products. In the case of sterilized products it 
is important that the flavouring should either mask, or complement, 
any cooked flavours, and that both flavouring and colouring should 
remain stable over the product storage period. Additional buffering 
capacity may be required where natural flavouring derived from 
acidic fruit is used to prevent coagulation during UHT processing. 

It is also necessary to be aware that additives may themselves be the 
source of micro-organisms, including pathogens, and are a critical 
control point. Particular care is reqUired when chocolate, or cocoa, is 
used as flavouring, or gelatin as stabilizer since these commodities have 
been identified as sources of Salmonella . 

• The reduced availability of calcium due to binding by some tabilizing gums and, in 
chocolate milk, by cocoa is a mailer for dietary concern in the case of high-ri k persons 
who consume added·value milk drinks in preference to milk itself. 
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(c) Gelified (structured) milks 

Gelified milks are related both to weakly gelified milk drinks and to 
highly structured, aerated products such as mousse (see page 389). In 
each case stabilizers and thickeners play a major role in determining 
product characteristics. Gelified milks are primarily prepared as ready
to-eat dairy desserts, but despite their structure are a special type of 
liquid milk product. 

Gelified milks are a relatively recent development and vary in nature 
according to the properties of the gel. The product is made from 
pasteurized or sterilized milk, sucrose, or other sweetener, flavouring 
and colouring, stabilizers, thickeners and gelifying agents. Manufac
ture involves the addition of ingredients to cooled, homogenized 
milk, and cooking at temperatures between 60 and 90°C. Gelified 
milks may either be pasteurized for sale from refrigerated display 
cabinets, or UHT sterilized for ambient temperature storage. In the 
latter case aroma is usually added as a final step process before 
aseptic packaging. 

The rheological properties of the finished product are largely depen
dent on the nature of the stabilizing, thickening and gelifying agents 
and the cooking these receive during manufacture. Starch, carrag
eenan, agar-agar, alginates, pectins and, less commonly, gelatin are 
used depending on the required properties of the product. Starch is 
probably the most important of these ingredients and structurally 
significant changes to starch during cooking are summarized in Table 
2.8. 

The ability to define the properties of the finished product by choice 
of ingredients and manufacturing conditions means that gelification 
can be used to manufacture a wide range of products. These range 
from pour-over sauces and custard of relatively low viscosity to flans 
with a tender gel structure, which can be pushed out of a cup 
(demouldable) to heavier puddings and multi-layer desserts . 

• Starch is considered particularly useful in formulating gelificd milks ince native starch 
i capable of modification to pro\'ide pecific properties. Wa.xy maize starch, for 0 . ample, 
may be rabiJized by the introduction of e ter cross·linking groups between chains. A 
high level of cro ·linking re ult in a tarch which remain of low-visco ity and easy [0 
handle until UHT proce ed and which has a hort and creamy texture. Where torage 
tability of the cnd·product is of particular impOrtance, cro ·linking may be combined 

with esterification and etherification. 
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Table 2.8 Structurally significant changes to starch during the cooking 
process in gelified milk production 

1. Swells under combined effect of water and heat 
2. Depolymerization of amylose and amylopectin 
3. Thermal energy permits passage of water through molecular network 
4. Starch granules swell with a corresponding decrease in density 
5. Density ultimately decreases sufficiently to allow granules to remain in 

suspension thus increasing viscosity of the solution 

(d) Milk analogues 

Milk analogues have been manufactured from soya beans for many years 
using a relatively simple extraction technique involving soaking the 
beans, grinding in water, filtering to remove sediment and heating. This 
process has a high protein extraction effiCiency but the resulting soya 
milk has a pronounced and unacceptable flavour due to the 
lipoxygenase-mediated oxidation of linoleic and linolenic acids, esters 
and triacylglycerols and formation of aldehydes, ketones and alcohols 
which impart the characteristic 'beany' flavour. 

Various attempts have been made to overcome the acceptability prob
lems caused by poor flavour. These include alkali soaking, acid grinding 
and hot water extraction, but while these improve flavour there is an 
adverse effect on the efficiency of protein extraction. A process, the 
Illinois process, has however been developed which produces a smooth, 
bland flavoured milk with good colloidal stability and a high efficiency 
of protein extraction (Figure 2.9). Residuallipoxygenase activity may be 
significantly reduced by anti-oxidants of which propyl gallate, especially 
in the presence of citric and ascorbic acid, is most effective. 

Other legumes such as cowpea (Vigna unguiCUlata) have been used for 
preparation of milk analogues in countries such as Nigeria where soya 

• Although legume-based milk analogues represent an important source of protein in 
developing regions, the biological value of the protein i considerably reduced by the 
presence of proteinase inhibitors. Eight proteinase inhibitors have been identified in soya 
beans, of which the Kunitz and Bowman-Birk inhibitors are of greatest importance. 
Protelnaceou inhibitors do not act by directly affecting intestinal proteolysis but, 
possibly, by rimularing pancreatic ccrclions leading to excessive endogenou 10 es of 
essential amino acids. Soya bean tryp In inhibitors may also be directly involved in the 
metaboli m of melhionine and may thu be responsible for apparent methionine 
deficiency. Although proteinase inhibitor may be inactivated by heat , it may nOt be 
possible to achieve tOtal inactivation without a d trimental effect on prOtein nutritional 
quality and processes mu t be carefully de igned and controlled to strike a balance 
between these two factOrs. 
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Soak beans 

+ Blanch in 0.5% sodium bicarbonate 

+ Grind with water in hammermill 

+ Heat to ca. 93.3°C 

+ Homogenize 

+ Neutralize and dilute 

+ Add salt, sugar and flavour 

(vanillin and starter distillate) 

+ Pasteurize at 82.2°C 

+ Homogenize 

Figure 2.9 Illinois process for manufacture of soya milk analogue. Data from 
Nelson, A.W. et al. 1979.]ournal of Food Science, 41, 57-62. 

beans are not readily available. Problems, however, remain with digest
ibility and overall acceptability. 

2.3 CHEMISTRY 

2.3.1 Nutritional changes during processing and storage 

Nutritional changes during HTST pasteurization and UHT sterilization 
are, in most cases, small and of limited significance, although the effects 
of indirect UHT processing are greater than those of direct UHT 
processing. Post-process nutrient losses, however, can mean that the 
nutritional status of pasteurized milk and, under some conditions, UHT 
sterilized milk at the point of consumption is much reduced. Major 
changes occur in the nutritional status of milk during the in-bottle 
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sterilization process, although the extent varies considerably with the 
severity of the process. 

(a) Vitamins 

Pasteurized and UHT sterilized milk have a similar spectrum of vitamin 
loss, although the extent is likely to be greater in UHT milk. The 
fat-soluble vitamins A, 0 and E and the water-soluble vitamins biotin, 
nicotinic acid, pantothenic acid and riboflavin are relatively heat-stable 
and there is no detectable loss during pasteurization or during most 
UHT processes. Losses of less than 10% of folic acid, thiamine, vitamin 
B6 and vitamin B12 occur during pasteurization, losses of vitamin B6 
being slightly higher during UHT processing. The most Significant loss is 
of vitamin C, total vitamin C content (ascorbic acid plus dehydroascor
bic acid) being reduced by 10-25% during pasteurization and by 25%, 
or more, during UHT processing. Losses in total vitamin C content are 
almost entirely due to the heat instability of the oxidized form, 
dehydroascorbic acid, and are thus minimized by handling procedures 
which limit the dissolved oxygen content of the milk. Loss of vitamin C 
continues during storage and while photodegradation (see below) is 
involved, this may again be minimized by use of processing which 
excludes oxygen. UHT milk produced by direct heating, or by indirect 
heating followed by deaeration, has a very low oxygen content and 
storage losses of vitamins are insignificant. In the case of conventional 
indirect heated UHT milk, however, Significant storage losses occur, not 
only of vitamin C, but also offolic acid, vitamin B6 and, to a lesser extent, 
vitamin B12. In the case offolic acid, 100% of activity can be lost within 
14 days, while 50% of vitamin B6 activity can be lost within 3 months. 
Folic acid can be protected by addition of vitamin C to the milk before 
processing. This practice leads, however, to markedly increased losses 
of vitamin B12. 

Light -mediated losses of vitamins are of importance in pasteurized milk, 
but in the case of UHT milk the use of aluminium foil-lined cartons 
provides total protection. As much as 75% of the riboflavin content can 
be lost during exposure to direct sunlight for 1 h and Significant losses 
also result from the use of high intensity lighting in retail display 
cabinets. There is also a Significant, but lesser loss of vitamin A. 

The extent of vitamin loss during in-bottle sterilization varies according 
to the process, but in all cases major loss occurs. The vitamin C content 
is reduced by 30-100%, thiamine by 20-50%, vitamin B6 by 15-50%, 
vitamin B12 by 20-100% and folic acid by 30-50%. Losses are signifi-
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BOX 2.5 Through a glass darkly 

In the UK, where delivery of milk to the home is common, bottles 
may remain on the doorstep from delivery in the morning until the 
householder returns in the evening. Loss of light-sensitive vitamins 
under these conditions is rapid and some years ago nutritionists, 
concerned about the consequences especially for children, sug
gested that milk should be filled into brown bottles. During trials, 
however, it was found that while brown bottles were effective in 
reducing light-mediated vitamin loss, the contents warmed very 
rapidly on sunny days leading to equally rapid spoilage. 

cantly lower when continuous flow heating is used as part of the process 
than when the entire heat-treatment is in-bottle. 

(b) Proteins and amino acids 

The effect of both pasteurization and UHT sterilization is limited. The 
Maillard reaction is initiated, but loss of available lysine is only 1-2% in 
pasteurized milk, ca. 4% in direct heated UHT milk and ca. 5.5% in 
indirect heated. Such losses are not biologically significant. In pasteur
ized milk significant light-mediated losses can occur during storage. 
Losses are most significant with respect to methionine, tryptophan and 
tyrosine. Significant denaturation of whey proteins occurs during UHT 
processing but this has no effect on the biological value. 

Available lysine losses of up to 13% can occur during processing of 
in-bottle sterilized milk. In contrast to pasteurization, or UHT steriliza
tion, there is also significant formation of lysinoalanine which is present 
at levels of 170-570 mg/l after conventional processing. Lysinoalanine is 
formed by the reaction of free E amino groups of lysyl residues with 
dehydroalanyl residues derived from the decomposition of cystine
cysteine and serine by ~-elimination. Lysinoalanine is toxic in the diet of 
rodents but not monkeys or, by extrapolation, humans. Its formation is, 

• Homogenization has no direct effect on the nutritional raru of milk fat, but it has been 
claimed that the smaller ize of the fat globule increases the digestibility of fat by the 
healthy adult. This in rum leads to xanthine oxidase, absorbed to the smaller fat globules, 
being carried 10 the artery waIJ.s and heart mu c1es where histochemical changes and, 
uJtimately, di ease late result from attac.ks on plasmalogens. Many nutrionists, however, 
trcat these claims with considerable scepticism. 
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however, accompanied by a reduction in the Net Protein Utilization. 

(c) Lactose 

Lactulose formation increases with the temperature of heat treatment, 
typical values being ca. 50 mgll in pasteurized milk, 100-500 mgll in 
UHT sterilized milk and 900-1380 mgll in conventional in-bottle steril
ized milk. Differences in lactulose content may be used to distinguish 
in-bottle sterilized from UHT and pasteurized milk. 

Variable quantities of galactose are formed in UHT and in-bottle 
sterilized milk as a consequence of thermal degradation. In very severe 
in-bottle treatment small quantities of epilactose are formed by epimer
ization and there is some degradation of galactose to tagatose. 

(d) Minerals 

Milk salts are of two types with respect to heat treatment; those 
unaffected such as sodium, potassium, chloride and sulphate, and those 
affected induding calcium, magnesium, citrate and phosphate. Heating 
affects the equilibrium distribution of calcium salts which results in a 
decrease in soluble calcium and precipitation of solid calcium phos
phate. Losses during pasteurization are Significant only in exceptional 
circumstances despite the role of milk as a major dietary source of 
calcium. In the case of UHT milk, however, as much as 40-50% of 
soluble calcium appears in the colloidal phase and work based on rat 
feeding experiments suggests that due to a decrease in adsorption of 
calcium, UHT milk should not be depended on as a source of calcium for 
children and pre-menopausal women. 

The formation of colloidal calcium during UHT processing is not fully 
understood. It is thought, however, that the newly formed calcium 
phosphate either builds up on that already present in casein micelles or 

• Two pathways have been suggested for lacrulose formation, alkaline epimerization of 
lactose, cataJysed by the amino group of casein or by the Lobry de Bruin- Alberda van 
Ekenstein transformation catalysed by ph phate and citrate. lacrulose i not hydtoly ed 
by mammalian enzymes, but may bc fermented in the large int tine with consequent 
f1atuJcncc. TIlis is unlikely to be a Significant problcm with thc quantities present in 
pasteurized, or UHT sterilized, milk but flarulence is a po ibility if significant quantities 
of in·bottle sterillzed milk are consumed. lacrulose formation can continue during 
torage of HT teriHzed milk, but only at temperarures in excess of 25°C, which 

e1fectivdy act as a secondary heat treatment Uiminez-Perez, S. et al. 1992.Joumalof 
Food Protection, 55, 304-6). 



80 Liquid milk and liquid milk products 

forms a new colloidal phase in association with denatured whey 
proteins. 

2.3.2 Changes affecting structure and quality 

(a) Proteins and amino acids 

Heat treatment of milk results in denaturation of the whey proteins. The 
extent varies according to the severity of heat treatment from partial 
during pasteurization to total during in-bottle sterilization. Immunoglo
bulins are the most labile, serum albumin, p-Iactoglobulin and a-lactal
bumin having greater stability. However, denatured p-lactoglobulin 
interacts with K-casein in a reaction involving a thiol-disulphide inter
change, which alters the micellar surface structure and stability. The size 
distribution is also affected, the relative number of both large and small 
casein micelles increasing. The increase in the number of small casein 
micelles increases the reflectance of milk leading to a whiter appear
ance. This is enhanced by changes resulting from homogenization, but 
non-enzymatic browning reactions have an opposite effect, lowering 
reflectance and increasing the green and yellow components of the 
colour system. 

The denaturation of whey proteins plays an important role in the 
development of 'cooked milk' flavour. This is insignificant in HTST 
pasteurized milk, but forms part of the characteristic taste of sterilized 
milk, albeit of secondary importance to the bitter and acrid flavours 
resulting from the Maillard reaction and from changes to lipids. 

In the case of UHT sterilized milk 'cooked milk' flavour is a serious 
quality defect. It is readily detectable both in the milk itself and in other 
foods and drinks containing milk as an ingredient and is probably largely 
responsible for the relative unpopularity of UHT milk. The defect may 
be described by other terms including 'cabbage', 'sulphur' and 'caramel' 
flavours. Sulphydryl groups, particularly free or active sulphydryls, are 
generally considered to be responsible for 'cooked milk' flavour. These 
are derived from whey proteins, the sulphydryl groups of which are 
exposed during thermal denaturation. Particular attention has been paid 
to p-Iactoglobulin, each 36 000 Dalton dimer of which contains two 
sulphydryl (-SH) groups and four disulphide (-S-S) groups and which 
accounts for over 50% of the whey proteins. Sulphydryl and disulphide 
groups are also present in blood serum albumin and disulphide groups 
in a-lactalbumin but casein contains only very few sulphydryl groups 
and makes little contribution to development of 'cooked milk' flavour. 
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During UHT processing the number of active sulphydryl groups 
increases, probably at the expense of disulphide groups with production 
following first order reaction kinetics. At the same time the total amount 
of sulphydryl decreases as a consequence of volatilization and at higher 
temperatures this also limits the total amount of active sulphydryl 
present. 

Detailed studies have been made of the low molecular weight volatile 
sulphur compounds present in UHT milk:. 'Cabbage' flavours showed a 
close correlation with total volatile sulphur and it is possible that 
volatile sulphur components rather than active sulphydryl groups are 
responsible for the very strong 'cooked' and 'cabbage' flavour of some 
types of freshly processed UHT milk. The major components have been 
identified by gas chromatography and mass spectrometry as hydrogen 
sulphide, carbonyl sulphide (COS), methanethiol (CH3SH), carbon 
disulphide (CS2) and dimethyl sulphide ((CH3)2S). 

'Cooked milk' flavours are most apparent immediately after processing 
but diminish with time to a normal acceptable flavour which in tum is 
supplanted by unacceptable oxidized or rancid flavours. Changes in 
flavour during storage have been shown to occur in two phases, each of 
which has a number of distinct stages (Figure 2.10)' Reduction in 
'cooked milk' or 'cabbage odours' occurs most rapidly in milks of high 
oxygen content and these are preferred for up to 13 days after 
manufacture. A high oxygen content, however, also leads to greater 
vitamin loss and a more rapid onset of fat oxidation and consequent 
oxidized or rancid flavours resulting from production of methyl ketones 
and aldehydes. Changes occur irrespective of the temperature of storage 
but are more rapid at higher temperatures. 

Development of 'cooked milk' flavour is much greater in indirect heated 
milk than in direct heated due to the removal of volatiles during flash 
cooling. Direct heated milk may be considered to be at the end of the 
primary phase immediately after manufacture and often has organolep
tic properties very similar to those of pasteurized milk. 

The major whey proteins are also involved in light-mediated reactions 
during storage of milk. Riboflavin catalyses a number of reactions which 
result in the formation of new low molecular weight fractions and an 
increase in amino groups. Whey proteins can also serve as oxidizable 
substrates for the photogeneration of superoxide anion, riboflavin again 
serving as catalyst. 

In addition to nutritional consequences, light-mediated degradation of 
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Initial heating flavour accompanied 

by a strong sulphydryl or 'cabbage' smell 

• Weaker sulphydryl or 'cabbage' odour 

with residual 'cooked' flavour 

Residual 'cooked' flavour with 

normal, acceptable, agreeable odour 

• Normal, acceptable to agreeable odour, 

flat, acceptable flavour 

• Flat, acceptable to mild, oxidized 

flavour 

• Incipient, oxidized flavour (or 

rancidity) to pronounced rancidity 

Primary 
phase 

Optimum time 
for consumption 

Secondary 
phase 

Figure 2.10 Changes in 'cooked milk' flavours during storage of UHT milk. 

methionine to methional is of importance in the development of 
off-flavours and curtailment of storage life. Methional has been shown to 
be responsible for the development of off-flavours variously described as 
'activated', 'oxidized' and 'sunlight'. Light-mediated reactions may also 
lead to discoloration of milk by degradation products of tryptophan and 
tyrosine. 

(b) Lipids 

Homogenization has a number of important consequences for the 
chemistry of milk fat. The major technological objective of homog
enization, prevention of gravity separation, is achieved not only by 
reducing the size of the fat globule from 3 to 10 11m to less than 211m, 
but also by stabilization against cluster formation due to denaturation 
of immunoglobulins and interaction of the globule surface with 
casein. The fat surface is increased four to sixfold and the globule 
stabilized by adsorption of milk proteins including casein micelles 
and subunits. Casein-associated lipases are inactivated by heating, but 
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BOX 2.6 No noxious thing 

In recent years there has been considerable concern over the 
mutagenic potential of compounds produced in heated foods. 
In-bottle sterilized milk has been identified as a possible high risk 
food with respect to mutagen production, but investigations 
suggest that fears are unfounded under commercially used pro
cessing conditions. Potential mutagens may, however, be formed 
in milk during domestic cooking (Berg, H.E. et al. 1990.]ournalof 
Food Science, 55, 1000-3). 

the fat remains susceptible to microbiallipases and to light-mediated 
lipolysis. 

During heating lactones and methyl ketones are formed from fat and 
have a deleterious effect on flavour. Quantities present in pasteurized 
milk are small in comparison with those in more rigorously heated milk 
and in the case of methyl ketone, quantities present are little higher than 
in unheated milk (12 nmoVg of fat versus 10 nmoVg of fat). Higher 
levels are present in UHT milk (ca. 21 nmoVg), but formation of 
lactones and methyl ketones is of major significance only in in-bottle 
sterilized milk, where levels typically exceed 100 nmoVg of fat. 

Deteriorative changes in fats during storage result primarily from 
light-mediated lipid oxidation or heat-resistant microbial lipases. Cop
per, or iron, induced oxidation of unsaturated fatty acids is of less 
importance where modern stainless steel equipment is used but contrib
utes to overall off-flavour development. 

(c) Enzymes 

Pasteurization inactivates a number of milk-derived enzymes and 
enzyme inactivation tests such as the phosphatase test have been used 
for many years as an index of adequate pasteurization (see page 88) . 

• Homogenization reduces the concentration of the fat globule membrane in relation to 
the surface area of the fat globule and thi may have important con equences with 
respect to fat au toxidation. The situation i not straightforward and it is probable that 
both anti-oxidant and pro·oxidant factors coexist in the fat globule membrane. Further 
some components may be able to act as either anti- or pro·oxidant depending on 
environmental condition (Chen, Z.Y. and awar, W.W . 1991 .Journal of Food cience, 
56, 398-41 ; Berg, H.E. et al. 1990.Journal of Food cience, 55, 1000-3). 
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As noted above, milk-derived lipases are also inactivated although if the 
fat globule membrane has been badly damaged there may be some 
residual activity. In contrast, the major milk proteinase, plasmin, is 
largely resistant to pasteurization retaining 70-80% of activity after 
HTST treatment. Plasminogens appear to be less affected than active 
plasmin and the rate of activation of plasminogens may increase after 
pasteurization due to inactivation of compounds which usually act as 
inhibitors. Pasteurization therefore has no apparent effect on the overall 
level of proteolytic activity, even if some inactivation of plasmin occurs. 
Some 3~0% of plasmin activity remains after UHT sterilization but, 
according to the heat treatment applied, the enzyme may be totally 
inactivated by in-bottle sterilization. 

Proteases and lipases produced by psychrotrophic bacteria (see pages 
92-5) are markedly heat resistant and readily withstand pasteurization 
and UHT sterilization. The relatively short refrigerated storage lives 
mean that heat-stable enzymes are of limited importance in the spoilage 
of pasteurized milk, but are associated with age thickening, or gelation, 
which is a serious problem with UHT milk. The cause is limited 
hydrolysis of casein by proteolytic enzymes, followed by physical 
aggregation of the modified casein micelles to form a gel structure 
which entraps whey proteins and fat globules. There is also evidence for 
the involvement of plasmin. The UHT process itself plays a role in 
predisposing milk to gelation by producing a high proportion of 
small-sized micelles. 

Thickening, or incipient thickening, may be accompanied by the 
development of off-flavours, the 'astringent' defect being attributed to 
y-casein like polypeptides resulting from breakdown of casein. Bitter 
favours also develop as a result of the activity of heat-stable microbial 
proteases. Heat-stable lipases are not involved in structural changes but 
activity leads to an increase in fatty acid content of the milk and acidic 
off-flavours. 

(d) Non-enzymatic brouming 

Non-enzymatic browning via the Maillard reaction is initiated during 
both pasteurization and UHT sterilization. The use of low temperature 
storage for relatively short periods means that the reaction remains 
incipient in pasteurized milk. In UHT milk the reaction continues during 
storage, although there is no significant increase in the end-product 
5-hydroxymethyl-2-furaldehyde (hydroxymethylfurfural: HMF) at mod
erate ambient temperatures. This has been attributed to loss of HMF 
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through oxidation, or other transformations. At temperatures of ca. 
35°C, however, UHT milk takes on the characteristics of in-bottle 
sterilized milk. In general browning reactions are more significant in 
indirect heated milk. 

Non-enzymatic browning occurs to a considerable extent during 
in-bottle sterilization and yields, among other end-products melanoi
dins, which are responsible for the brown coloration and HMF, which is 
responsible for acrid flavours. Partial Maillard degradation of lactose also 
leads to formation of organic acids, principally formic acid, which 
lowers the pH of the milk and can cause protein destabilization. 

(e) Sedimentation 

Sedimentation is a relatively common fault which shortens the life of 
UHT sterilized milk through deposition of a layer of proteinaceous 
material. The problem involves the transport of intact micelles from the 
bulk of the solution to the bottom of the container. The phenomenon 
has been poorly understood and various theories developed, many of 
which concern aggregation of casein micelles as a result of heat-induced 
changes. More recently sedimentation has been shown to be a physical 
phenomenon, unavoidable when the milk is left undisturbed. Native 
micelles sediment to some extent, but the sedimentation rate is faster 
after UHT processing due to the higher weight of heated micelles. Some 
aggregation may occur, but is not necessary for sedimentation. 

2.3.3 Chemical analysis of milk 

Chemical analysis of milk is required to ensure that minimum composi
tional standards are met and that the milk is free from adulterants and 
other contaminants. Analysis is usually carried out on milk both before 
and after processing. Commonly applied tests, and their function, are 
listed in Table 2.9. 

Table 2.9 Function of chemical analyses applied to milk 

Protein 
Fat 
Lactose 
Cell count 
Sediment 
Anti-microbials 

Compositional quality: some payment schemes 
CompOSitional quality: some payment schemes 
Compositional quality: some payment schemes 
Udder health: payment schemes in United States 
Production hygiene 
Good veterinary practice: suitability for sale/processing 
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Chemical criteria are often used as part of bonus payment schemes to 
encourage good standards of milk production (See Chapter 1, page 5). 
Historically fat content has been the main criterion, but protein and, in 
some countries, lactose content are now increasingly considered to be 
of importance and, in addition to fat content, form the basis of bonus 
payment schemes. Somatic cell counts, previously used to monitor 
udder health and the suitability of milk for processing, now also form the 
basis for bonus payment schemes in the US, while determination of 
sediment is of lessened importance following widespread improvements 
in farm hygiene. 

Analytical methods for the commonly used tests are very well estab
lished. In recent years there has been a growing trend towards 
instrumental methods (Table 2.10), although in some cases the tradi
tional method remains definitive. Infrared measurements, for example, 
are acceptable as a screening method for excess water in milk, but legal 
action for adulteration must be based on traditional methods of measur
ing freezing point depression. 

In recent years increasingly sophisticated analytical techniques have 
been required to enable testing for antibiotic and drug residues and, in 
the case of milk from animals such as goat, for detecting adulteration 
with milk from other species such as cow. 

Beta-Iactam antibiotics have previously been of greatest concern in milk 
and a sensitive disc assay using Bacillus stearotbennopbilus was 

Table 2.10 Traditional and instrumental analysis of milk 

Parameter 

Protein 
Fat 
Lactose 
Adulterants 

water 

other species 
Somatic cell count 

Traditional methodology 

Kjeldahl 
GerberlRose-Gottlieb 
Polarimeter 

Freezing point depression 
using cryoscopy 
None available 
Microscopy 

Instrumental methodology 

near-infrared spectroscopy 
Milko-tester 
near-infrared spectroscopy 

infra-red analysisl 

Enzyme-linked immunoassay 
Coulter counter™ 
Fossmatic™2 

1 Infrared analysis is suitable only as a screen and freezing point depression must 
be used for definitive analysis. 
2 Both Coulter counter™ and Fossmatic™ can show unacceptable variation 
when used in bonus payment schemes and greater standardization is required. 



Chemistry 87 

developed for the detection of residues. This test, however, is relatively 
insensitive to other antibiotics and the 3 h test time required means that 
individual tanker testing, the most effective means of control, is not 
possible. In response to this requirement a number of rapid tests 
providing results in ca. 10 min have been developed. Among the best 
known are the Charm nTM test, the Cite™ test and the Penzyme™ test. 
The Charm nTM test is a competitive radioimmunoassay using binding 
sites on microbial cells or, in the case of tetracyclines and chloram
phenicol, antibodies as binding sites. The test detects a wide range of 
antibiotics as well as sulpha drugs and shows good correlation with 
standard disc assays. It does, however, require the use of radiolabelled 
material. 

Screening tests cannot identify individual residues and high perfor
mance liquid chromatography has been used for confirmatory purposes. 
The Charm nTM test system may be used as detector. 

The increasing popularity of milk: of other species, especially goat, 
which is sold at a premium price, has led to some instances of 
adulteration with cheaper cows' milk:. This problem is generally greater 
with cheese, but has also occurred with milk:. Serological assays have 
been developed, usually based on antisera to whey proteins, which 
permit detection of adulterating milk: at a low level. The enzyme-linked 
immunosorbent assay (ELISA) has been widely used. 

The quality of the raw milk: is generally considered to be more critical 
for UHT processing and pH value is an effective predictor of instability 
in the end-product. Determination of pH value is most usefully made on 
the milk: after bulk storage. It is also common practice to determine the 
numbers of psychrotrophic bacteria at this stage, but viable counts may 
not reflect levels of heat-stable enzyme activity. Direct assays for 
proteolytic enzymes are more valuable analyses and a number of 
methods, usually based on ELISA, have been described. 

Chemical assays also play an important role in verifying the efficiency of 
pasteurization and in-bottie sterilization. Laboratory testing for verifica-

• The use of EUSA can cause difficulties in smaller quality control laboratories which lack 
experience of serological techniques. In chi situation an alternative approach to assay of 
proteolytic enzymes may, when fully developed, be more appropriate. This assay is based 
on the degradation of luciferase by the proteolytic enzymes, residual luclferase then 
being determined by the A TP·driven bioluminescent luciferin-luclferase reaction (Rowe, 
M. et at. 1991. Dairy Industries International 56(12), 35-7). 
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tion of correct pasteurization is classically based on inactivation of the 
enzyme alkaline phosphatase. Use of this test is a statutory requirement 
in many countries and standard methods, usually based on colourimet
ric determination of residual phosphatase, are well established. Prob
lems of false-positive reactions occur due to reactivation of phosphatase 
after heating and the presence of heat-resistant phosphatases produced 
by psychrotrophic bacteria during growth in raw milk. False-negative 
reactions, of major significance with respect to safety, have been 
ascribed to operator error, but it must be appreciated that colourimetric 
assay methods are relatively insensitive and will not detect the small 
quantities of raw milk which may be present as a result of 'surging', or 
delayed response of the flow diversion device. More sensitive fluorimet
ric assays such as the Fluorophos ™ are now available and offer a greater 
degree of protection. The turbidity test is used as verification that 
in-bottle sterilized milk has received the legal minimum heat processing. 

2.4 MICROBIOLOGY 

2.4.1 Liquid milk products and foodborne disease 

(a) Pasteurized milk 

Pasteurized milk has been responsible for a number of outbreaks of 
foodborne disease in recent years including an outbreak of salmonellosis 
in Chicago, USA which involved 16 284 known cases during 1985. 

Campylobacter has also been implicated as the cause of foodborne 
disease associated with pasteurized milk. Underprocessing appears to 

• Alk2line pho phatase is not suitable as an index of heat treatment at the higher 
pasteurization temperatures now increasingly used and it is necessary to consider other 
enzyme . Lactoperoxidase has been considered as an index for milk heat treated at 78"C 
for 15 s for international commerce while y-g1utamyl transpeptidase has been proposed 
for in·plant use as an index of pasteurization at the same temperature (Pate!, .5. and 
Wilbey, R.A. I 989.journal 0/ the Society 0/ Dairy Technology, 42, 79-80). 

• This is the largest outbreak of salmonellosis ever recorded and the actual number of 
cases may have been as high as 250 000. Both this and a smaller outbreak in Cambridge, 
UK resulted from contamination of pasteurized milk by raw milk. The underlying causes 
were very similar, involving a raw/pasteurized interface consisting of a loop pipe 
'safeguarded' by valves. This inherently unsafe design, which in the Cambridge plant also 
involved a common cleaning·in·place cirCuit, was compounded by poor plant mainte
nance, poor operator training, incorrect plant operation and poor supervision. An 
alarming aspect of the report of the Outbreak Control Team at Cambridge was that the 
Situation which had led to contamination was likely to be similar in plants throughout the 
country (Romney, T. 1988. Food Science and Technology TOlIay, 2, 2~71). 
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have been involved rather than post-process contamination, although 
the latter route is a serious potential hazard. Further, many underlying 
factors were similar to those of the Salmonella outbreaks; unsatisfactory 
plant design, inadequate operator training and poor supervision. 

The first of two published reports of Campylobacter infection associ
ated with pasteurized milk involved more than 2500 children attending 
school in two English towns. It is probable that raw milk by-passed the 
pasteurization plant, although evidence was lacking. In a smaller out
break involving a boarding school in the US, C jejuni survived batch 
pasteurization. The pasteurization plant was privately operated by the 
school and the severity of the process had been arbitrarily lessened to 
reduce 'burnt flavours' in the milk. 

Pasteurized milk was the vehicle in an outbreak of Listeria monocytoge
nes infection which affected 49 people in the US. This outbreak was of 
particular significance in that epidemiological evidence failed to fully 
resolve the cause of the outbreak and the suggestion was made that L. 
monocytogenes had survived correctly applied HTST pasteurization. 
This has led to an extensive investigation of the heat resistance of the 
organism in the context of commercial HTST pasteurization. 

Listeria monocytogenes is present within phagocytes in milk drawn 
from infected udders and it has been postulated that the apparently high 
degree of heat resistance is due to protection by the phagocytes. The 
concept that phagocytes provided a thermal shield was dismissed on the 
basis of the thermodynamics of pasteurizer operation and attention 
became focused on the possibility of L. monocytogenes acquiring 
enhanced thermal tolerance through the mediation of induced stress 
proteins. A possible role for heat-stable phagocytic superoxide dismu
tase has also been discussed. 

It has been thought that L. monocytogenes may enter a heat resistant 
state as a result of exposure to the rise in body temperature (up to 
42.8°C) of cows in response to infection. Heat induced thermotolerance 

• Birds (jackdaws and magpies) have been implicated as vectors of Campylobacter in an 
outbreak which affected up to 59 people in Gateshead, UK, during 1990. The birds 
contaminated bottled pasteurized milk when pecking through the foU caps, Campylo, 
bacter being isolated both from beaks and milk in pecked bottles. Persons at ri k lived in 
new housing close to open country with large bird flocks, but re identS were sceptical of 
risk and responded poorly to a health education scheme. Earlier outbreaks of campylo
bacterio is in which birds were implicated as vehicles of infection bad been reported in 
South Wale (Hudson, S.j. e/ al. 1991. Epidemiology and Infection, 107, 363-72). 
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has been demonstrated but the significance is disputed. Workers who 
used strictly anaerobic (Hungate technique) incubation to enhance 
recovery of the damaged cells, consider that survival of L. monocytoge
nes during HTST pasteurization presents a finite risk, but other experts 
have stated categorically that no risk of survival exists. A significant 
development was the application of risk analysis to survival of Listeria 
during pasteurization. All relevant factors were included in the analysis 
and it was concluded that there is no justification for raising the 
pasteurization temperature, or increasing the holding period. The 
current situation appears to be that the majority of informed opinion 
considers that standard HTST pasteurization is adequate to inactivate L. 
monocytogenes at levels conceivably present in milk. The safety margin 
may, however, be lower than during LTLT pasteurization. Doubts do, 
however, persist amongst professional microbiologists, especially in 
view of the possible inadequacy of recovery methods for sub-lethally 
stressed cells. 

Yersinia enterocolitica has been implicated in three large outbreaks of 
illness associated with pasteurized milk in the US including the first 
reported outbreak of foodborne yersiniosis in Oneida County, New 
York. Chocolate-flavoured milk was involved, the organism being intro
duced with chocolate syrup which was added after pasteurization. 

The largest known outbreak of yersiniosis resulted from consumption of 
pasteurized milk and involved several thousand people in Memphis and 
other areas of the US. The cause was unusual in that the organism 
entered the milk at point of consumption due to contamination on the 
outer surface of cartons. The contamination was derived from improp
erly cleaned crates which had been used to deliver waste milk to a pig 
farm where there had been direct contact with pig manure. This 
outbreak illustrates the need for extreme caution where milk processing 
operations have close contacts with farms. 

Two milkborne outbreaks of yersiniosis occurred among hospitalized 
children in the UK Pasteurized milk was involved in each outbreak, one 

• Diagnosis of yersiniosis can be complicated by the variability of symptom . In some 
cases espeCially those involving teenaged children, the symptoms may be confused with 
those of acute appendicitis and during the Oneida County outbreak unnecessary 
appendectomies were carried out on 00 less than 18 of 38 known victims. Diagnosis was 
also complicated in the Memphis outbreak by the e.xuainteslinal nature of symptoms 
amongst adults, the predominant symptom being pharyngitis with positive throat 
cultures. 
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of which continued over a period of several months. In the latter case Y. 
!redericksenii was isolated from some patients as well as Y. entero
colitica. 

Staphylococcus aureus has only rarely been involved in food poisoning 
associated with consumption of pasteurized milk, although enterotoxi
genic strains may readily be isolated from raw milk. An outbreak 
involving chocolate-flavoured milk in California, however, involved at 
least 500 school children and was attributed to growth of the organism 
in raw milk and survival of the enterotoxin (A) during pasteurization. 

Although Bacillus cereus and other potentially pathogenic species may 
be readily isolated from pasteurized milk, and can be involved in 
spoilage (see below) there have been no fully authenticated reports of 
food poisoning. 

(b) UHr and in-bottle sterilized milk 

The safety record of these milks is extremely good and there have been 
no published reports of foodborne disease associated with their con
sumption. 

2.4.2 Spoilage of liquid milk products 

(a) Pasteurized milk 

The spoilage microflora of pasteurized milk is of two types; post-process 
contaminants which have entered the milk after heating and heat 
resistant bacteria which have survived heating. Under current circum
stances post-process contaminants are of greatest spoilage Significance. 
A number of surveys in the UK, the US and elsewhere have shown that 
the level of such contamination is often unacceptably high. 

Post-process contamination is dominated by Gram-negative rod-shaped 
bacteria. These often have a degree of resistance to commonly used 
sanitizers and are able to colonize milk contact surfaces including 
stainless steel and Buna ™ rubber gaskets. Examinations made directly 

• Some trains of Citrobacter, Enterobacter a'ld Serratia have been implicated as causes 
of diarrhoeal di ease, although in no case has there been an association with pasteurized 
milk. Environmental trains may also be distinct from clinical isolates. In this connection 
it hould be appreciated that environmental specie of Yersl'nia, some of which were 
previously identified With Y. enterocolitica. but which are generally considered non
pathogenic are also fairly common in pasteurized milk. 
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after processing commonly indicate that members of the Enterobacteri
aceae including Serratia, Enterobacter, Citrobacter and Hajnia are 
numerically dominant. Such bacteria are of environmental origin, prob
ably derived originally from water and, unlike E coli, have no role as an 
index organism. Despite the numerical dominance of the Enterobacteri
aceae in newly pasteurized milk, the ultimate spoilage microflora 
usually consists of psychrotrophic Gram-negative rods, primarily 
Pseudomonas, Alcaligenes and, to a lesser extent, Flavobacterium. 
Species of Acinetobacter and Psycbrobacter ('Moraxella-like bacteria') 
are occasionally present in large numbers and bacteria such as 'Altero
monas putrejaciens' ('Pseudomonas putrejaciens'), which cannot 
readily be assigned to existing genera, may also be isolated. During 
storage at temperatures below ca. 8°C, the competitive advantage of 
psychrotrophic genera over the Enterobacteriaceae permits relatively 
rapid development from an initially small sub-population. The Entero
bacteriaceae, however, may remain dominant at storage temperatures 
above 8°C and, occasionally, in other circumstances. 

Spoilage by psychrotrophic Gram-negative rod-shaped bacteria is usu
ally proteolytic and lipolytic in nature and involves various off-tastes, 
clot formation and, in some cases, virtually complete digestion of the 
protein. Phospholipases and glycosidases may also be involved in 
spoilage and where fluorescent pseudomonads are present in large 
numbers, visible quantities of pigment may be present when spoilage is 
advanced. Acinetobacter and Psychrobacter are of limited spoilage 
potential, although there may be some lipolysis. Occasional strains also 
produce a capsular polysaccharide and growth results in the classic 
'ropy' milk. Growth of Acinetobacter and Psycbrobacter at low tempera
tures tends to be slower than that of other psychrotrophs and these 
genera are often overgrown by Pseudomonas. Pseudomonas /ragi has 
been associated with a specific defect, 'fruity-flavour' due to production 
of ethyl butyrate and ethyl hexanoate from butyric and caproic acid. The 
defect is of particular prevalence in milk from cows fed large quantities 
of silage. 

Spoilage due to members of the Enterobacteriaceae varies according to 
the biochemical properties of the various genera. Lactose-fermenting 
genera, for example, produce acid clotting, pOSSibly with gas formation, 
while spoilage by other genera primarily involves proteolysis. Off-taints 
are produced which may be 'faecal' in nature. 

Other micro-organisms are occasionally present as post-process con
taminants. Acidification due to species of Lactobacillus and Lactococcus 
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is rare, but can occur if milk is held at ambient temperatures. Lactic acid 
formation is accompanied by a sour odour due to trace amounts of 
acetic acid, propionic acid and other volatiles. In some cases the sour 
aroma is detected before acidification. Some strains of L lactis sub-sp. 
lactis are capable of producing 3-methylbutanal from leucine and 
imparting a malty flavour to milk. In the US, at least, 3-methylbutanal
producing strains show a geographical distribution, being of Signifi
cantly greater prevalence in north-eastern states than in Pacific coastal 
states. A strain of Lactobacillus has also been implicated in production 
of malty flavours. 

Heat resistant bacteria present in pasteurized milk are of two types, 
endospore-forming genera and genera of high vegetative heat resistance. 
Endospore-forming genera are of greatest importance and endospores 
are readily isolated in small numbers from pasteurized milk, the 
numbers and types reflecting those in the raw milk. Species of Bacillus 
are of greatest importance, although clostridial endospores are also 
commonly present. 

Although Bacillus species are the most important members of the heat 
resistant microflora of pasteurized milk, their role in spoilage is limited 
and even though psychrotrophic species are able to grow at tempera
tures below 5°C, they are almost invariably overgrown by Gram
negative, post-process contaminants. There are, however, exceptions 
and temperature abuse can permit rapid development of species such as 
B. cereus, which can grow rapidly at temperatures above ca. Soc. 
Bacillus cereus is classically associated with 'bitty' spoilage of the cream 
layer due to production of extracellular phospholipase (lecithinase), 
although in practice soft clotting may be a more common form of 
spoilage. Milk churns (cans) were a notorious source of B. cereus and 
the incidence of spoilage due to the organism is usually lower where 
bulk collection is used. Bulk tanks may themselves, however, become a 
source of psychrotrophic Bacillus species. In common with other 
Bacillus species, the incidence of B. cereus shows seasonal variation and 
spoilage is more common in the summer months. 

Psychrotrophic species of Bacillus become the dominant spoilage 
organisms at storage temperatures below 5°C when competitive Gram
negative microflora are present only in low numbers, pOSSibly as a result 
of the imposition of severe precautions against post-process contamina
tion in attempts to extend storage life. Bacillus circulans is able to grow 
at 2°C and B. cereus and similar species at 4-5°C and there is also some 
evidence that mesophilic species can adapt to psychrotrophy. Spoilage 
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patterns vary according to the species present, but the problem is such 
that only limited life extension is possible. The heat resistance of 
endospores of psychrotrophic species is relatively low and attempts 
have been made to extend the HTST process to inactivation of these 
endospores either by increasing the severity of the process, or by 
introducing a double heat treatment (tyndallization). These attempts 
have met only limited success and indeed may enhance the subsequent 
growth rate of spoilage micro-organisms due to inactivation of naturally 
occurring inhibitors (see pages 33-4) and activation of endospores. 
Other methods of reducing the number of endospores including 
removal by centrifugation (bactofugation) and separation-sterilization 
treatment may be more succesful but involve reduced throughput and 
greater capital expense. 

Although endospores of Clostridium species are present in pasteurized 
milk, the redox potential is almost invariably too high to permit 
germination and growth. 

A number of vegetative bacteria are able to survive HTST pasteurization. 
Most of the genera involved are Gram-positive and have only a minimal 
role in spoilage, especially during refrigerated storage. Common isolates 
include species of Microbacterium, Micrococcus, Enterococcus, Strep
tococcus, Lactobacillus and 'coryneform' bacteria. Survival rates vary 
from 100% in the case of Microbacterium lacticum to less than 1 % in 
the case of some strains of Enterococcus, Streptococcus, Lactobacillus 
and 'coryneform' bacteria. A single Gram-negative bacterium, 'Alcali
genes tolerans', is able to survive, although at a level of only 1 to 10% 
and the spoilage significance is not known. 

(b) UHT sterilized milk 

A target level of 0.02% failure (leading to spoilage) is generally accepted 
by UHT processors, investigations and remedial action being initiated in 
response to a trend towards 0.05-0.07% failure, or single instances of 
failure in the order of 0.1 %. 

The majority of post-process contamination is related to packaging 
problems. These usually involve the aseptic filling process, or faulty 
seams or pin-holes in the packaging itself. The nature of contamination is 
random and many types of micro-organism may be involved. Spoilage is 
often rapid and may occur before the pack is acquired by the consumer. 

Spoilage of UHT milk is usually the result of post -process contamination. 
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Instances of contamination due to failure of equipment sterilization 
downstream of thermal processing have occurred, but such instances 
are now increasingly rare. Contamination of equipment leads to spoilage 
of an entire batch, or batches, and indicates major shortcomings in 
operation and control. 

Spoilage due to the s~rvival of heat-resistant endospores is less common. 
The thermophilic B. stearothermophilus has the greatest survival 
potential, but is unable to grow below ca. 30°C and is only a major 
problem in hot climates. In temperate climates B. coagulans, B. subtilis 
and B. licheniformis are the most important spoilage species, although 
more heat resistant strains of B. cereus have also been implicated. 

Heat-resistant enzymes produced by psychrotrophic bacteria growing in 
the milk before heat treatment are a further important cause of both 
proteolytic and lipolytic spoilage. Both proteolytic and lipolytic 
enzymes are produced, spoilage by proteolytic enzymes involves gela
tion and bitter flavours, while lipolytic enzyme spoilage results in rancid 
flavours (see page 84). Heat-stable enzymes are produced by a wide 
range of psychrotrophic bacteria including Pseudomonas, Alcaligenes 
and Flavobacterium. Although growth temperature is important in 
determining the quantity of enzyme produced, the excreted enzyme has 
a similar heat stability irrespective of growth temperature. There has 
been disagreement concerning the kinetics of inactivation, but it is 
generally agreed that residual activity after UHT sterilization can be as 
high as 40% of that in the raw milk. In some instances it is not possible 
to directly relate numbers of psychrotrophs in the raw milk to thermo
stable enzyme activity in the end-product, but it appears that UHT milk 
prepared from raw milk containing more than 5 x 106 cfulml psy
chrotrophs is subject to rapid spoilage. 

(c) In-bottle sterilized milk 

Leakage through caps and consequent post-process contamination can 
lead to spoilage of in-bottle sterilized milk, but this is rare and most 
problems result from the survival of heat-resistant endospores. 
Endospores of B. stearothermophilus are present in varying numbers, 
but germination and outgrowth do not occur under usual conditions of 
storage. Some older processes were, however, marginal with respect to 
commercial sterility and while modem processes have a higher safety 
margin, spoilage does occasionally occur as the result of the survival of 
endospores of mesophilic species of Bacillus. The pattern of spoilage is 
determined by the properties of the causative organism and typically 
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involves gas production and various types of curdling. 

2.4.3 Microbiological analysis 

(aJ Incoming raw milk 

It is common practice to monitor the microbiological quality of 
incoming raw milk and in some countries, including the UK, quality 
bonus payments are partly based on this criterion (see Chapter 1, page 
6). 

For many years the quality of incoming raw milk was assessed on the 
basis of a mesophilic plate count (standard plate count) together with, 
in some countries, a dye reduction test. The standard plate count is still 
widely used for legislative purposes but it is now recognized that the 
widespread use of on-farm refrigeration has significantly reduced the 
value of these earlier tests and that the psycmotrophic plate count is the 
most reliable indicator of conditions on the producing farm. Like all 
viable counts, however, the psychrotrophic plate count is imprecise, 
labour intensive and requires 10 days' incubation at rc to obtain a 
result. The direct psycmotrophic count has, therefore, largely been 
replaced by counts involving preincubation at ca. 6°C for 5 days before a 
colony count incubated at 21-25°C. Although an improvement, such 
techniques remain unsatisfactory and there has consequently been 
considerable interest in developing alternative, more rapid, methods. 
These are usually based on preincubation at an elevated temperature, in 
the presence of an inhibitor of the Gram-positive (non-psycmotrophic) 
microflora, followed by enumeration of the dominant, Gram-negative 
(psychrotrophic) microflora. Enumeration may be made by conven
tional colony count techniques, or by rapid or automated methods. The 
direct epifluorescent technique (DEFT) and measurement of microbial 
adenosine triphosphate are probably the most widely used rapid 
methods, although the Limulus lysate test is also used. Electrical 
measurement based on impediometry/conductimetry is most advanced 
with respect to automation and data handling, but cannot be considered 
a truly rapid technique. In many countries milk testing is on a 
centralized basis and the very large scale of operations has led to a 

• The ideal test for microbiological quality has been defined as being rapid and 
economical and reflecting the tOlal number of organi ms in the milk sample, lhe number 
of psychrotrophic organi m , conditions of production on the farm and the time and 
temperature of storage. Meeting these objective has been a preoccupation of dairy 
microbiologists ince the earHe t day of the science ( Bigalke, D. 1984. Dairy and Food 
anilalion, 4, 189-90). 
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demand for automation even where cultural techniques are used. A 
wide range of approaches to automation have been adopted including 
the use of laboratory robots, rapid plating devices such as the Spiral 
plate maker™ and AutoloopTM and laser colony counters. 

A comparison of the standard European Economic Community test 
(preincubation for 5 days at 6°C, enumeration at 21°C for 25 h) with an 
accelerated test (preincubation for 24 h at 21°C in the presence of 
sodium deoxycholate, enumeration at 30°C for 24 h) showed both 
methods to correctly classify the majority of samples. Despite this, it was 
considered that the need for a simple, truly rapid means of determining 
psycrnotrophic bacteria still exists. 

It has been argued that the number of heat-resistant endospores should 
be determined in raw milk destined for sterilization. Numbers of 
endospores are conventionally determined after heating at 80°C for 
10 min, but a more severe treatment of 100°C for 10 min is considered 
to be more relevant to milk for sterilization. An upper limit of 10 
sporeS/ml has been suggested, but a more stringent standard may be 
required where the milk is to be packed into a large volume container. 

(b) Pasteurized milk 

Microbiological tests applied to pasteurized milk may be placed in three 
broad and overlapping categories. 

1. Tests on freshly pasteurized milk to ensure that general milk 
quality and post-process hygiene are satisfactory. 

2. Tests to ensure that keeping quality is likely to be satisfactory. 
3. Tests to ensure that handling during retail distribution is satisfac

tory. 

Various approaches may be taken and two, the legislative requirements 
in England and Wales (EEC regulations) and the voluntary milk quality 
scheme introduced in Scotland are compared in Table 2.11. The Scottish 
scheme is more extensive with respect to freshly pasteurized milk and 
also takes a different approach to keeping quality and handling during 
retail distribution. 

In England and Wales determination of keeping quality is a retrospective 
test based on the number of psychrotrophic bacteria present after low 
temperature storage. In contrast the Scottish scheme is predictive and 
based on enumeration of the Gram-negative bacteria present in milk 
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Table 2.11 Examples of criteria for defining acceptable quality of pasteurized 
milk 

England and Wales 

Freshly pasteurized 
total plate count (30°C for 72 h) 
coliforms 

After storage for 25 h at 2 rc 
total plate count (21°C for 25 h) 

During retail distribution 
methylene blue test 

< 3 X 104 cfulml 
<lIml 

< 1 X 105 cfulml 

decolorization 
>30 min 

Scotland (Scottish pasteurized milk quality testing scheme) 

Freshly pasteurized milk 
freezing point depression 
total plate count (30°C for 72 h) 
coliforms 
thermoduric coune 

Keeping quality 
Griffiths' technique 

During retail distribution 
coliforms 

1 After heating milk at 63°C for 30 min. 

>0.530°C 
<2 X 104 cfulml 

<1 cfulml 
<1 X 104 cfulml 

>4 days 

<100 cfulml 

after preincubation at 21 DC for 25 h. Enumeration is on a selective 
medium containing crystal violet, penicillin and nisin to prevent growth 
of Gram-positive bacteria. Alternatively the inhibitors may be added to 
the milk itself prior to preincubation followed by enumeration on 
non-selective medium, or by a rapid method such as determination of 
microbial ATP. Preincubation at 15°C for 25 h has been proposed as a 
means of improving the predictive value of the test. Preincubation 
techniques have been used in other countries including the US where 
impedance detection proved most effective. 

Testing to ensure satisfactory handling during retail distribution has 
been introduced relatively recently and reflects the increasing level of 
sales through supermarkets. The use, in England and Wales, of the 
methylene blue dye reduction test is of dubious value and the coliform 
test used in Scotland is considered more appropriate. 

(c) UHT sterilized milk 

In contrast to both pasteurized and in-bottle sterilized milk there is no 
index test for UHT treatment. End-product testing is therefore required 
to verify correct heat treatment as well as ensuring the absence of 
post -process contamination. 
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Table 2.12 Destructive methods of determining sterility of UHT milk 

Visual-organoleptic evaluation 
Microbiological methods 

Conventional colony counts 
Automated colony counts 
Direct epifluorescent technique 
A TP measurement 
Impediometry 
Turbidometry 

Gas chromatographic determination of microbial metabolites 
pH value 
Titratable acidity 
Stability to ethanol 
Resazurin reduction 
Nitrate reduction 
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Unless circumstances are truly catastrophic the number of micro
organisms present in non-sterile packs of UHT milk is very small. 
End-product testing involves incubation of some, or all, of the output at 
a temperature permitting rapid growth of any micro-organisms present. 
All of the output is tested on initiation of production at a new plant, but 
if operation proceeds without significant problems the sampling rate is 
progressively reduced to 0.01 %. A temperature of 30°C is most com
monly used for a minimum of 5 days, although incubation at 25 or 37"C 
has also been used and packs for export to tropical countries are 
incubated at 55°C to detect thermophilic endospore-forming bacteria. 
Visual examination for swelling due to gas production is the simplest 
means of detecting non-sterile packs but is unreliable since microbial 
growth frequently takes place without gas production. Until recently 
destructive testing has been the only means of assessing growth. Various 
methods have been employed (Table 2.12) but in a comparative study a 
resazurin dye reduction test, carried out after 3 days' incubation at 30°C, 
was found to be most reliable. 

Considerable efforts have been made towards developing instrumental 
methods for non-destructive testing. The fIrst instrument developed, the 
Electester™, detects changes in viscoelastic properties resulting from 
microbial growth. Its application is limited to cardboard carton packed 
milks. More recently the use of ultrasound has been proposed and 
methodology developed which permits a high level of testing and which 
is suitable for use with plastic and foil laminate packs as well as 
cardboard. 
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(d) In-bottle sterilized milk 

Incubation testing is used to supplement the turbidity test. Detection of 
contamination usually involves visual examination and viable counts. 
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EXERCISE 2.1. 

Consider the post -process contamination of pasteurized milk. 
What are the main types of micro-organism likely to be introduced 
from each source of contamination and what are the conse
quences for product safety and shelf stability? 

Are regular medical examinations, including stool testing, effec
tive in reducing the risk of milkbome disease? 

Useful discussion on the role of the carrier in foodborne disease 
may be found in Epidemiology and Infection (1987),98, 223-32; 
The Lancet (1987), II, 865 and the British Medical Journal 
( 1990), 300, 207-8. 

EXERCISE 2.2. 

Design in outline schemes to investigate and correct the following 
situations in a plant producing UHT milk. 

1. Sporadic problems of spoilage due to endospore forming, 
Gram-positive, rod-shaped bacteria. Spoilage is reported only 
during summer months. 

2. Continuing problems of spoilage due to non-endospore
forming, Gram-negative, rod-shaped bacteria. Affected packs are 
those produced on a Monday after plant shutdown on Sunday. 

EXERCISE 2.3. 

Your company produces UHT processed, flavoured milk drinks 
containing semi-skimmed milk, sucrose, flavouring and colour. It 
is planned to expand this range into the following markets: 

1. A lactose-reduced dairy drink. 
2. A low-fat and low-calorie sweetened drink. 
3. A 'luxury' product of increased viscosity and 'creamy' tex-

ture, but of low fat content. 

Develop, qualitatively, recipes for each of the products specified. 
Are any modifications likely to be necessary to the UHT process? 

Note: The lactose-reduced dairy drink may be based on functional 
ingredients other than milk providing these are of dairy origin. 
Additional information is available elsewhere in this book, espe
cially in Chapter 4 (Milk proteins) and Chapter 9 (Ice cream). 
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EXERCISE 2.4. 

Recent research using a new gas chromatographic method has 
shown that 3-deoxypentulose, formed as an intermediate in lac
tose degradation, is present in in-bottle sterilized milk and may 
also be formed in UHT sterilized milk during storage at high 
(above 30°C) temperatures. 

1. Consider the likely pathway of 3-deoxypentulose formation 
and relate this to the formation of tagatose, galactose and 
other minor sugars. 

2. What are the nutritional and technological consequences of 
lactose degradation during the heating of milk? 

Further information may be obtained from Troyano, E. et al 1992. 
Journal of Dairy Research, 59, 507-15; Andrews, G.R. 1986. 
Journal of Dairy Research, 53, 665-80 and O1ono, A. et al. 1989. 
Food Chemistry, 31, 259-65. 

EXERCISE 2.5-

Staphylococcus aureus may readily be isolated from raw milk but, 
while there have been other reports of Staph. aureus growing and 
elaborating toxin in raw milk, the risk to consumers of pasteurized 
milk appears low. Predict the likely behaviour of Staph. aureus 
(with respect to both growth and enterotoxin) in raw milk stored 
under the following conditions: 

1. In churns at ca. 15°C for a total of 15 h before processing. 
2. In a bulk tank at ca. 8°C for a total of 48 h before transfer to 

creamery silos at 5°C for a further 16 h. 

It has been stated (in relation to foods as a whole) that the presence 
of large numbers of Staph. aureus is of no consequence prOviding 
that enterotoxin is not also present. Discuss this statement with 
respect to food safety, the epidemiology of Staph. aureus and the 
adequacy of current methods for detection of enterotoxins. 

Further information may be obtained from Varnam, A.H. and Evans, 
M.G. 1991. Foodborne Pathogens: An Illustrated Text. Wolfe 
Publishing Ltd, London and Doyle, M.P. (ed.) 1989. Foodborne 
Bacterial Pathogens. Marcel Dekker, New York. 



3 

CONCENTRATED AND 

DRIED MILK 

PRODUCTS 

OBJECTIVES 

After reading this chapter you should understand 
• The differences between the various types of concentrated milk 

products 
• The various means by which milk may be concentrated 
• The design of commonly used equipment 
• The drying of milk 
• The design of spray dryers 
• The relationship between the processing of dried milk and its 

end-uses 
• The major control points 
• The nature of chemical changes associated with concentration, 

drying and subsequent storage 
• Microbiological hazards and patterns of spoilage 

3.1 INTRODUCTION 

Very large quantities of concentrated and dried milk products are 
manufactured. Although consumer products of this type, such as canned 
evaporated and sweetened condensed milk and instantized spray dried 
milk, are well established, much of the production is utilized in 
ingredient form. Major advantages lie in a considerable reduction in 
transport and storage costs as a result of the reduction in bulk, and 
convenience of use during formulation. In the case of sweetened 
condensed milk, there is also a Significant extension of the ambient 
temperature storage life, while functional properties, especially of dried 
milk, may be 'tailored' to specific end-use. 

A. H. Varnam et al. (eds.), Milk and Milk Products
© Alan H. Varnam and Jane P. Sutherland 1994
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BOX 3.1 Wigan Pier revisited 

The main concentrated milk consumer products, canned sweet
ened condensed milk and canned evaporated milk were initially 
used as a shelf-stable and, in the case of skim milk products, cheap 
substitutes for fresh milk in tea making, etc. Subsequently these 
products became used as a pour-over accompaniment for canned 
fruit and other desserts. The situation with respect to consumer 
acceptability is similar to that of in-bottle sterilized milk, in that the 
strong and distinctive flavour and colour of each product is reviled 
by many younger people, but considered desirable by older, 
long-term consumers. 

3.2 TECHNOLOGY 

3.2.1 Basic technology of concentration 

The manufacture of concentrated milk products has an obvious prere
quisite, the removal of water. Current technology permits three 
approaches: 

1. Evaporation: removal of H20 as a gas (vapour). 
2. Reverse osmosis/ultrafiltration: removal of H2 0 as a liquid (water). 
3. Freeze concentration: removal of H2 0 as a solid (ice ). 

(a) Evaporation 

Evaporation is both the oldest established method and the most widely 
used. The process is, however, relatively expensive in terms of energy 
and inevitably involves a level of heat damage to the product. Evapora
tion is a simple heat transfer process which, in less developed countries 
still involves boiling in open pans. Elsewhere thermal damage is 
minimized by boiling at temperatures of ca. 40 to ca. 70°C under 
reduced pressure. Under such conditions the temperature of the boiling 
milk is determined by pressure (always a vacuum) and, to a much lesser 
extent, the concentration of the milk (boiling point elevation) and the 
hydrostatic pressure of a column of liquid. The milk temperature during 
evaporation is thus effectively a pressure controlled value, the vapour 
and liquid are in equilibrium and the temperature at any time is a 
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function of the saturated vapour pressure. 

A modern evaporator installation can appear of fearsome complexity but 
the basic requirements are straightforward and the same for each plant 
(Figure 3.1)' 

1. A vacuum evaporator acting as a heat exchanger. 
2. A separator for the separation of vapour and concentrate. 
3. A condenser for the vapour. 
4. Equipment for the production of a vacuum and the removal of the 

condensate. 

The evaporator is the most important part of the system with respect 
both to the quality of the concentrate and the operating efficiency. 
Over the years many designs have been used including the simple 
batch-pan, various types of circulation evaporators and the more 
recent high efficiency type such as the plate, rising and falling film 
designs. Special designs such as scraped surface heat exchangers have 
also been proposed for evaporating milk to very high solids contents. 
In recent years the falling film evaporator has achieved predomi
nance in the dairy industry and while other types remain in use, their 
application is largely limited to small scale, specialist situations. The 
advantages of the falling film design lie in its simple construction and 
relatively low capital cost, low level of thermal damage and high 
operating efficiency. The very small liquid content of falling film 
evaporators also means that the plant is highly responsive to changes 
in operating parameters such as energy input, vacuum and feed rate. 
This means that the plant is easily controlled and permits fully 
automatic operation using appropriate feed-back devices and micro
processors. 

The falling film evaporator consists of a bundle of tubes down which 
the milk flows (Figure 3.2). The tubes are surrounded by a steam 
heating jacket and maintained under vacuum. The tubes usually range 
from 4 to 10 m in length, although 15 m is not uncommon, with a 
diameter of 25-80 mm. Milk is evenly distributed over the heating 

• Heal flow may be defined (ignoring change in boiling point elevation during the 
operating cyde of a balch evaporator) as: 

q "" UA t::. T = UA (I - I. ) 

where q is the heat /low (joule ), A is the heat transfer area (m2 ) , U i the overall heat 
tran fer coefficient (wattSim2/'K /':;. is the temperature differen e (OK), Ie is the 
temperature in the evaporator (OK) and I . is the temperature of team (OK). 
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Figure 3.1 The basic components of an evaporator. 
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surfaces using a perforated plate, or a double cone valve distributor. 
During operation milk flows, by gravity, down the tubes. A high 
vapour velocity is an important design feature and is influenced by 
the length and diameter of the tubes, temperature difference and the 
level of vacuum. High velocities limit the thermal damage to milk by 
ensuring a short residence time and also increase the heat transfer 
coefficient and consequently the thermal efficiency of the evapora
tor. 

In falling film evaporators, the necessary degree of concentration is 
usually achieved in a single pass through the evaporator. However, 
conventional single unit evaporators have an unacceptably high 
consumption of steam and cooling water and it has been common 
practice for several years to build multiple effect evaporators in 
which the vapour from one evaporator unit (effect) is used to heat a 

• The vapour formed influences flow by increasing turbulence, decreasing the thickness 
of the laminar layer dose to the tube wall and increasing the velOCity of the film by the 
'wind over water' effect. A maximum vapour velOCity of ca. 60 mls is obtained in the 
lower part of the tubes dose to the discharge, but in practice the maximum velocity is 
Umited by the risk of the vapour tearing the milk film away from the tube walls. 
Increasing product visco ity, which reduces the heat transfer coefficient, acts to counter 
the high vapour velocity during the later rages of evaporation. Viscosity can be reduced 
by u e of high preheat temperatures, but the extent to which thiS i possible I often 
limited by the need to avoid thenna! damage to the product. 
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Figure 3.2 Falling film evaporator. Redrawn by permission of G.E.A. Wiegand 
GmBH, Ettlingen, Germany. 

Vapour 

Figure 3.3 Basic configuration of a triple effect evaporator. 

second effect. The effects are linked in series with a common 
condenser and vacuum source, the vacuum being highest in the 
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lowest temperature effect and milk flow is usually from high to low 
temperature (Figure 3.3). In operation the temperature difference 
(usually ca. 15°C) between effects is the same and the amount of 
water removed in each effect is approximately equal. Energy savings, 
however, are offset by higher capital cost. The total temperature 
difference in the plant is that between the maximum heating 
temperature in the first effect and the lowest product boiling 
temperature in the last effect. The temperature difference is distrib
uted evenly between the individual effects and therefore decreases 
with increasing number of effects. Larger heating surfaces become 
required to achieve a given evaporation rate and energy savings 
decrease markedly when more than four effects are installed. Most 
plants use five or six effects and it is rare that more than seven are 
installed. The heat transfer coefficient is lower in later effects due to 
the increase in viscosity and this further increases the heat exchange 
surface reqUired. This, in turn, further increases the capital cost and 
also leads to operational problems due to a higher level of burning-on 
and deposit formation. These difficulties may be overcome by 
countercurrent flow of milk, so that the most viscous product is 
evaporated in the highest temperature effect, or by recycling part of 
the product in the high viscosity part of the plant to ensure that the 
heating surfaces are covered. The latter system, however, results in 
uneven retention times and the possibility of lower quality end
product. 

Vapour recompression is used to obtain improvements in thermal 
efficiency beyond those possible with conventional multi-effect 
plants. Vapour recompression involves compressing part, or all, of the 
vapour from an effect to raise its temperature, and thus recover the 
condensation heat. The compressed vapour is then used to heat the 
same effect. When applied to the first effect, the evaporative capacity 
of that effect is increased considerably. In a double effect plant, for 
example, ca. 66% of the evaporation occurs in the first effect, 

• In a single effect planE the nthalpy (heat content) of the evaporated vapour is 
approximately equal to the heat input. Reduction in team consumption arise from the 
use of the enthalpy (condensation heat) of one effect to heat a second effect. Savings in 
heat consumption are proportional to the number of effects and may be illustrated by 
comparing the theoretical specific heat con umption (SHC): 

HC = Amount of tearn u ed for heating 
Amount of water evaporated 

Theoretical values are; ingle effect, 1.0; double effect, 0.5; triple effect, 0.33 and 
quadruple effect 0.25. 
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obviating the necessity for large heating surfaces in the second effect 
handling viscous product. 

Recompression equipment is of two types, thermal or mechanical. 
Thermal systems are the cheapest to install and of relatively simple 
construction, compression being effected by a steam-jet. The steam
jet recompressor acts as a heat pump which utilizes the pressure 
energy of the driving steam. Thermal vapour recompression is most 
efficient when temperature differences are small (ca. 6°C) and this is 
reflected in low steam and cooling water costs and in reduced scaling 
of the heating surfaces. Modern thermal recompression evaporators 
typically have five or six effects, a theoretical specific heat consump
tion of ca. 0.12% and a total energy requirement of 360 k]lkg water 
evaporated. It is only possible, however, to compress part of the 
vapour and the enthalpy of the motive steam is discharged as residual 
heat into the cooling water. 

Mechanical vapour recompression (MVR) offers even greater thermal 
efficiency since all of the vapours are recompressed, although the 
capital cost is significantly higher. Simplicity and ease of operation 
are important and single-stage centrifugal recompressors are widely 
employed. Various designs are used including high-pressure fans and 
turbo-compressors. Single-stage recompressors typically provide 
compression ratios of 1: 1.2 to 1 :2, but multi-stage compressors can 
be used where higher compression ratios are required. Use may also 
be made of positive displacement recompressors, such as the piston 
or sliding vane rotary types. The vapour is superheated, with poor 
heat transfer properties due to its dryness, and is cooled to its 
saturation point by injection of condensate. Mechanical recompres
sors are often driven by electric motors, but very high efficiency can 
be obtained by using internal combustion engines or steam turbines 
and recovering waste heat. Incoming milk must be heated to the 
boiling temperature of the first effect, but this may be achieved with 
very little (ca. 10%) external heat input providing that full use is 
made of waste heat recovery. 

Mechanical vapour recompression evaporators only rarely have more 
than three effects, a three effect plant having a total energy require
ment of 125 k]lkg compared with 750 k]lkg for a conventional three 
effect plant and 360 kJlkg for a five to six effect plant with thermal 
recompression. Mechanical vapour recompression offers further 
advantages in that the maximum evaporation temperature may be as 
low as 69°C, while a minimum evaporating temperature of 63°C may 
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be used, which prevents growth of most strains of the thermophilic 
Bacillus stearothermophilus and minimizes heat transfer problems 
due to high product viscosity. Only small quantities of steam and 
cooling water are required to stabilize operation and to maintain the 
correct heat balance. 

Separators are necessary for the separation of entrained milk from the 
vapour. Various types are available, but in most instances, the simple 
gravity type is preferred. 

Vapour condensation and production of a vacuum is an important aspect 
of evaporating plant, production of a vacuum requiring the removal of: 

1. Steam, or vapour, produced during evaporation. 
2. Gases dissolved, or dispersed, in the incoming milk. 
3. Air leaked into the plant. 

Vapour constitutes by far the greatest volume and in conventional, or 
thermal vapour compression plants, is condensed either by direct 
contact with water or by contact with a cooled surface. The 
condenser thus also acts as the main source of vacuum. Additional 
vacuum pumps are required to remove non-condensable gases such 
as leaked air. Water and condensed vapour must be removed by 
suction using either pumps or a barometric tube. In many modern 
plants the condensate is of sufficient purity for use as boiler feed or 
cleaning-in-place. 

Evaporators and ancillary equipment are of high capital cost and must 
be utilized as fully as possible. Long production runs are necessary 
and in some cases the evaporator may be operated continuously for 
20-22 h. The length of runs is limited by fouling and the need to 
avoid growth of thermophilic bacteria. Fouling is an inevitable 
process, the rate and nature of which depends on the nature of the 
product being concentrated, heat flux and operating conditions. 
Cleaning and sanitization are achieved by in-place circulation of 
appropriate materials including sodium hydroxide and nitric acid. 

(b) Reverse osmosis and ultrafiltration 

Reverse osmosis (RO) and ultrafiltration (UF) are both pressure
activated membrane separation techniques in which solutes of different 
molecular weight are separated from solution. There is considerable 
overlap between the two techniques and distinctions are somewhat 
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CONTROL POINT: EVAPORATOR OPERATION CCP 2 

Control 

Operation of evaporator under optimal conditions to assure product 
quality and process economy. 

Prevent build-up of thermophilic micro-organisms. 

Monitoring 

Evaporator must be equipped with appropriate instrumentation to 
monitor operating parameters such as temperature and vacuum. 

Monitor degree of concentration of product leaving evaporator. 

Where long production runs necessary, operate evaporator at tempera
tures above maximum growth temperature of thermophilic micro
organisms. Cleaning routines to be correctly implemented. 

Employment of experienced staff is necessary at all times. 

Verification 

Examination of plant records. 

Inspection of plant to ensure adequate cleaning. 

Periodic specialist examination and maintenance of plant by manufac
turers. 

arbitrary. There are, however, differences in performance in that RO 
requires an operating pressure of 100-2000 Ib/in2 and retains solutes 
with molecular weights generally less than 500, while UF operates at 
lower pressures of 10-100 Ib/in2 and retains solutes with molecular 
weight generally over 1000. The separation mechanism also differs and 
while UF can largely, but not totally, be explained as a relatively simple 
screen ftltration process, RO involves diffusive transport and molecular 
screening. 

In both UF and RO the properties of the membranes are of major 
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importance. General properties are common to all membrane pro
cesses: 

1. Capable of giving the required degree of separation (molecular 
weight cut-off) at high permeate flux rates and over extended time 
periods. 

2. Must be cleanable and withstand treatments used in cleaning and 
sanitizing. 

3. Must have sufficient strength to give a long in situ life. 

Membranes were originally constructed of cellulose acetate, but this 
material has been largely superseded by non-cellulosics, especially 
polysulphone and, more recently, ceramic materials such as zirconium 
dioxide and aluminium oxides. Two types of membrane structure exist, 
'asymmetrical' and 'compOsite'. Asymmetric membranes are cast as a 
single material of total thickness 1-2 mm. This comprises an ultra-thin 
(0.1-1. 5 IJ.m) layer of dense polymer supported by a relatively thick 
substructure of porous polymer. Composite membranes consist of a 
very thin film of active polymer on top of a highly porous sublayer made 
from a different polymer. In either case a backing layer may be present 
to increase mechanical strength. 

In current usage, membranes may be cast in one of four configurations; 
tubular, flat sheet, spiral wound and hollow fibre, the latter being 
primarily used for water treatment. Each configuration has advantages 
and disadvantages and no single combination of membrane and configu
ration is suitable for all applications. 

One of the most important features determining the efficiency of 
membrane systems is the rate of permeate passage, the flux. Flux is a 
function of membrane properties, operating parameters and the 
physico-chemical properties of the solution being concentrated. 
Membrane fouling, which results in an irreversible decline in flux, 
can be a major problem and may be caused by growth of micro
organisms, blocking of membrane pores by particles, or physico
chemical reactions such as a gel formation. Cleaning and sanitizing 
programmes are thus an essential part of the operation of membrane 
processes. 

Membrane separation processes take place without phase change 
and, in theory, energy requirements are much reduced. The degree of 
concentration possible is, however, relatively low and membrane 
separation systems are usually operated in conjunction with an 
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evaporator. Usually ca. 60% of water is removed at the membrane 
stage and 40% by the evaporator and under these conditions the 
saving in energy is insufficient to offset the capital cost of the 
membrane equipment and its operating cost. The inclusion of an 
evaporator also limits other theoretical advantages including reduc
tion of thermal damage and avoidance of flavour stripping. Use of 
reverse osmosis and ultra filtration is therefore limited to specific 
situations such as the preparation of starting material for manufacture 
of fermented milk and cheese. 

(c) Freeze concentration 

Freeze concentration involves the cooling of milk to below the freezing 
point and the subsequent removal of the ice crystals formed. At present 
freeze concentration plants have not been developed beyond the pilot 
scale. Work suggests that a concentration of 36-38% is possible for both 
whole and skim milk in a single-stage plant. The concentrate is of good 
organoleptic quality and undergoes no Significant undesirable changes. 
The loss of milk components of ca. 100 mgll is also very low. Freeze 
concentration is, however, an expensive process, current costs being 
three to four times greater than thermal evaporation or reverse osmosis. 
The potential for microbial contamination is also considerable and very 
careful cleaning is required. 

3.2.2 Manufacture of concentrated milk products 

A number of concentrated milk products are made for both the 
industrial and consumer markets (Figure 3.4). The key processing stage 
in all cases is the removal of water, usually by evaporation, although 
ancillary processes, such as the thermal processing (retorting) of 
canned evaporated milk, are themselves of considerable technolOgical 
importance. 

(a) Concentrated milk 

Concentrated milk was devised for direct consumption, after appropri
ate dilution, as a fluid milk. Advantages stemming from reduced bulk 
have been small and concentrated milk has not become an important 
dairy product. 

Concentrated milk is prepared from high quality (Grade A) milk which 
is pre-heated at temperatures approximating to pasteurization. The milk 
is concentrated, usually by a ratio of 3: 1, standardized, homogenized and 
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Figure 3.4 Production of various concentrated milk products. ISmall quanti
ties are semi-skimmed or contain vegetable fat as a substitute for milk fat. 2 Sold 
in cans, tubes or cartons. 

pasteurized before packaging. A higher temperature of pasteurization is 
required to offset the protective effect of the higher solids content, a 
common process being 79.4°C for 25 s. 

Although the water activity level of concentrated milk is lowered by the 
higher total solids content, the effect on microbial growth is minimal 
and refrigeration is required during storage and distribution. 

(b) Bulk condensed milk 

Large quantities of bulk condensed milk are made by evaporation and 
are used primarily as a source of milk solids in confectionery, bakery 
and other manufactured foods. Considerable interest has been shown 
in the use of milk concentrated by ultrafiltration or, to a lesser extent, 
reverse osmosis for manufacture of cheese and fermented milks, 
while retentates have also been used in the manufacture of ice cream. 

Bulk condensed milk is usually made from manufacturing-grade milk, 
although Grade A milk is used where the condensed product is to be 
used to standardize liquid milk, or in preparation of milk drinks. Either 
skim, fat-reduced, or whole milk may be used according to the end-use 
and for particular uses non-milk fat may be substituted. Skim milk may 
be blended with whey (5: 1) before concentration for use in ice cream 
manufacture. 

Where appropriate, the milk is separated before concentration, but 
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CONTROL POINT: MILK AND MILK PRETREATMENT CCP 1 

Control 

Incoming milk to be of suitable quality. 

Heat processing to be adequate for destruction of vegetative pathogens. 

Other pretreatments to be correctly applied. 

Monitoring 

Incoming milk: in general, as for liquid milk (Chapter 2, page 48), even 
where manufacturing grade milk is used. 

Heat treatment: equipment should be fitted with a thermograph and 
temperature monitored by operatives. 

Other pretreatments: control parameters should be monitored by 
operatives and recorded either manually or automatically as appropri
ate. 

Verification 

Examination of plant records. 

Note: Heating to ensure safety is a CCP 1, all other processes are CCP 2s. 
Control measures described here are generalized and applicable to all 
types of concentrated milks. 

standardization for fat content may be delayed until final standardization 
for total solids content after concentration. Homogenization of the milk 
(other than skim milk) is normal at this stage. In all cases the milk is 
preheated, either in a continuous heater, or in a 'hot well'. The degree of 
heating varies but is commonly in the range 65.5-76.rC. More severe 
treatments of up to 82-93.5°C for up to 15 min may be used for special 
applications to increase product viscosity, etc. Vegetative pathogens are 
destroyed at the upper end of normal preheat treatments, but may 
survive at the lower end. This is clearly undesirable and a supplementary 
heat treatment equivalent to HTST pasteurization should be introduced. 
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The degree of concentration depends on the product end use, but is 
normally in the range 2.5: 1 to 4: 1. The product leaving the evaporator is 
not sterile and further opportunities for contamination occur during 
post-evaporation handling operations such as standardization and pack
aging. A high standard of hygiene together with rapid and efficient 
cooling is seen as an integral part of processing and is necessary for an 
adequate storage life. 

(c) Canned evaporated milk 

Canned evaporated milk may be seen as the consumer equivalent of 
bulk condensed milk but, while the end products are similar, there are 
differences in pre-concentration treatment resulting from the need to 
stabilize the milk against instability (coagulation) induced by retorting 
and thickening associated with long-term storage (see pages 141-145). 

Canned evaporated milk is made from high quality milk. Whole milk 
is most common, but smaller quantities of skim milk and milk filled 
with non-dairy fats are also used. The milk is separated, where 
applicable, and standardized, precautions are taken at this stage 
against instability, although strictly these are concerned with produc
ing optimum viscosity rather than optimum heat stability. Stabilizing 
salts are added, those permitted in the UK including NaH2P04 , 

Na2HP04 and Na3P04 , NaHC03 and KHC03 , Na3citrate and H3citrate 
and CaCI2 • Both phosphate and citrate ions have a specific stabilizing 
effect, but pH value is also of major importance. It has been suggested 
that choice of stabilizer should, therefore, depend on the milk pH, 
Na2HP04 , Na3P04 , Na3citrate or NaHC03 being added to milk of acid 
pH and NaH2 P04 or CaCl2 to milk with a pH value approaching 
neutrality. The amount of stabilizing salt added depends on the 
amount needed to bring the pH value to that of optimum stability, 
6.6-6.7. Summer milk is most prone to instability but seasonal 
variations are much less than with unconcentrated milk. The effectiv
ity of stabilizing salts, however, varies markedly with season, phos
phates being most effective during June to August and least effective 
in the winter months. 

Preheating is also of importance in determining stability and must be of 
sufficient severity to denature and aggregate whey proteins, most 
modem plants employing temperatures of 120-122°C for a few minutes. 
Time and temperature of preheating have a major effect on stability, 
especially at intensities above that required to denature 90% of the 
j3-lactoglobulin. Preheat parameters must, therefore, be carefully deter
mined and rigorously controlled. 
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CONTROL POINT: STABIUZATION CCP 2 

Control 

Ensure stability of final consumer product by application of correct 
preheating process and addition of stabilizing salts. 

Monitoring 

Calculation of quantity of salts required and supervision of addition by 
trained and experienced personnel. 

Preheat equipment to be fitted with thermograph. 

Verification 

Redetermine stability before canning and retorting. 

Examination of plant records. 

Following preheating the milk passses to the evaporator where the 
water content is reduced to give a total solids content higher than that 
desired in the end-product. The concentrate is homogenized and 
cooled. Two stage homogenization is usual, a typical process involving 
pressures of 17.5 and 3.5 MPa on the first and second stages, respec
tively. Standardization is also possible at this stage, but preheated skim 
milk concentrate must be used. Samples are tested for stability and 
further stabilizing salts may be added, providing that the legal limit is not 
exceeded. 

In conventional practice, filled and sealed cans are retorted in either a 
batch or continuous retort, but in recent years there has been a 
tendency to combine ultra-high temperature processing of the milk with 
aseptic filling of presterilized cans, bottles or cartons. Thermal processes 
must be sufficiently severe to ensure microbiological safety and stability 
and higher retort temperatures are also desirable to minimize age-

• In mall- cale production tbe concentrated milk may be stored at 4°C before the 
canning proce , but this practice promotes subsequent age-thickening and should be 
avoided (de Koning, PJ . et al. 1992. Netherlands Milk and DairyJoumal, 46, 3-18). 
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CONTROL POINT: STERILIZA nON CCP 1 

Control, monitoring and verification procedures are basically the same 
as those applied during production of in-bottle or UHT sterilized milk 
(Chapter 1, pages 64 and 70) depending on the type of process applied. 
Where double seam cans are used, a procedure must be applied to 
check, on a regular basis, that seam parameters are correct. This requires 
trained and experienced personnel. 

thickening. ExceSSively severe processing, however results in an unde
sirable level of Maillard browning and other deleterious reactions. 
Typical processes for conventional retorting involve heating at 120°C 
for 10 min, or 115°C for 15-20 min. More severe processes may be 
necessary where the product is to be stored in a hot climate and in some 
countries addition of nisin is permitted to control thermophilic spoilage. 
Batch retorts are usually of the rotary type to ensure uniformity of 
heating and cooling and continuous retorts impart a rolling motion to 
cans for the same purpose. 

Ultra-high temperature processing may vary from 136°C for 30 s to 
150°C for less than 1 s . Ultra-high temperature processed evaporated 
milk undergoes significantly less heat-induced change, but viscosity is 
lower and may permit fat separation. There may also be a greater 
tendency to age-thickening due to the lower total heat load.lfnecessary, 
however, these problems may be overcome by holding at 100-115°C. 
Sedimentation, however, remains a problem especially with skim or 
low-fat milk. 

(d) Sweetened condensed milk 

Sweetened condensed milk may be made from either whole or skim 
milk and may either be produced for bulk industrial use or packaged 
into containers (cans or tubes) for retail sale. The extended shelf life 

• Proposal have been made to exploit ultrafiltration to produce a new generation of 
sweetened, in·can terilized concentrated produclS. uch products are stabilized by 
removal of sailS during a combined ultrafiltration and diafiltration proce . table kim 
milk product were ucccssfully produced but had a 'chalky' mouth·feel Organoleptic 
problems were subsequentl}' overcome by re-addition of cream, although the homogeni· 
zation required ilSelf led to instability (Muir, D.O. et al. 1984. Journal of Food 
Technology, 19, 369-76). 
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is derived not from thermal processing, but the reduced water 
activity (a",) level resulting from the high solute concentration. 
Refrigeration is, however, required for many types of bulk sweetened 
condensed milk. 

The milk used is commonly of 'manufacturing grade', although the 
relatively lax standards previously permitted in some countries have 
now largely been replaced by more rigorous criteria. The milk is 
preheated and, in some cases, superheated, before passing to the 
evaporator. Sugar may be dissolved in the preheated milk before 
evaporation and this is general practice for bulk sweetened con
densed milk, which is usually of relatively short shelf life. The much 
longer shelf life necessary for retail packs means that age-thickening 
may be a significant problem (see page 144) which can be exacer
bated by addition of sugar before evaporation. In this case normal 
practice is to introduce the sugar as a ca. 65% solution in the later 
stages of evaporation. Where sugar is added at this stage, it is 
necessary to pass the concentrate through a 'finisher', a small 
separate evaporator specially designed for the removal of relatively 
small volumes of water to a high total solids content and for handling 
viscous material. 

The sugar usually added is sucrose, but for industrial use other sugars 
may wholly, or partly, replace sucrose. The concentration of sugar in 
water is expressed as the sugar ratio (sucrose in aqueous phase) and 
may be calculated as: 

S . % sugar in condensed milk X 100 ugar ratIO = -----=-----------

100 - total solids in condensed milk 

The sugar ratio is usually 63.5-64.5 for the retail product, but can be as 
low as 42 for bulk, whole milk product to be stored under refrigeration. 

Milk leaving the evaporator is partially cooled to ca. 30°C and seeded 
with very fine lactose crystals. These form nuclei as the milk lactose 
crystallizes out during further cooling and induce the formation of a 
large number of small, undetectable lactose crystals. Inadequate seeding 
leads to the formation of a small number of large crystals which impart a 
sandy texture to the product. The high viscosity of sweetened con
densed milk can cause problems where conventional coolers are used 
and flash cooling in a vacuum-chamber may be preferred. 

Sweetened condensed milk is not sterile and while the a", level is 
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CONTROL POINT: SUGAR ADDITION CCP 2 

Control 

Quantity of sugar added must be correct with respect to sugar ratio 
required. 

Sugar to be of acceptable quality and not to introduce micro-organisms 
or other contaminants. 

Monitoring 

Calculation of sugar required by trained and experienced person. 

Addition of sugar supervised by experienced person. 

Sugar to be obtained from reputable supplier and to meet pre-agreed 
standards. 

Sugar to be stored under correct conditions. 

Verification 

Scales, flow meters, etc., used for measuring sugar to be checked on a 
regular basis. 

Examination of plant records. 

Inspection of storage facilities on a regular basis 

sufficiently low to inhibit growth of many bacteria, other micro
organisms, especially yeasts and moulds are able to develop. It is 
necessary to apply stringent control both of general hygiene and of 
specific operations and detailed measures should be incorporated into 
master manufacturing schedules. Special account should be taken of the 
viscous nature of sweetened condensed milk and cleaning schedules 
adjusted accordingly. 

Filling of sweetened condensed milk into retail containers is a relatively 
complex process due to the product viscosity and positive-action 
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plunger-type fillers are used. Containers should be presterilized by gas 
flame or steam and the airspace should be minimal to prevent mould 
growth. Filling equipment is sometimes protected by directed air flow 
and ultraviolet light. Tanks for bulk storage of sweetened condensed 
milk should also be fully filled and may be equipped with ultraviolet 
lights to prevent surface mould growth. Refrigeration should be applied 
where necessary. 

A special type of sweetened condensed milk, block milk, is used to a 
limited extent in Europe and the US in the manufacture of confection
ery. Block milk is of higher solids content than conventional skim milk 
and has a paste-like consistency. The product is made in batch cookers, 
in which milk is heated to ca. 60°C before addition of a sugar syrup. 
Water evaporates under vacuum, a stirrer being used to work the paste. 
The composition of block milk varies according to end-use, most types 
having a total solids content of 85-90% , fat of 9-20% , sugar of 20-50% 
and a moisture content of 10-15%. Shelf life is short due to the rapid 
onset of age thickening and sugar crystallization. 

(e) Recombined concentrated milk 

Recombined concentrated milk, prepared from milk powder and anhy
drous milk fat, is used as a substitute for whole milk in areas where fresh 
milk is scarce or highly seasonal in availability. Manufacture involves 
preparation of a reconstituted milk concentrate of solids-non-fat content 
ca. 18% and fat content ca. 8%. The viscosity of the concentrate should 
be in the range 13-18 centipoise. The concentrate is heated to 25°C and 
blended with molten milk fat at a temperature of 40--45°C. The mixture 
is then homogenized in two stages at pressures of 16 MPa in the first 
stage and 3.5 MPa in the second stage. The recombined concentrated 
milk is then UHT processed and aseptically packaged. 

BOX 3.2 A free man on Sundays 

Before the development of expensive energy replacement foods, 
sweetened condensed milk, packed in tubes, formed an important 
part of the diet of many hill walkers and climbers. The manufactur
ers were able to exploit this niche market by sales through Youth 
Hostels. Indeed sweetened condensed milk was sometimes a staple 
of Youth Hostel diet being used as a spread in sandwiches in 
addition to its more conventional culinary roles. 
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Recombined concentrated milk is subject to instability, the extent of the 
problem depending on the preheat treatment applied before the 
evaporation stage in manufacture of the milk powder. A special, 
high-heat, heat-stable skim milk powder is now available. 

(f) End-product testing 

End-product testing is required for all types of concentrated milk. Actual 
tests applied vary (see page 148). However the role of chemical analysis 
is to ensure compliance with compositional standards and product 
qUality. Microbiological analysis ensures that general standards of 
manufacturing hygiene have been satisfactory. In the case of in-can, or 
UHT sterilized evaporated milk, sterility testing is required. 

3.2.3 Basic technology of drying 

The drying process may be seen as a continuation of concentration, with 
the intention of producing a stable, low moisture content product with 
minimum organoleptic change and functional attributes appropriate to 
the end-use. The concentration stage and its associated processes such 
as pre-heating are an integral part of the production of dried milks and 
playa major role in determining the properties and functional attributes. 

Industrial-scale drying of milk involves the removal of water through 
application of heat at temperatures above ambient. Water in foodstuffs is 
held in varying degrees of bonding and the concept of a clear demarca
tion between free and bound water is a potentially misleading over
simplification. A substantial part of the water in concentrated milk is, 
however, only loosely bound and for drying purposes may be consid
ered as 'free'. There are two possible means of removing water in a 'free' 
state: 

1. Evaporation, the means in roller drying, where the saturated 
vapour pressure of the surface giving up moisture equals atmo
spheric pressure (P"vo = P). 

2. Vaporization, the means in spray drying, where the saturated 

• The addJtion of buttermilk to the unconcentrated milk has been suggested as a means of 
controlling instability. Stabilization i po iblc during production of the recombined 
coocentrate by control of homogenJzatioo and by addition of phosphates or citrates as 
stabilizers. tabiHzcrs are only effective, however, when used in conjunction with control 
of pH value, maximum stability being obtalned at values of ca. 6.7 (Augu tin, M.A and 
Clarke, P.T. 1990.journa/ 01 DQI'ry Research, 57, 213-26). 
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vapour pressure of the surface giving up moisture is less than 
atmospheric pressure (P"vo <P). 

It is thus necessary to supply the latent heat of vaporization (or 
evaporation) and this involves two major process-controlled factors: 

1. The transfer of heat to provide the necessary latent heat of 
vaporization. 

2. The movement of water, or water vapour, through the food 
material, and then away from it, to effect the separation of water 
from the foodstuff. 

Drying by vaporization may be considered to occur in three stages. In 
the first stage the surface of the product being dried contains 'free' water 
and vaporization proceeds from this surface. This stage is referred to as 
constant rate drying during which 

dw = constant 
do 

where w is the mass of material being dried. 

Shrinkage of the material occurs as a consequence of the drying of the 
'free' liquid surface (initial moisture contentXoo) and continues until a 
solid structure is formed (Xo). No further shrinkage occurs after this 
point, but moisture is transported from the interior to the surface by 
capillary forces. The drying continues at virtually constant rate until the 
maximum hygroscopic water content (Xhyg.max) is reached. At this point 
the end of the first stage is indicated by a sharp break in the drying stage 
line (Figure 3.5). 

The second stage of drying is characterized by a decreasing drying rate. 
'Free' moisture recedes into the product interior and the surface 
moisture content decreases from the maximum hygroscopic moisture 
content to the equilibrium moisture content (XequJ. The average depth 
of the moisture level progressively increases and heat transmission now 
involves heat transfer to the product surface. Conductivity of the dry 
surface layers is very low and conduction within the product becomes 
of increasing importance in determining drying rate. An exception 
occurs with dried products of relatively high bulk density which have a 
small cavity volume and very small pores, where drying rate is deter
mined more by resistance to moisture diffusion than by heat conduc
tion. As the second stage proceeds, removal of water more tightly bound 
by sorption commences. 
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Figure 3.5 The three stages of drying. 
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During the third drying stage the maximum hygroscopic moisture 
content is present in the deepest part of the product interior. The 
difference between atmospheric pressure and the saturated vapour 
pressure of the surface giving up water progressively falls and this is 
reflected in a decreasing drying rate. As the vapour pressure of the 
residual moisture in the centre of the product enters equilibrium with 
the atmospheric moisture the drying rate approaches zero and the 
process is effectively complete. 

3.2.4 Spray drying 

Spray drying is now of overwhelming importance in the manufacture of 
dried milks (and other dried dairy products) and, except for special 
purposes, has largely supplanted the earlier process of roller drying. 
Roller drying is not, therefore, discussed further. At its simplest, spray 

• Heat transfer during the fir luge of spray drying may be expressed as: 

q = hmA(t.-tm) 

where q is the heat transfer rale (kJlkgls), hm is the urface heat transfer coelficienl 
O/m2/s/"C), A is the area Ihrough which heat flow occurs (m2 ) , t. is me air temperature 
(OC) iUld t. is th drying surface temperature (0C). Dryer c:fficiency may be defined as the 
ratio of the heat theoretically required to supply me heat of vaporization of me water 
removed to the actual heat used by me dryer. It is necessary to take accounl of losses of 
heat before me supply into me dryer and calculations of efficiency mu t be based on me 
total heal available from the fuel burned to upply dryer heat (Earle, R.G. 1983. Unit 
Operations in Food Processing, 2nd edn. Pergamon Press, Oxford; Evan , A.A. ) 989. 
Australianjoumal of Dairy Technology, 44, 97-100). 
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drying involves mixing in a drying chamber atomized milk, of droplet 
diameter less than 300 !!m (preferably 10-100 !!m), with hot air at an 
inlet temperature of 150° to 220°C. The air gives up heat and moisture is 
correspondingly removed from the droplets. The vaporization tempera
ture at commonly used inlet temperatures is between 40 and 50°C, the 
temperature of the dry particles never exceeding that of the cooled 
outlet air. Dry particles are separated from the air, either before or after 
removal from the drying chamber, and cooled before packaging. 

In many ways the apparent simplicity of spray drying is deceptive and it 
is therefore possible to seriously underestimate the complexities 
involved in design, construction and operation of even the most 
unsophisticated dryers. Further the dryer must be considered in a 
broader context, not only of accompanying plant such as evaporators, 
but also of the design and construction of the factory building and of all 
operational procedures. 

The design of a basic two-stage spray dryer is illustrated diagrammati
cally in Figure 3.6. Concentrated milk enters the top of the dryer via the 
atomizer. The viscosity of the feed is a major factor affecting the 
properties of the dried powder and may be controlled, within limits 

Feed 

Atomizer ,-- _ _ >-+ 

Drying 
Chamber 

Vibrating 
fluid bed 

Exhaust air 

Cooling air Product 

Figure 3.6 Basic two-stage spray dryer. Redrawn by permission of Niro 
Atomizer AJS, Copenhagen, Denmark. 
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which vary according to product type, by altering the degree of 
concentration by the evaporator. 

Atomizers are of three types, rotary ( disc ), pressure nozzle and two-fluid 
nozzle, the rotary or the pressure nozzle type being most common. 
Rotary atomizers vary in design, but consist essentially of a rotating disc 
driven by a high speed electric motor. Feed enters the centre of the disc 
and is directed to peripheral exit points, consisting of slots or holes, by 
curved vanes incorporated into the body of the disc. The atomizer is fed 
by a simple pump and capable of dealing with feed containing solid 
particles. Disc atomizers are capable of handling high viscosity feed and 
have a very high throughput, but the 'umbrella' -shaped spray means that 
a large drying chamber is required to prevent excessive burning-on of 
product to the chamber walls. The rotary atomizer produces a range of 
droplet sizes according to the design of the atomizer and the speed of 
rotation, the behaviour of the largest droplets having the controlling 
influence. The extent of air inclusion within the droplet is relatively 
high and the powders of medium particle denSity. The extent of air 
inclusion can be reduced by flushing the atomizing disc with steam but 
this is an expensive procedure which may also cause heat damage to the 
product. Alternatively a sealed disc has been developed which mini
mizes air entrapment before atomization proper. 

The pressure nozzle atomizer is fed by a high-pressure, positive displace
ment pump, usually of the piston-type. Operating pressures of 2-6 MPa 
are reqUired for low viscosity liquids and ca. 20 MPa for high viscosity. 
liquid feed enters the nozzle tangentially, the resulting spin atomizing 
the liquid as it leaves the nozzle. The throughput of a single pressure 
nozzle is low in comparison with a rotary atomizer and large dryers 
require multiple nozzles fed via a ring manifold. The installation cost for 
a large dryer is therefore higher, although the downward flow of 
product into a narrow cone means that a large diameter drying chamber 
is unnecessary. The diameter of the droplets falls within a narrow range 
depending on the pressure applied, nozzle design and capacity and the 
viscosity and surface tension of the feed. Nozzle atomizers produce a 
powder of high bulk density which, in general has better reconstitution 
properties, longer shelf life where fat-containing and reduced stack 
losses . 

• In the past, choice of atomizer has tended lO vary according to country of installation, 
the nozzle rype being more common in the SA and the rotary type in Europe. The 
properties of the powder produced do, however, diifer and choice of alOmizer rype is 
today likely to be based on this and other technological considerations uch as th 
propertie of the product lo be dried. 
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The addition of dry ingredients at the time of atomization has advantages 
in the manufacture of products such as infant formula which are based 
on spray dried milk supplemented with crystalline sugars, dried starch 
flakes, etc. Dry ingredients are introduced via the fines return system 
and up to 70% can be incorporated. 

Agglomeration is the major step in the manufacture of instant products 
and involves the formation of a physically larger body from a number of 
smaller ones (particles) while retaining the original particles in identifi
able form. In older dryers agglomeration was a separate process which 
involved moistening the powder with steam and re-drying in a fluidized 
bed dryer. It is now possible to agglomerize powder at the atomization 
stage. A multiple pressure nozzle system is most suitable, the nozzles 
being arranged in angled clusters to produce cross-spraying, and fines 
are returned to the atomization area. The degree of cross-spraying can 
be varied to produce non-, low- or highly-agglomerated powders. 
Heating air is drawn from the outside atmosphere through a series of 
filters. Indirect steam heating via a heat exchanger is the most com
monly used method of air heating and may be used in combination with 
direct electrical heating. Indirect gas or fuel oil heating is occasionally 
used and interest has been shown in direct gas heating using low 
nitrogen oxides (NOx ) combustion systems. Heat exchangers operat
ing in the exhaust air after removal of fmes recover waste heat which is 
used to pre-heat incoming air. 

Air flow within the drying chamber is of major importance and a 
number of requirements must be fulfilled: 

1. Air and product must be thoroughly mixed and evenly distributed 
to avoid formation of pockets of moisture. 

2. Uncontrolled back flow of dried product into hot areas of the dryer 
must be prevented to avoid the risk of localized overheating. 

3. The surface of droplets should be dry before contact is made with 
the dryer walls to prevent deposit formation. 

4. The temperature of dryer walls in contact with product must be 
below the product melting point to avoid burning on. 

5. The air flow must not permit the concentration of product to enter 
the explOSion danger zone. Self-ignition of whole milk powder 
occurs at 144°C and skim milk powder at 185°C. Spark ignition of 
powder can occur at a concentration of 50 gtm3 , but not at 
175 gtm3 . 

Two basic design options exist for air flow, cocurrent or countercur-
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rent. Countercurrent flow is considered advantageous where a low 
residual moisture is required since the incoming air has a low partial 
vapour pressure and is in mass exchange with the emerging powder. 
The thermal efficiency is also high due to the lower outgoing air 
temperature, but the temperature of the product leaving the dryer is 
high and the development of two and three stage dryers fitted with 
integrated fluidized beds (see below) has favoured the use of cocurrent 
flows. 

Heavy particles are removed from the base of the drying chamber 
through a lock, while lighter particles (the fines) remain in the air flow 
until removal by cyclones and cloth filters. An alternative procedure is 
to remove all of the product with the air flow and effect separation 
entirely by use of cyclones and filters. The latter system can result in a 
high level of dust due to mechanical damage to the powder granules. 
Wet air scrubbers have been fitted to some plant, but while highly 
efficient, pose a hygiene threat which many experts consider unaccept
able. Fines are returned either to the main drying chamber or to the 
secondary fluidized bed drying stage. Dryers are fitted with a variety of 
devices to assist powder removal. These include pneumatic hammers 
and vibrators to remove powder from the dryer wall, mechanical rakes 
and rotating air sweeps. 

Original spray dryer designs were for single stage drying in which all of 
the moisture is removed in the main drying chamber. Such designs are 
now obsolescent and have been replaced by two and three stage dryers 
in which the drying process is completed in fluidized bed dryers. This 
has considerable advantages in terms of a reduced specific energy 
consumption and improved powder properties and also increased 
flexibility in terms of powder types produced. In a typical three stage 
dryer the moisture content of powder leaving the spray chamber (first 
stage) is 10-15%, this is reduced to 5-6% in the first fluidized bed 
(second stage) before final drying to the desired level in the second 
fluidized bed ( third stage ). 

Fluidized bed dryers consist of a layer of product supported on a porous 
support plate through which air is blown. The bed may either be 

• It has been calculated that some particles may remain in well· mixed dryers, exposed to 
temperatures of 70--1 OO°C for periods in excess of 20 min and that undesirable changes 
including an increase in insolubility ind , protein instability and lactose crystallization 
can result. The temperature during the drying of moist powders hould be as low as 
practjcal (Kudo, N. et al. 1990. ether/am Is Milk and DairyJoumal, 44, 89-98). 
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stationary or vibratory. The velocity of the air is controlled between that 
needed to expand the product bed and that at which individual particles 
float. Drying (and cooling) times are influenced by the diameter of the 
particles, the depth of the bed and the state of the air. 

Fluidized bed dryers are of two types with respect to product behaviour, 
the well-mixed and plug-flow types. Particle mixing is perfect in the 
well-mixed type and the high air flow rate results in rapid dispersal of 
feed and prevents lump formation. Well-mixed dryers are therefore able 
to handle moist and sticky powders and are used as second stage dryers. 
Disadvantages are the non-uniform moisture content in particles leaving 
the dryer and a wide distribution of particle residence time. Plug flow 
fluidized beds operate on a 'ftrst in-ftrst out' principle and give a flat 
particle moisture proIDe. For this reason plug flow dryers must be used 
for the ftnal stage of drying and also for cooling. 

Fluidized bed dryers may be separate from the spray dryer ( external) or, 
more usually in current designs, incorporated into the drying chamber 
(integrated). In some cases the air flow is common with that of the spray 
dryer, but improved control and fleXibility are obtained where air flows 
are separate. Modern spray drying plant may be arranged in various 
conftgurations including the cocurrent integrated fluid bed design and 
the mixed flow integrated fluid bed design. The latter offers optimal 
handling of high moisture content powders and considerable flexibility 
in terms of powder properties. Design and operation are illustrated and 
discussed in Figure 3.7. 

An alternative means of spray drying, foam spray drying, is occasionally 
used where powders of very low bulk density are required. In this 
process air (skim milk) or nitrogen (whole milk) is injected at high 
pressure before atomiZation and dispersed as ftne bubbles. The resulting 
powder has a bulk density ca. half that of conventional spray dried 
powder. 

The Filtermat ™ is a special type of spray dryer originally developed by 
the University of Minnesota and the Pillsbury Company for the drying of 
non-dairy products such as fruit juices. The drying chamber is rectangu
lar with vertical pressure spray nozzles in the ceiling. The height of the 
chamber is insufficient to permit drying to the ftnal moisture content, 
moist, partially dried milk building up as mat on a porous belt moving 
through the base of the dryer. Drying air moves down through the mat 
which thus acts as a IDter. The mat is carried by the belt to ftnal drying 
and cooling sections and is ftnally broken off the belt in the form of a 
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Figure 3.7 Mixed flow integrated fluid bed spray dryer. Redrawn by permis
sion of Niro Atomizer AlS, Copenhagen, Denmark. Air enters the drying 
chamber, which is characterized by the short cylindrical upper part, in the 
centre of the ceiling and flows straight down. Atomization may either be by 
rotary, or pressure nozzle atomizers. A stationary fluid bed dryer is built into the 
base of the chamber and exhaust air leaves via roof vents. Powder is dried to 
15% moisture in the primary drying stage and this is reduced to 5% in the 
stationary fluid bed. Final drying is in a vibrating fluid bed placed immediately 
after the outlet to the drying chamber. Fines are recirculated and fill the entire 
chamber with powder. Changing the residual moisture content of the airborne 
particles changes the degree of agglomeration and thus particle size distribution 
of the end product. 

porous cake. Milling is required to produce a free-flowing powder and 
the belt is cleaned before re-entering the drying chamber. The capacity 
of this type of dryer is inherently limited by the size of the belt and very 
large throughputs are not possible. The Filtermat is, however, suitable 
for drying powders of high fat (up to 80% ) and sugar content and is 
used in manufacture of such products as coffee creamers and infant 
foods. The thermal efficiency is very high. 

3.2.5 Production of dried milk products 

(a) Skim milk powder 

The manufacture of skim milk powder is summarized in Figure 3.8. 
Manufacturing grade milk of good bacteriological quality is used. The 
milk is skimmed and standardized, where necessary, before heat treat-
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CONTROL POINT: DRYER OPERATION CCP 1 

Control 

Operation of the dryer and ancillary equipment under optimal condi
tions to assure product quality and process economy. 

Ensure that the dryer, ancillary equipment and plant as a whole do not 
serve as a source of pathogenic micro-organisms. 

Monitoring 

Dryer must be equipped with suitable instrumentation to monitor 
operating parameters such as temperature of entry and exit air. 

Precautions against contamination from raw milk to heated milk, 
concentrate, or powder must be monitored on a continuing basis. 

Precautions against growth of bacteria in concentrate before drying 
must be monitored on a continuous basis. 

Precautions against cross-contamination between the wet side of the 
plant and the powder side must be monitored on a continuous basis. 

Between production runs the dryer should be checked for efficiency of 
cleaning procedures and physical condition. 

Employment of experienced staff is necessary at all times. 

Verification 

Examination of process records. 

Environmental sampling to give early warning of plant contamination. 

Periodic specialist examination and maintenance of plant by manufac
turer, to include use of equipment to detect cracks in inner wall. 

ment and may also be clarified at this stage. Raw milk should be subject 
to a heat treatment which is at least equivalent to pasteurization. For 
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Raw milk CCP2 

Separating CCP2 

Standardizing CCP2 

• Heat treatment 1 CCP1 

• Concentration CCP2 

• Spray drying and CCP1 
cooling 

• Packaging CCP1 

• Distribution CCP2 
Figure 3.8 The manufacture of spray dried milk powder. 1 Heat treatment must 
be at least equivalent to pasteurization. 

operating reasons the use of flow-diverters is usually on a 'last-resort' 
basis and the process must contain a safety margin sufficient to allow for 
normal variations. 

The heat treatment applied at this stage affects the functional properties 
of milk proteins and the end-use of the powder (see pages 136-7). 
Three heat treatments producing low-, medium- and high-heat powder 
are used. These produce differing degrees of protein denaturation and 
the resulting powders may be distinguished chemically by determining 
the level of soluble whey protein nitrogen. Heat treatments commonly 
applied are 74°C for 30 s for low-heat powder, 85-105°C for 1-2 min 
for medium-heat and 120--135°C for high-heat. A further class of 
powder, high-heat, heat stable skim milk powder, used in the manufac
ture of recombined evaporated milk, receives a heat treatment of a 
minimum of 120°C for not less than 40 min. Heat treatment is also 
required for production of lipase-free skim milk powder used in 

• Low-caldum milk powder i also produced for use in meat products and this requires 
the use of ion exchange coLumns to reduce the calcium content of the skim milk by 
75-90%. Although low-calcium powder has very good water binding and emulsification 
properties, the additional processing is expensive and the product is not widely used. 
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chocolate manufacture to prevent lipolysis during storage. However, 
microbiallipases are likely to survive the commonly used treatment at 
85-95°C for 1-2 min and such powder should be referred to as 
'lipase-reduced' rather than 'lipase-free'. 

In modem plant the heat treatment equipment is incorporated into the 
evaporator and offers a very high degree of control and operating 
efficiency. Various configurations of tubular heaters are used, although 
in some circumstances high-heat treatment is most conveniently applied 
by direct steam injection. After heating to the desired temperature, the 
milk is held either in vessels or holding tubes for the time period 
required. The milk is then cooled either in a conventional heat 
exchanger or, preferably, by flash evaporation. Flash evaporation is 
particularly efficient since flash vapour can be used for heating incoming 
milk. Further as much as 8% of the total water evaporated can be 
removed by flash evaporation thus reducing the steam consumption of 
the entire system. 

Following heat treatment the milk passes to the concentration stage. 
Concentration by evaporation using, in modem plants, falling film 
evaporators, is most common although increasing use is made of 
ultrafiltration and, to a lesser extent, reverse osmosis. Milk is concen
trated to 45-55% total solids, the current trend being to higher levels of 
concentration to meet the demand for powders of high bulk density and 
to reduce the energy requirements of the dryer. 

Concentrated milk may pass direct to the atomizer of the spray dryer, 
but a small balance tank is often employed to ensure a constant flow of 
milk to the dryer. Microbial growth can occur in the balance tank and 
the residence time of the concentrate should be as short as possible. The 
use of dual balance tanks is common and permits regular cleaning 
during long, continuous production runs. Problems due to thickening 
and gelation are also minimized. Further preheating from ca. 55°C to ca. 
80°C is advantageous and should take place directly before atomization. 
Specially designed spiral tube heaters are available and can be operated 
for long periods without fouling. The concentrate may also be seeded 
with a-lactose monohydrate crystals before atomizing to increase the 
percentage of crystalline milk sugar and reduce hygroscopicity. 

Spray dryers are operated in accordance with the principles discussed in 
Section 3.2.4. Inlet air temperatures are in the range 180-230°C and 
outlet temperatures 70-95°C and the final powder has a residual 
moisture content of 2-5% (95-98% total solids). During operation, 
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Table 3.1 Examples of the relationship between spray dryer operating 
parameters and the quality of properties of milk powder 

Operating parameter 

Outlet air temperature high 

Inlet air temperature high 

Degree of atomization high 

Feed total solids high 

Powder property 

Reduced moisture content 
Reduced solubility 
Increased free fat 
Reduced bulk density 
Reduced free fat 
Increased solubility 
Reduced moisture content 
Slightly reduced free fat 
Increased bulk density 

Note: Only one property, moisture content, is entirely controlled by dryer 
operating parameters and in all other cases there is interaction with the 
processing system as a whole. 

control of a number of parameters is required both to ensure consistent 
quality and to produce a powder of the desired physical characteristics 
(Table 3.1; see also Figure 3.7). 

Variants of basic skim milk: powder may be produced using essentially 
the same production techniques. Powders containing casein and/or 
whey protein, for example, may be produced either by co-drying 
concentrated skim milk and a concentrated protein solution, or by 
introducing the dry protein at atomization. The introduction of any 
material after heat treatment carries the risk of microbiological contami
nation and a scraped surface heat exchanger should be used to 
pasteurize the dryer feed unless the microbiological status of the 
additive can be assured. 

(b) Whole milk (full cream) and high fat milk powder 

Whole milk powder has a legally defined minimum fat content which, in 
most countries, is 26% . The basic method of production is similar to that of 
skim milk powder, whole milk being standardized to 3.6% fat before 

• A novel mean of producing both high protein and low protein low heat powder u ing 
ultrafLitration in combination with evaporation concentration has been described. This 
involve the addition of retentate 10 kim milk to produce a high protein product and the 
addition of permeate to produce a complementary low protein product. TIle technology 
may be u ed to tailor powders 10 specific application , in thi example for making white 
sauce for use in frozen meals. (Muir, D.O. et al. 1991.}oumal of the ociety of Dalry 
Technology, 44, 20-3). 
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heat treatment and concentration to 45-50% total solids. The concen
trate is then homogenized and spray dried. The dryer is usually operated 
at inlet and outlet temperatures at the lower end of the range used for 
skim milk to minimize the amount of free fat in the powder. Whole milk 
powder is prone to oxidative deterioration and the preliminary heat 
treatment applied is designed to delay the onset, and reduce the extent, 
of deterioration by production of -SH groups in the milk fat globule 
membrane. Heating also produces -SH groups in the whey proteins and 
this results in cooked flavours considered undesirable in many products. 
Solubility may also be reduced by some heat treatments. Heating in the 
range 85-95°C for several minutes is widely used, but deleterious 
effects may be minimized by heating at higher temperatures such as 
125°C for ca. 20 s. The situation is complicated by the fact that cooked 
flavour and associated flavour perceptions such as creaminess are 
desirable in some applications and for this reason longer holding times 
may be applied. In such cases it is necessary to adjust dryer operating 
parameters to obtain maximum powder qUality. Anti-oxidants such as 
L-ascorbic acid and ascorbyl palmitate are permitted in most countries. 

High fat milk powder is generally accepted as being a product with a fat 
content in excess of 35%. Manufacture involves combining concen
trated skim milk, sodium caseinate and a fat source. The fat source may 
be anhydrous milk fat or a vegetable fat, usually hydrogenated. 

Lecithinization is a process applied to whole milk and high fat milk 
powders to create improved instant qualities. The process involves 
spraying a lecithin/fat solution onto the powder granules either during 
drying in the well-mixed fluidized bed or during flow between the 
well-mixed and plug flow beds. 'Conditioning' takes place in the 
fluidized beds during which coating of the granules is completed. 

In contrast to skim milk powder, which may be packaged for bulk sale in 
simple multi-wall paper sacks with a loose plastic liner, whole milk and 
high fat milk powders require sophisticated packaging to minimize 
autoxidation during storage. Gas packaging in an inert atmosphere of 
nitrogen is highly effective, although expensive and requires the use of 

• An alternative process for manufacture of whole milk powder involves separating the 
milk and applying a heal treatment of 90° for 12 to the cream. The kim milk receives 
a low-heat treatment prior to con entration. Concentrated skim milk and cream are 
recombined before drying, the re u\tant powder having good tabiJiry again ( fat 
autoxidation and very little cooked flavour (Hols, G. and van Mil, P.J.J.M. 1991. 
NetlJerlands Milk and Dairyjollmal, 44, 49-52). 



136 Concentrated and dried milk products 

packaging with barrier properties. Multi-layer laminates incorporating 
metal foil and high density plastic films are most widely used. 

(c) End-product testing 

End-product testing is required for all types of skim milk. Chemical 
analysis is employed to ensure compositional standards are met and that 
functional properties are such that the product is of satisfactory quality. 
Additional tests may be required to ensure that the powder performs 
adequately in its end-use. The prime role of microbiological testing is to 
ensure safety with respect to pathogens, particularly Salmonella. It is 
also required to verify general standards of manufacturing hygiene and 
to ensure the sUitability of the powder for its end-use. This is of 
particular importance in the case of powder for use in infant foods. 

3.2.6 Relation between functional attributes of milk. powders 
and end-use 

Milk powder is multi-functional performing a variety of different func
tions in a variety of different applications. The requirements for use in 
different products vary, however, and cannot be met by a single milk 
powder. For this reason a range of milk powders are produced with 
properties matched to the end-use. 

Proteins are of major importance in determining the functional 
attributes of milk powders. Some applications, such as the manufacture 
of white sauce for use in frozen products, require a powder of high 
protein content, but for other applications, such as chocolate manufac
ture, protein content is not critical. In virtually all applications, how
ever, the properties of the proteins are Significant in determining 
performance. The functional attributes of skim milk proteins include 
water absorption and water binding, foaming, emulsification, solubility, 
viscosity, gelation and colloidal and heat stability. 

End-usage of low-, medium- and high-heat powders is summarized in 
Table 3.2. Ultrafiltration is currently of greatest importance with respect 
to cheese manufacture, for which low-heat powders are required. In this 
context ultrafiltration has the additional advantage of permitting the 
composition of the powder to be modified. The use of ultrafiltration to 
produce a low-heat powder of low calcium content, for example, is 
advantageous in the manufacture of halloumi cheese with good stretch 
and melt characteristics. 
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Table 3.2 The utilization of low-, medium- and high-heat milk powder 

Product 

Reconstituted milk 

Powder type Attributes 

Low/medium heat High solubility, minimal 
cooked flavour 
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and milk drinks 
Recombined evaporated 
milk 

High heat Heat stability, high viscosity 

Cheese 
Ice cream 

Confectionery 

Comminuted meat 

Baked goods 

Low heat Rennetability 
Medium heat Emulsification, foaming, 

water absorption 
High heat Texture modification, 

water absorption 
High heat Emulsification, gelation, 

water absorption 
High heat Water binding, texture 

modification 

Data from Augustin, M. A. 1991. CSIRO Research Quarterly, 51, 16-22. 

Whole milk and high fat milk powders are used where total milk solids 
are required for organoleptic, nutritional or functional purposes_ The 
properties of the fat are of importance in some applications such as the 
manufacture of milk chocolate where a high level of free fat is required 
to maximize the reduction in viscosity of the chocolate mass. This may 
be achieved by co-drying skim milk and cream. The use of vegetable fats 
in high fat milk powder offers advantages over milk fat in terms of 
improved shelf life and better functional properties in products such as 
shortening. 

The high rate of product innovation in the food industry has created the 
demand for a wide range of dried milk products. Improved dryer 
technology means that it has been largely possible to meet this demand, 
but diversification has not been supported by equivalent advances in 
knowledge of the relationship between the properties of milk powders 
and performance. A three-stage approach has been suggested for 
developing skim milk powder for specific ingredient applications which 
is applicable to all types of powder: 

1. Identify the most important functional attributes required in 
specific food applications. 

2. Apply appropriate modification procedures to achieve the 
required functionality. 

3. Evaluate the functional performance of the powder when actually 
incorporated into the specific food product. 
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3.3 CHEMISTRY 

3.3.1 Nutrient status of concentrated and dried milks 

(a) Concentrated milks 

The removal of water increases the dry matter content of milk in 
proportion to the degree of concentration. In most countries, the 
minimum fat and solids contents are legally defined, although there is 
considerable variation. 

Loss of nutrients during processing reflects the extent of heat treatment. 
Evaporation leads to little change in the biological value of proteins and 
the amino acid content is similar to that of the starting milk. There is, 
however, a loss of ca. 20% of available lysine through the Maillard 
reaction. Feeding experiments with rats showed no detectable change 
in protein digestibility. 

Levels of vitamins after evaporation are generally similar to those of 
pasteurized milk. At equivalent dilutions, however, the level of vitamin 
B12 is 17% that of pasteurized milk; B6 , 48%, thiamine 65% and folic 
acid 77%. Sterilization increases losses further and the vitamin levels of 
in-can processed evaporated milk are similar to those of in-bottle 
sterilized (see pages 77-9). 

Enrichment with vitamin C and/or A and 0 is permitted in some 
countries. 

Loss of vitamins continues during storage of canned concentrated milks. 
The extent of loss depends on the storage temperature and can be very 
Significant in countries where high ambient temperatures are the norm. 
Sterilization results in a ca. 20% loss of vitamin C, which is compounded 
by a further loss of ca. 20% during storage at 21 DC and as much as 60% 
at 36DC for 12 months. Losses of other vitamins occur, vitamin B1 and B2 
concentration was reported to fall by ca. 30% during storage for 1 year, 
although storage temperature was not specified. 

(b) Dried milks 

Nutrient levels in dried milks are affected by losses during production of 
the concentrate as well as by those which occur in the drying process. 
The amino acid composition of proteins is relatively unchanged by 
drying and instantizing. Losses of lysine are small in comparison with 
those which occur during preparation of the concentrate, and usually 
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amount to no more than 5% during spray drying. 

Spray drying has relatively little effect on the vitamin content of milk, 
effects being most marked with vitamin B 12 (20 to 30% ), vitamin C (ca. 
20% ) and vitamin B 1 (ca. 10%). Loss of other vitamins is minimal. The 
level of fat soluble vitamins in skim milk powder is, inevitably, low and 
supplementation is practised where such powder is used for infant 
nutrition. 

Nutrient losses during storage are small providing that the relative 
humidity is low, the powders are not exposed to very high ambient 
temperatures and the length of storage is not excessive. Available lysine 
was reduced by ca. 8% during storage of powder at 25 and 37°C for 1 
year, the nutritive value of the proteins being reduced by the same 
order. Losses due to the Maillard reaction become Significant when 
storage is prolonged even when storage temperatures are low. 

Losses of vitamins Bl and C are typically in the order of 10% during 
storage for 2 years, although losses of up to 33% have been reported in 
spray dried milk powder over 40 months' storage. Vitamin C losses are 
reduced by minimizing the oxygen and water vapour permeability of 
the packaging. Light impermeable packaging is also required to prevent 
loss of light sensitive vitamins, especially riboflavin. 

3.3.2 Changes affecting structure and quality 

(a) Influence of preheating 

Thermal load during preheating plays a major role in determining the 
structure and quality of concentrated and dried milks. A large number of 
reactions occur, although the extent to which they proceed depends on 
the severity of the process. The major effects of preheating and the 
consequences for the properties of the subsequent concentrated milk 
are summarized in Table 3.3. 

Whey proteins are sensitive to temperatures in excess of 60°C and are 
converted from the native globular conformation to a random confor
mation which readily permits protein/protein and ion/protein interac
tions. Denatured whey proteins, including ~-lactoglobulin and other 
whey proteins preferentially complex with casein micelles by disul
phide interchange with the K-casein components and by calcium
mediated bonding. This is important in stabilizing whey proteins against 
aggregation and precipitation in heated milk systems. At temperatures of 
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Table 3.3 Changes resulting from preheating 

Change 

Increase in titratable acidity and 
decrease in pH value due to lactose 
degradation and organic acid forma
tion 

Denaturation of whey protein 

Interaction of denatured whey pro
teins with casein micelles 

Aggregation of casein micelles 

Casein dephosphorylation 

Formation of colloidal phosphates 

Maillard reaction between lactose and 
proteins 

Production of activated sulphydryl 
groups 

Consequences 

Possible protein destabilization 

Change in functional properties of 
dried milk powder 

Stabilization against further heating 

Stabilization against further heating 

Stabilization against further heating 
Destabilization if excessive 

Stabilization against further heating 

Loss of available lysine 
Production of brown pigments 
Production of undesirable flavours 

Delay in oxidation of fats 
Development of 'cooked' flavour 

Notes: Italic lettering indicates desirable consequences. In dried milk change in 
functional properties and development of cooked flavour may be either 
desirable or undesirable depending on end-use. 

ca. 90°C the casein micelle : whey protein complex forms aggregates 
with molecular weights in excess of 100 000. Evaporated milk, to be 
in-can sterilized, requires more rigorous pretreatment for stability, the 
heat applied being approximately equivalent to 100°C for 15-20 min. 
Under such conditions casein micelle : whey protein complexes are 
simultaneously aggregated and disaggregated. 

(b) Effect of concentration 

The degree of concentration, the concentration factor (R) may be 
defined as the ratio of the dry matter content (by weight) of the 
concentrated milk to that of the unconcentrated. Concentration has a 
number of effects (Table 3.4) which may be modified by other factors 
such as preheat temperature. The consequence of these changes is to 
accelerate most of the reactions initiated during preheating. The effect is 
limited in evaporated milk where the value of R is rarely greater than 2.5 
(aw level ca. 0.98), but is more pronounced in sweetened condensed 
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Table 3.4 Changes resulting from concentration 

1. Lowering of ~ level 
2. Alteration to physical properties (increase in density and refractive index, 

decrease in thermal conductivity) 
3. Increase in viscosity, liquid becoming non-Newtonian (shear thinning and 

viscoelastic) and then fairly solid as R exceeds 9 
4. Diffusion coefficient decreases 
5. Hygroscopicity increases 
6. Osmotic pressure, freezing point depression and boiling point elevation 

( colligative properties) increase as does electrical conductivity 
7. Thermodynamic activity of solutes increases 
8. Ionic strength increases with a corresponding decrease in the activity 

coefficient of ionic species. This in turn causes an increase in ionization and 
solubility of salts 

9. Dissolved substances become supersaturated and may precipitate 
10. Conformation of proteins may change. Tendency towards formation of a 

compact structure and association increases 
11. Casein micelles increase in size. This is due to coalescence rather than 

swelling and the increase is less if the milk is preheated sufficiently to form 
casein:whey protein complexes 

milk where the value of R (before sucrose addition) usually approxi
mates to 7.0 (a"W level ca. 0.83). 

(c) Other changes during evaporation 

Considerable damage occurs to the fat globule during evaporation. 
Globules are split to form a number of small globules with changed 
surface layers and are highly prone to lipolysis unless inactivation of 
lipases is complete. Evaporation also removes dissolved gases and 
reduces off-flavours by removal of volatiles. 

(d) Heat stability of concentrated milk 

Heating of concentrated (and unconcentrated) milk ultimately leads to 
coagulation and stability is usually defined in terms of the time needed 
to cause visible coagulation of milk at a given temperature; the heat 
coagulation time (HCT). Coagulation of evaporated milk during steril
ization has been recognized as a problem for many years but, until 
recently, the underlying cause has been only poorly understood. 

Early work was largely restricted to studies of the effects of calcium! 
magnesium and citrate/phosphate on the HCT and led to the 'salt 
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balance theory'. This 'theory' permitted the development of the proce
dures still used industrially to control coagulation (see page XXX), but 
did little to explain the mechanisms involved. Subsequently, a 'working 
hypothesis' was developed, based on the stability of colloidal caseinate
phosphate and the changes induced by heating, reaction between 
~-lactoglobulin and the K-casein of the casein micelles being considered 
the most important factor in altering susceptibility to coagulation. More 
recently, a model describing heat coagulation in unconcentrated milk 
has been developed and this has now been extended to concentrated 
milk. 

In the case of milk which has not been preheated and which has an 
initial pH value below 6.5, coagulation occurs as the temperature 
increases during heating. Coagulation appears to be induced by aggrega
tion of denatured serum proteins and depends on calcium and hydrogen 
ion activities. Coagulation of this type cannot occur in preheated milk 
(the commercial situation) since the serum proteins are denatured, 
although the stabilizing effect of preheating is determined by the 
manner and extent of aggregation of the denatured serum proteins 
rather than the denaturation itself. In all preheated concentrated milks 
coagulation is due to the aggregation of casein micelles. Behaviour 
during coagulation is, however, strongly modified by pH value of the 
milk. 

At pH values below ca. 6.5 casein micelles flocculate into voluminous 
irregularly shaped clusters, while in contrast at higher pH values the 
aggregates tend to fuse into compact particles of approximately spheri
cal shape (Figure 3.9). The compact particles become anisometric 
shortly before the HCT. The aggregation rate is determined by the 
colloidal stability of particles and the rate constant( s) of bond forming 
reactions, both of which are significantly affected by pH value. Dissocia
tion of K -casein from the casein micelles proceeds more rapidly at high 
initial pH value and has a profound effect on micellar stability. The 
formation of micellar calcium phosphate-like salt bridges is also highly 
dependent on high initial pH value, since the reaction only occurs 
significantly where casein micelles are K-casein depleted. Other types of 
salt bridge (ionic and Ca2 +-mediated) are less affected by pH value. 
Covalent cross-linking of proteins may also be involved in heat coagula
tion, but requires close contact between specific protein residues. This 
would be promoted by a large heat-induced fall in pH value, or by 
depletion of K -casein from the micelles. 

Heat coagulation time is primarily determined by the rate of particle 
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Figure 3.9 Formation of casein aggregates in concentrated milk. Heat treat
ments: (a) pH 6.33: heat treatment 8 min 45 s, (b) pH 6.49: heat treatment 35 
min and (c) pH 6.81: heat treatment 11 min. Based on data fron Nieuewen
huijse, ].A. et ai. 1991. Netherlands Milk and Dairy Journal, 45, 193-224. 

aggregation and the geometry of the emerging particles, the latter being 
strongly influenced by dissociation of K-casein and the supersaturation 
of calcium phosphates. Protein content is a further major factor 
determining heat stability of low pH value concentrated milk, but not 
that of high pH value. In recently developed models, the relationship 
between HCT and protein content is explained by assuming that flocs 
formed in low pH milk are of a fractal nature, with fractal dimensionality 
of ca. 2.1. Fractal flocs need not become large to cause gelation in a 
concentrated dispersion and only aggregation due to encounters result
ing from Brownian motion can be important. In high pH value milk, it is 
likely that the HCT is determined primarily by the time after which 
aggregates become anisometric and therefore voluminous. This time is 
itself determined by the ratio of the time it takes for two particles to fuse 
to the time elapsing between subsequent aggregation steps. 

The role of phosphate in stabilizing concentrated milk has also been 
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examined. The basic effect of phosphate may be partly explained in 
terms of a pH increase. The overall effect is more complicated, however, 
and not fully understood. Phosphate addition disturbs the existing 
equilibrium between calcium, phosphate and other ions and a new 
eqUilibrium is attained only slowly at 20De. During heating at 120DC a 
continuing association of calcium phosphates with the micelles occurs 
over a period of at least 10 min, while in concentrate without added 
phosphate the association is completed during heating-up. The different 
behaviour in the presence or absence of added phosphate may have 
consequences affecting rates of serum protein association, K-casein 
dissociation and bond formation during the sterilization process. 

(e) Age-thickening and gelation of concentrated milk 

Changes resulting from concentration mean that a tendency to age 
thickening and gelation is a property of all concentrated milk. Particular 
problems are encountered occasionally with canned, sterilized, evapo
rated milk. This is not due to protein breakdown (cf UHT milk, page 
84), but to the formation of a three-dimensional network in which 
aggregated casein micelles are connected by thread-like structures 
(Figure 3.10). Age-thickening and gelation is strongly promoted by cold 
storage of the concentrate before sterilization and this is attributed to a 
physico-chemical transformation of the casein micelles. Age-thickening 
occurs in two distinct stages, the rate being lower at higher sterilization 
heat loads: 

1. Viscosity increases accompanied by 'spotty lump' formation, but 
the milk is still fluid after stirring. 

2. Irreversible gelation accompanied by syneresis and flocculation 
after stirring. 

Age-thickening is also a potential problem in sweetened condensed milk 
and appears also to involve aggregation of casein micelles into a 
three-dimensional network (Figure 3.11)' Heated whey proteins are not 
directly involved, but may promote the development of networks by 
acting as links between adjacent micelles. Whey proteins may also be 
involved in complex formation with fats in whole sweetened condensed 
milk, forming a net-like structure which enmeshes casein. 

A decrease in pH value occurs during age-thickening which increases 
casein/casein interactions and reduces ionization of seryl phosphate 
residues. Both reactions tend to increase gelation, although this may be 
reduced, but not eliminated, by addition of polyphosphates which have 
an affinity for casein. 
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Figure 3.10 Age-thickening of canned, sterilized evaporated milk. Reproduced 
with permission from de Koning, PJ. et al. 1992. Netherlands Milk and Dairy 
Journal, 46, 3-18. 

(f) Factors affecting chemical and physical properties of dried milk 

In addition to its importance in determining the functional properties 
of dried milk, preheating has a major influence on the properties of 
the newly produced powder and on changes during storage. Preheat 
treatments in the range 110°C for 2 min to 120°C for 3 min 
denatured 80-91% of ~-lactoglobulin and 33-45% of (X-lactalbumin, 
but while the extent of denaturation was increased during evapora
tion, there was no further increase on spray drying. Incorporation of 
lactalbumin and lactoglobulin into casein micelles was markedly less 
than the extent of denaturation and not in constant ratio to it. The 
insolubility index of dried milk powder has been shown to be 
adversely affected by increases in time and length of preheat 
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Figure 3.11 Age-thickening of sweetened condensed milk. (a) Before storage. 
(b) After storage at 37°C for 45 days (conditions known to favour gelation). 
Reproduced with permission from Alvarez de Felipe, A.I. et ai. 1991.journai oj 
Dairy Research, 58, 337-44. 

treatment, although one study concerning whole milk powder sug
gested that only length of treatment was significant. Insoluble 
material from powder prepared after high temperature preheating 
contained the higher levels of protein and protein-lactose, while 
soluble material was practically depleted of whey proteins, which 
were utilized for complexes stabilized through disulphide bonds. 

Levels of both hydroxymethylfurfural and -SH groups increase with 
temperature and length of preheating. The production of -SH groups, 
primarily from ~-lactoglobulin, is of particular importance in whole milk 
powder and decreases the rate of autoxidation of fat by reaction with 
free radicals of the unsaturated fatty acids. It is not, however, clear 
whether -SH groups alone, -SH groups and the reductive capacity of the 
milk, or -SH groups in combination with the pH value are responsible for 

• It may appear paradoxical that the insolubility index is used to define solubility. It is, 
in fact, a more logical approach since the parameter measured is the insoluble material 
present, to a greater or lesser extent, in all dried milk. The insolubility index is very 
widely used as an index of quality, although the value is, in some circumstances, arbitrary. 
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anti-oxidative activity. Preheating may produce other anti-oxidants 
including heated casein (which has only a few -SH groups) and lowers 
the redox potential. 

Chemical changes continue during the storage of dried milk powder, the 
rates being governed by storage temperature, moisture content and, in 
the case of autoxidation of fat, the composition of the atmosphere and 
the presence of anti-oxidants. Increases in the insolubility index are 
most marked at temperatures above 20°C and a water content greater 
than 5%. Increases are also greatest when the initial insolubility index is 
high. The mechanism underlying the increase in insolubility is not 
understood, but it is not thought to be either lactose crystallization or 
related to the Maillard reaction. Maillard browning reactions, however, 
continue in dried milk with a water content in excess of 5% and playa 
major role in deterioration of stored powders. 

The rate of fat autoxidation in air is highly temperature dependent, the 
reaction rate doubling with a 10°C rise in temperature. At the same time 
higher temperatures also favour the Maillard reaction, some products of 
which have anti-oxidant activity. The situation is further complicated by 
the influence of llw level, water controlling fat oxidation by hydrogen 
bonding of hydroperoxides or hydration of metal ions and also favouring 
the Maillard reaction. Autoxidation may be prevented virtually entirely 
by reducing the oxygen content of the atmosphere to less than 2% and 
this is usually achieved by replacing air with nitrogen and/or carbon 
dioxide. Autoxidation is also reduced by foam spray drying, or by use of 
a steam jacketed centrifugal atomizer. 

Lactose crystallization is also a common cause of quality loss. Lactose in 
the fresh powder is in a metastable amorphous state and highly 
hygroscopic. This state is maintained providing the llw level is main
tained below 0.43, the moisture content below 8.4% and the storage 
temperature below 20°e. An irreversible transition to the stable crystal
line state occurs if these parameters are exceeded, resulting in quality 
loss through lumping and caking. 

Reconstituted and recombined concentrated milk is subject to both 
heat instability and age-thickening, which may be attributed to the 
properties of the dried milk powder used. High-heat, heat-stable powder 
is required for maximum stability, but there is also an additional 
stabilizing effect of spray drying. This has been attributed to differences 
in salt 'equilibria' rather than denaturation of whey proteins, although 
denatured proteins may undergo a different pattern of aggregation as a 
result of spray drying. 
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Heat-resistant proteolytic enzymes derived from growth of psy
chrotrophic bacteria in the raw milk are partly responsible for age
thickening of recombined evaporated milk and powder used for 
recombining must have minimal activity of these enzymes. 

3.3.3 Chemical analysis of concentrated and dried milk 

(a) Concentrated milks 

Chemical analyses required in production of all types of concentrated 
milk include fat, total solids and protein content. Ash and acidity may be 
required on some occasions and determination of sucrose content is 
necessary for sweetened condensed milk. 

Methods used for liquid milk (Chapter 2, page 85) are generally suitable 
for use with concentrated milks although care must be taken to validate 
instrumental methods. For end-product testing, sucrose is determined 
by polarization before and after acid inversion, but determination of 
refractive index is adequate for process control. 

(b) Dried milk 

Moisture content of dried milk is of major importance, but fat and 
protein content are also determined on a routine basis. Determination is 
also routinely made of the insolubility index, incidence of scorched and 
burnt particles and the bulk density. Titratable acidity relates to both 
composition and quality and is used in some grading systems. Determi
nation of ash, lactose, vitamins (fortified powders) and lecithin (instan
tized powders) are required in some cases and detection of adulteration 
with whey may also be necessary. 

Analysis for fat in full cream powders can cause problems and the 
Rose-Gottlieb method is preferred, protein determination is usually by 
Kjeldahl, although a dye binding technique has been used successfully 
and moisture content is determined by drying. Insolubility index is 
determined by measuring the insoluble material remaining after blend
ing of powder in warm water and centrifuging. The incidence of 
scorched and burnt particles is assessed by filtering blended powder and 
comparing the filter with photographic standards. Bulk density is 
determined by weighing powder into a measuring cylinder, dropping 
the cylinder from 150 mm onto a pad and measuring the bulk density in 
grams per litre. 
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3.4 MICROBIOLOGY 

3.4.1 Concentrated and dried milk as an environment for 
nnicro-org~sms 
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Concentrated and dried milk comprise a spectrum of a-w levels from just 
below that of un concentrated milk (0.98) in unsweetened concentrates 
to the very low levels (below 0.60) in dried milk. Unsweetened 
concentrates will support the growth of all common milk spoilage 
organisms, although those more tolerant of reduced aw levels will be 
marginally favoured. In contrast the ~ level of sweetened condensed 
milk (0.90-0.85) is such that considerable selective stress is applied and 
only osmotolerant micro-organisms, primarily moulds, are able to 
develop. Micro-organisms cannot grow in dried milk although survival 
may be prolonged. 

3.4.2 Concentrated and dried milk and foodborne disease 

Concentrated milks are not considered to be high-risk products pro
vided that the milk receives a heat treatment eqUivalent to pasteuriza
tion. A general risk due to post-process contamination does, of course, 
exist with non-sterile products, while sterilized evaporated milk is 
subject to the same risks as all canned foods with respect to underpro
cessing and seam leakage. 

In contrast spray dried milk powder has been implicated in a number of 
outbreaks of foodborne disease and the widespread use of the product 
in preparing infant food is a particular cause of concern. 

(a) Salmonella 

In recent years Salmonella has been recognized as the major hazard in 
spray dried milk powder. This follows a number of outbreaks in the US, 
Australia and the UK involving several different serovars. Salmonella 

BOX 3.3 Breast is best 

The practice of giving free infant formula in maternity units has 
been widely criticized, especially in developing countries, where 
breast feeding is strongly recommended. In Malaysia, the unsatis
factory microbiological status of infant formula based on dried milk 
has led to an embargo on free samples in maternity units (New 
Straits Times, May 30, 1992). 
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enters dried milk from foci of contamination within the plant where the 
organism is able to persist and, in some cases, multiply over extended 
periods. Examples of possible foci include parts of the powder handling 
system and cracks in the dryer walls. In the outbreak due to S. eating the 
organism is believed to have entered the plant in raw milk, to have been 
disseminated through the internal environment and to have entered the 
insulation material of the dryer via cracks in the wall. A focus of 
contamination was established from which Salmonella entered the 
powder. 

The problems with Salmonella have led to discussion concerning its 
ability to survive the spray drying processes. Results have been variable 
but it appears that survival is possible under at least some conditions. 
The debate is, however, irrelevant: spray drying is not intended to and 
cannot assure safety, the real problem, as noted above, is contamination 
of the plant and its environment. The presence of Salmonella in the 
product stream at any stage after heat treatment indicates the failure of 
control measures. 

(b) Staphylococcus aureus 

Intoxication due to contamination of spray dried milk with staphylococ
cal enterotoxins was identified as a major problem during the 1950s. 
The immediate cause is growth and enterotoxin production by Staph. 
aureus either in the raw milk before heat treatment or, more usually, in 
the concentrated milk before drying. The enterotoxins survive subse
quent processing irrespective of the fate of the organism itself. The 
underlying cause of problems is poor plant design and operation 
permitting product to remain at favourable temperatures for microbial 
growth for extended periods and, in the case of growth in the 
concentrate, poor plant hygiene. Application of good manufacturing 

BOX 3.4 In for a penny ... 

The most recent major outbreak of salmonellosis associated with 
dried milk powder arose from contamination of infant food with S. 
eating and cost the company involved an estimated £22 million. 
This value represented the difference in value between the com
pany before the outbreak and the price obtained at its sale after 
liquidation. The liquidation stemmed directly from loss of con
sumer confidence arising from the Salmonella outbreak. 
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practice has obviated problems due to Staph. aureus in industrialized 
nations, but occasional outbreaks are still reported in developing 
countries. 

(c) Other pathogenic micro-organisms 

The aerobic endospore-former B. cereus is common in spray dried milk 
powder, although normally present only in small numbers. The signifi
cance of this is debatable, some microbiologists believing that there is 
no major health risk, while others believe that a health risk exists but 
only if the reconstituted milk is stored at room temperature for an 
excessive time. Dried milk has been implicated as the source of B. cereus 
in outbreaks involving made-up products such as vanilla slices and 
macaroni cheese, but it seems likely that improper storage of the 
reconstituted products was a contributory factor. The anaerobic 
endospore-former Clostridium perjringens has also been associated 
with food poisoning due to spray dried milk and growth in the made-up 
product again appears to have been a major contributory factor. 

Members of the Enterobacteriaceae other than Salmonella have been 
implicated in foodborne infection associated with spray dried milk. 
These include not only recognized enteric pathogens such as Yersinia 
en terocolitica, but also Enterobacter, a member of the family not 
normally associated with foodborne disease. Enterobacter sakazakii has 
been involved in a number of cases of meningitis in which the vehicle 
was thought to be dried milk. This illustrates the need for special care 
where dried milk is to be used as a base for infant foods and suggests that 
the significance of 'coliforms' in dried milk may need reassessment in 
this circumstance. 

3.4.3 Spoilage microtlora of concentrated milks 

(a) Non-sterile, unsweetened concentrated milk 

The spoilage microflora consists of heat resistant bacteria, which have 
survived processing, and post-process contaminants. Heat resistant 
bacteria are derived from raw milk and numbers in the final product 
largely reflect the numbers in the raw milk. Where control and hygiene 
are poor, however, growth may occur during processing. Bacillus 
species are a common contaminant, while Clostridium may also be 
present, although usually in smaller numbers. Survival of thermoduric 
species of Enterococcus into the finished product depends on the 
severity of preheating. Spoilage of the finished product by thermoduric 
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micro-organisms is usually a consequence of slow cooling, or storage at 
temperatures above 10-12°C. Spoilage patterns vary, but include acid 
and gas production and bitter flavours and thickening due to proteolysis. 

A wide range of micro-organisms may enter the product by post-process 
contamination, but Gram-negative bacteria are most common. Typical 
genera include Pseudomonas and 'environmental' members of the 
Enterobacteriaceae such as Citrobacter and Hajnia. Many of these 
organisms are able to grow at temperatures below 4°C and are dominant 
in the spoilage of correctly refrigerated concentrated milk. Spoilage 
patterns vary, but include acid and gas production, bitterness due to 
proteolysis and, in full cream milks, lipolysiS. 

(b) Canned, evaporated milk 

Canned evaporated (and UHT sterilized, aseptically packaged) milk is 
'commercially sterile' and under normal conditions spoilage occurs only 
where the thermal processing is inadequate, or where post-process 
leakage has occurred. The exception is the spoilage of evaporated milk 
by the thermophile B. stearothermophilus, which is sunbsequently 
exported to hot climates. Under these circumstances B. stearothermo
philus survives processing normally applied. 

Species of Bacillus are most commonly involved in spoilage due to 
underprocessing. Bacillus coagulans, for example, causes an acid 
coagulation and a slight 'cheesy' odour and flavour but is normally only a 
problem where storage temperatures are high. Bacillus megaterium 
causes an acid formation accompanied by gas and a 'cheesy' odour, 
while proteolysis by B. subtilis results in thickening and a bitter taste 
followed by digestion to a brown liquid. Occasional spoilage involving 
gas and H2S production by species of Clostridium occurs, but is very 
rare. 

Many bacteria have been implicated in spoilage due to post-process 
contamination and spoilage patterns reflect the nature of contamination. 
In an unusual case, acid and gas were produced by a co-culture of 
Enterococcus jaecium, a post-process contaminant and B. subtilis 
which had survived processing. Neither organism produced acid and gas 
when grown in single culture. 

(c) Sweetened condensed milk 

Sweetened condensed milk is subject to spoilage by osmotolerant 
yeasts, notably Torulopsis. The organism enters the milk after preheat
ing and the incidence of spoilage has been much reduced by improved 
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hygiene. Growth of the organism is slow, especially at lower ambient 
temperatures, but sufficient gas may be produced to swell the cans. 

Growth of moulds, usually species of Aspergillus and Penicillium, on 
the upper surface of the milk leads to the formation of 'buttons', small 
aggregates of mycelium and coagulated casein. The presence of mould is 
accompanied by off-flavours due to proteolysis. The fault is associated 
with poor plant hygiene and exacerbated by a large head space 
containing sufficient oxygen for excessive growth. 

Most bacteria are unable to grow in sweetened condensed milk, but 
bacterial spoilage occasionally occurs, especially when the sugar con
tent is relatively low. Many genera have been implicated, but the 
relatively osmotolerant Micrococcus and Bacillus are most common. 
Typical spoilage patterns involve thickening, acid production, proteoly
sis and, in full cream products, lipolysis. Members of the Enterobacteri
aceae have also been implicated in the spoilage of bulk, low sugar 
condensed milk and produce acid and gas. 

3.4.4 Microflora of dried milk. powder 

The microflora of dried milk powder depends on many factors including 
the number and types of bacteria in the raw milk, temperature of 
preheating, plant hygiene and dryer operating conditions. High numbers 
in the raw milk tend to be reflected by high numbers in the milk 
powder, especially if the raw milk microflora contains large numbers of 
thermoduric organisms. A general relationship between numbers in the 
raw milk and the powder has been established, raw milk counts in 
excess of 105 cfu/ml often resulting in counts in the powder of more 
than 104 cfu/g. 

Both 'coliforms' and Escherichia coli are of indicator significance in 
dried milk since none are thermoduric and their presence indicates 
either gross underheating, or post-process contamination. Escherichia 
coli does not, however, have index Significance with respect to faecal 
contamination since the organism is a cause of mastitis and may be 
present in milk. 

A wide range of thermoduric micro-organisms have been isolated from 

• There i evidence that a high 'coliform' count in the raw milk leads to the development 
of off· flavours during the storage of whole milk powder, even if number of 'coHforms' in 
the powder are very small. The mechanism for this is not known. 
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dried milk powder including Bacillus, Enterococcus and Alcaligenes 
tolerans. Actinomycetes of the genera Tbermoactinomyces and 
Micromonospora have also been recovered. 

3.4.5 Microbiological methods 

(a) Non-sterile, unsweetened, concentrated milk 

Media and methods used for pasteurized milk products are suitable (See 
page 98), although high viscosity products require an initial gravimetric 
dilution rather than a volumetric. 

(b) Canned, evaporated milk 

Canned evaporated milk is usually incubated at 25 or 30°C or, if 
intended for export to hot climates, 37 or 55°C for 2-3 weeks. It is not 
sufficient to rely on gas formation and can swelling as an indicator of 
non-sterility. Cans should be opened under aseptic conditions and 
samples streaked onto general purpose media such as nutrient agar for 
aerobic bacteria (dextrose-tryptone agar is more suitable for thermo
philic bacteria) and blood agar (incubated under anaerobic conditions) 
for anaerobic bacteria. The process of 'auto-sterilization' may mean, 
however, that viable organisms cannot be recovered and visual examina
tion (but not tasting) and determination of the pH value are valuable 
supplementary examinations. 'Auto-sterilization' is usually only a prob
lem after short-term storage when incubation has been at 55°C, but is a 
common phenomenon when investigating complaints of spoilage after 
prolonged storage. 

Full identification of any bacteria recovered is not usually necessary 
unless a public health risk is suspected. Simple tests should be applied to 
distinguish between non-endospore-forming bacteria, whose presence 
indicates post-process contamination and endospore-forming bacteria, 

• Actinomycetes are rare in dairy products, although isolations have been made of 
Tbermoacttnomyces from both raw and pasteurized milk. Thermoactinomyces consi ts 
of branched and septate hyphae With an aerial mycelium of variable extent. The organism 
may be isolated from soil and self· heating, decaying vegetable material such as mouldy 
hay. It has been implicated as a causatjve orgarusm of 'humidifier fever', associated with 
growth in air·conditiorung systems and may playa secondary role in 'farmers' lung'. 
Micromonospora consist of fragmentary, branched and septate hyphae and only rarely 
has a sparse aerial mycelium. The organism i one of a number of actinomycetes wruch 
have become adapted to aquatic habitats and its life cycle includes a motile stage. 
Mfcromonospora has been isolated from stored river water and may be able to colonize 
water di tributlon systems within manufacturing plants. 
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whose presence indicates probable underprocessing. 

( c) Sweetened condensed milk 

For most purposes media and methods used for pasteurized milk are 
satisfactory for sweetened condensed milk (see page 98), although 
gravimetric dilution is required initially and dispersion on dilution is 
facilitated by the addition of 1.25% sodium citrate to the dilution blank. 
Yeasts and moulds should also be enumerated, high sugar content media 
such as osmophilic yeast agar are not required and a standard medium 
for foodborne yeasts and moulds, such as Rose Bengal-chloramphenicol 
medium, is usually satisfactory. 

(d) Dried milk 

Methods used for milk (see page 98) may readily be adapted for 
determination of 'total' viable count and 'coliforms' in dried milk. 
Salmonella may be determined using classical cultural techniques 
(Figure 3.12). Pre-enrichment is necessary to recover stressed cells and 
the inclusion of 0.01% malachite green in the buffered peptone water 
used as enrichment medium is recommended to avoid overgrowth of 
Salmonella. Atypical biovars of Salmonella which are both lactose
positive and H2S-negative are relatively common in dried milk and both 
typical and atypical colonies developing on selective isolation medium 
should be subject to confirmatory testing. 

Staphylococcus aureus in dried milk is also stressed, but collaborative 
studies have shown that direct plating onto Baird-Parker medium is a 
satisfactory method of enumeration. The absence of Staph. aureus does 
not, however, assure the safety of dried milk since the enterotoxin may 
be present. Routine testing for enterotoxin has been practised by some 
manufacturers in the past, but is neither considered necessary, nor a 
substitute for good manufacturing practice. The determination of ther
monuclease as an indicator of the likely presence of enterotoxin is a 
possibility, but does not appear to have been widely used (cf cheese, 
page 341). 

Many standards applied to dried milk include thermoduric organisms. 
Two alternative methods may be applied, heat treatment at 74°C for 
15 s or 63°C for 30 min, prior to plating and incubation at 30°C for 48 h. 
Results obtained by the two methods are not directly comparable and 
the heat treatment to be used must be specified. 
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Figure 3.12 Protocol for the isolation of Salmonella from dried milk. 
Rappaport-Vassiliadis broth is the medium of choice in many foods. This 
medium requires incubation at 41°C and may not be suitable for salmonellas of 
dairy origin. 1 Media such as hektoen enteric agar may be used in place of 
Salmonella·shigella agar. 2 It is usually possible for an experienced microbiolo
gist to differentiate lactose+, H2S- strains of Salmonella from non-salmonellas. 

The use of microbiological testing as a control measure in production of 
dried milk has created a demand for the application of rapid methodol
ogy. Electrical techniques including impedance and conductance 
appear to be most widely applied for assessment of the overall microbio
logical status and have also been applied to detection of Salmonella. 
Enzyme immunoassays for detection of Salmonella after a short cultural 
stage have been recommended for application to dried milk, but are not 
widely used. 
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EXERCISE 3.1. 

Your company wishes to produce a low-calorie milk product 
resembling sweetened condensed milk in terms of taste and 
viscosity. Consider the possible approaches to the following: 

1. Matching the organoleptic properties of the new product to 
that of conventional sweetened condensed milk. 

2. Ensuring the microbiological safety and stability of the new 
product. 

Design a programme to compare and evaluate the commercial 
viability of two new formulations, one suitable for ambient tem
perature storage, the other requiring refrigeration. 

EXERCISE 3.2. 

Some microbiologists have suggested that monitoring of produc
ing farms is a necessary part of pathogen control procedures in 
production of spray dried milk powder. Discuss the difficulties 
implicit in establishing and operating such a monitoring system. 
Do you consider that monitoring would significantly increase the 
safety of spray dried milk powder, given that no practical system 
can be 100% effective? 

EXERCISE 3.3. 

You have recently been appointed as Development Technologist 
of a company producing a range of spray dried milk powders for 
ingredient use. A major customer is unhappy with the perfor
mance of a powder supplied as an ingredient of speciality bakery 
goods (breads and related products). A preliminary investigation 
showed that improved performance was obtained when the 
preheat treatment currently applied was reduced slightly. Optimal 
conditions of time and temperature had not, however, been 
established. 

Draw up an outline programme for developing a suitable powder 
and testing its performance in use over the range of seven bakery 
goods the customer produces. 
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During the course of your investigations it becomes apparent that 
the temperature control device fitted to the preheater is of 
inadequate performance and permits an unacceptable degree of 
variation in the heat treatment applied. Replacement requires a 
Significant capital expenditure which your management wishes to 
avoid and the managing director has stated, from the depths of his 
ignorance, that variations in the preheat treatment may be over
come by adjusting the operating temperatures of the evaporator. 
Consider the technical, chemical and financial implications and 
prepare a report refuting ( or supporting) this statement. 

EXERCISE 3.4. 

Microbiological examination was undertaken of cans of full cream 
evaporated milk spoiled by acid formation, accompanied in a 
minority of cases by gas. Examination was restricted to colony 
counts, made using the pour plate method with nutrient agar as 
medium and incubation at 37°C, and a direct microscopic exami
nation using a conventional light microscope. Colonies of a 
Gram-positive endospore-forming rod-shaped bacterium were iso
lated from two of 25 cans examined, but microscopic examination 
showed large numbers (more than 106 Iml) of rod-shaped bacteria. 
There was disagreement over the presence of endospores. 

Do you consider the examinations made, and the methods used, to 
be adequate in the investigation of a potentially serious spoilage 
problem? Consider alternative and/or additional examinations 
(not necessarily microbiological). What technical data concerning 
plant operation would be required to enable you to complete your 
investigations? 
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DAIRY PROTEIN 

PRODUCTS 

OBJECTIVES 

After reading this chapter you should understand 
• The nature of the different types of dairy protein products 
• The processing used in their preparation 
• The modification and fractionation of dairy protein products 
• The functional properties of dairy protein products and their use as 

ingredients 
• The nutritional properties of dairy protein products 
• Microbiological considerations associated with production of dairy 

protein products 

4.1 INTRODUCTION 

Dairy protein products are whey proteins and caseins which are 
generally considered as by-products. Sophisticated processing methods, 
however, are available to increase the value of the proteins as both 
nutritional and functional ingredients and many protein products have 
become of considerable importance in their own right. 

Whey is the watery component removed after the setting of the curd in 
cheese manufacture. Direct use of whey as an animal feed is possible 
where farm and creamery are closely integrated, but in many cases this 
is not feasible. Many options exist for the processing of whey (Figure 
4.1), but choice is, inevitably, dictated by economics. 

Whey is generally classified as sweet, medium-acid, or acid depend
ing on the titratable acidity and pH value. This in turn depends on the 
type of cheese making from which the whey is derived (Table 4.1). 
Whey contains, on average, 65 g/kg dry matter comprising 50 g 

A. H. Varnam et al. (eds.), Milk and Milk Products
© Alan H. Varnam and Jane P. Sutherland 1994
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BOX 4.1 Sometimes I go about and poison wells 

Disposal of whey has been a problem to the cheese industry for 
many years and disposal by dumping led to some serious incidents 
of pollution of rural waterways before the introduction of preven
tative legislation. Whey dumped into disused mineshafts has also 
entered water-bearing sub-strata and led to pollution of wells many 
miles distant. Examples of instances which had a major economic 
impact include pollution of a borehole supplying a poultry pro
cessing plant and of an artesian well supplying a brewery. 

Whey 

, t 

Fe,meO:::b",",e ~.--____ p_rO_C .... I_S_in_g ___ ...,+ 

Whey Dried 
protein whey 

concentrate powder 
I I 

Compositional Compositional 
modifications modifications 

Figure 4.1 Whey processing options. 

~ 
Direct 
animal 
feeding 

lactose, 6 g protein, 6 gash, 2 g non-protein nitrogen and 0.5 g fat. 
The protein fraction contains ca. 50% B-Iactoglobulin, ca 25% 
a-lactalbumin and ca. 25% of other proteins including immunoglobu
lins, proteose-peptone, bovine serum albumin and B-casein. Each of 
these has different characteristics (Table 4.2). Considerable variation 
in composition may occur depending on the milk supply and the 
nature of processing. 

Casein is the principal protein in cows' milk and milk skimmed to 
provide cream of 40% fat, the starting point for casein manufacture, 
contains between 25 and 31 kg/I casein protein, representing 
75-80% of skim milk nitrogen. The functional properties are summar
ized in Table 4.3. Casein has been extracted commercially since the 
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Table 4.1 Types of whey 

Sweet whey Titratable acidity 0.1-0.2%, pH value 5.8-6.6 
Derived from rennet-coagulated cheese such as 
Cheddar and from rennet casein manufacture 

Medium-acid whey Titratable acidity 0.2-0.4%, pH value 5.Q.....5.8 
Derived from fresh, acid cheese such as Ricotta and 
cottage cheese 

Acid whey Titratable acidity 0.4%, pH value <5.0 
Derived from fresh, acid cheese and from acid casein 
manufacture 

Table 4.2 Characteristics of different whey proteins 

Beta-lactoglobulin Heat labile Dominates functional properties 

Alpha-lactalbumin Slightly heat labile Concentrates solubility, 
gelation, whipping and 
emulsification 

Proteose-peptone Heat stable Surface active, enhances 
whipping 

Immunoglobulin Very heat labile Enhances gelation 

Bovine serum albumin Heat labile Binds lipids 

Soluble casein Heat stable Modifies functionality 

Based on Marshall, K. R. and Hooper, W. J. 1988. Bulletin of the International 
DairyPederation, 233, 21-7. 

Table 4.3 Functional properties of caseins 

Water binding 
Viscosity and gel formation 
Fat emulsification 
Whipping and foaming 
Texturization 

early part of the 20th century and is classified as rennet casein or acid 
casein according to the means of preparing the casein curd. Acid 
casein may be further classified according to the acid used; lactic 
acid, produced by growth of starter micro-organisms, hydrochloric or 
sulphuric acid. More recently acid casein has been produced using 
ion exchange resins to lower the pH value. 
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4.2 TECHNOLOGY 

Technological operations in the processing of milk proteins vary in 
complexity from relatively simple operations, such as concentration, to 
sophisticated fractionation and modification techniques. 

4.2.1 Whey protein products 

(a) Concentrated whey and whey powder 

Concentrated whey and whey powder are the oldest types of whey 
products. Processing is outlined in Figure 4.2 and compositional proper
ties of the main types listed in Table 4.4. 

Unprocessed whey supports microbial growth, especially when the pH 
value is relatively high. Care must be taken to minimize contamination 
and the whey is held under refrigeration for a strictly controlled period. 
Whey derived from cheese manufacture contains large numbers of 
starter micro-organisms and these must be destroyed by heat treatment. 
The use of anti-microbial compounds to prevent whey spoilage has been 
suggested, examples being benzoic acid (with pH value adjusted to 
3.0-4.2), hydrogen peroxide, propionic acid and sorbate. In many 

Lactose 
crystallization 

lactose -4 
Reconcentration 

t 
Drying 

Unprocessed whey 

t 
Heat treatment 

t 
Clarification 

t 
--.... ~ Whey cream 

Concentration ---I.~ Concentrated whey 

! t 
Drying Demineralization 

t 
Drying 

DELACTOSED WHEY WHEY POWDER DEMINERALIZED 
WHEY POWDER POWER 

Figure 4.2 Production of whey protein products. 
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Table 4.4 Composition of different whey powders 

Fat ( % ) Protein (%) Lactose (%) Ash (%) 

Whey powder 1.1 12.9 74.5 8.5 

Partially demineralized 2.0 15.0 78.0 
whey powder 

Partially delactosed 1-4 16--24 60 11-27 
whey powder (maximum) 

countries, however, the addition of anti-microbial compounds to whey 
is not permitted. 

Clarification is an important part of whey processing and is of particular 
significance with respect to the preparation of concentrates by ultrafil
tration. In this case even small amounts of lipid lead to membrane 
fouling and have an adverse effect on the functional properties of the 
finished product. The traditional means of clarification is by centrifuga
tion, but alternative methods have been proposed, including the use of 
anionic precipitating agents, microfiltration and demineralization fol
lowed by sedimentation of aggregated material. 

Concentration may be used either as the initial stage in the production 
of whey powder or for production of concentrated whey. Concentrated 
whey with a solids content of 30% is becoming an increasingly popular 
source of protein in manufacturing operations. Falling film evaporators 
with mechanical vapour recompression (MVR; see Chapter 3, pages 
109-10) are the most common means of concentration and offer high 
thermal efficiency and minimal heat load. Reverse osmosis (RO) is an 
alternative which does not involve denaturation of whey proteins. The 
overall operating cost of MVR evaporators and RO is similar for 
large-scale operations, but in small-scale optimum efficiency is obtained 
by concentrating to ca. 25% by RO and finishing by MVR evaporation. 

Roller drying has been used for the preparation of whey powder but 
results in a poor quality product and spray drying is now more common. 

• Concentrated whey is not helf- table and nonnalJy requires refrigerated storage. 
helf·Ufe is only 2-3 days at S-S·C and thi limits the use of the product, especially in 

warm countries with only limited refrigeration capaciry. A method of preparing a whey 
stable at ambient temperatures has been developed which may be applied both to 
conventional and lactose-hydrolysed rypes. Preparation involves adju trnent of the pH 
value to 5.0 and addition of potassium sorbate and/or calcium propionate (Letras, M.e. et 
al. 1991. Food cience and Technology, 24, 12-16). 
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The high lactose content of whey presents a major problem since rapid 
drying of lactose containing solutions results in a high proportion of the 
<x-lactose being in the highly hygroscopic anhydrous form. Moisture is 
rapidly absorbed as the anhydrous <x-lactose converts to the monohy
drate with resultant caking and lumping. Modern manufacturing pro
cesses are designed to overcome this problem by ensuring that most of 
the <x-lactose exists as the monohydrate before drying is completed. This 
may be achieved either by holding the concentrate before drying to 
allow crystallization of <x-lactose to occur, or by using a similar process 
to instantization of dried milk (see page 127) and thus forming the 
monohydrate before completion of drying. The most satisfactory system 
is to introduce crystallization stages both before and after drying 
(double crystallization). Problems are also caused by a high lactic acid 
content which also leads to a highly sticky and hygroscopic product. 

Crystallization is also used in the traditional process for extracting 
lactose from whey. Whey is concentrated to 58-62% by evaporation at 
a maximum temperature of 70°C. Lactose nucleation and crystallization 
are then induced by controlled cooling and seeding. Lactose crystals are 
separated from the mother liquor by decanter centrifuge, washed and 
dried. The mother liquor is reconcentrated and spray dried as delac
tosed whey powder. 

Whey powder has a high mineral content and for use in infant 
formulations demineralization is necessary. Demineralization also has 
advantages in general food use. The process is, however, expensive, the 
cost approximating to that of spray drying, and can only be justified if 
the product commands a proportionately high price. 

Two well established methods, ion exchange and electrodialysis, are 
available for demineralization. The properties of whey demineralized by 
the two methods differ as a consequence of the different selectivities. 
Ion exchange is relatively non-selective and removes both mono- and 
polyvalent ions, while electrodialysis is more dependent on ionic 
mobility and preferentially removes monovalent ions. Ion exchange 
permits virtually 100% demineralization, while the upper limit for 

• Electrodialysis equipmcnI consl ts of sets of paired membranes, each of which has whey 
passing on one side and water passing on the other. A direct current I appUed, one 
membrane in each pair functioning as an anode and attracting negatively charged ions 
(anions), while the other functions as a cathode and attracts po itive1y charged ions 
(cations). The membranes are porous to both anions and cation . which pass into the 
water. 
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economic use of electrodialysis is ca. 90%, with 50-60% demineraliza
tion being more viable. Ion exchange is of low capital cost, but 
throughput is limited and the process is particularly suited to small 
plants requiring a high level of demineralization. A further disadvantage 
is that, while both processes produce large quantities of effluent, those 
produced from column regeneration are highly acid or alkaline and 
require special handling. Electrodialysis is most suited to high through
put plants in areas where electricity is cheap and where only a low level 
of demineralization is required. In other circumstances requirements 
may be best met by using electrodialysis for the first stage of the process 
and finishing by ion exchange. 

Attempts to improve ion exchange techniques have largely concen
trated on facilitating resin regeneration. In the SMR process, cations in 
the whey are exchanged for ammonium ions and anions for bicarbonate. 
The resulting ammonium carbonate is evaporated from the whey as 
ammonia, CO2 and water, more than 80% being recovered for regener
ating resins and thus reducing effluent problems. Free ammonium levels 
in the product are less than 0.25% . Alternatively Sirotherm ™ resins may 
be used, which are regenerated by warm water. Difficulties may arise 
due to the high levels of Ca2+ ions in whey and to the low ion exchange 
capacity of the resins. 

Ultraosmosis (nanofiltration) offers an alternative means of partial 
demineralization of whey. The process is very similar to reverse osmosis 
but is operated at lower pressures (0.3-0.4 MPa). The membrane is 
slightly porous permitting passage of water and monovalent ions. 

In contrast to the US which has abundant supplies of corn syrups, a 
market in Australia, New Zealand and, possibly, Europe exists for 
lactose-hydrolysed products including whey and derivatives such as 
permeates from reverse osmosis. Currently used techniques involve 
hydrolYSiS of lactose by the enzyme B-galactosidase (derived from 
micro-organisms such as Kluyveromyces lactis), which may be utilized 
in a number of ways (Table 4.5) and acid hydrolYSiS at high temperature . 

• A large uJuaosmosis in tallation at me Murray Goulburn Co-Operatjve Dairy in Australia 
has 70-75% permcabiJily for Na+, K+ and CI - ions, but only 5-10% permeability for 
ea2+, Mg2+ and PO :z,... ions. A with reverse 0 mo i ,effective cleaning of me membrane 
is an essential part of the operation, the cleaning procedure involving daily enzyme and 
alkali cleaning and a citric acid wash at least every 2 days. Itrao mo is may be combined 
wim ion exchange where high levels of demineralization are required (Sanderson, W.B. 
1991. CSfRO Pood Research Quarterly, 51, 29-31 ). 
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Table 4.5 Manufacture of lactose-hydrolysed whey products 

1. Single use enzymes 
2. Ultraftltration 1 

recover enzymes by ultrafiltration 
immobilize enzymes close to ultrafiltration membrane by pressure

induced flow regimen 
use UF equipment as an enzyme reactor 

3. Immobilized enzyme systems2 

1 Ultrafiltration is possible only with protein-free substrates. Whole whey must 
be separated by ultraftltration, the permeate treated and recombined with the 
retentate. Such a process is probably too complex and expensive for commer
cial use. 
2 Immobilized enzyme systems have greatest potential and may be used both for 
whole whey and permeate. 

Acid hydrolysis involves reduction of the pH value to ca. 1.2, either 
using direct addition of acid or by ion exchange, followed by heating at 
up to 150°C. Acid hydrolysis is only suitable for protein-free material 
(permeates ). 

After hydrolysis, the whey is concentrated to 72% by thermal evapora
tion. Precise control of temperature is required to minimize damage to 
proteins and to avoid initiation of the Maillard reaction. Although 
lactose-hydrolysed whey is primarily used as a source of protein, the 
syrup (sweet dairy concentrate) has humectant properties valuable in 
baked goods. These are a consequence of the colligative properties of 
glucose and galactose. 

(b) Whry protein concentrates and isolates 

Whey protein concentrates are manufactured by ultrafiltration of clari
fied whey. Water is removed as permeate together with some of the 
lactose and minerals. Ultrafiltration is capable of concentrating protein 

• Partially demineralized, lactose· hydrolysed whey has been proposed as a cheap 
replacement for sweetened condensed milk in the manufacture of toffee and hard 
caramel confectionery. Use has been Limited, however, by the lack of casein and a 
different sugar profile (sucrose and lactose in sweetened condensed milk, glucose and 
g;tIactose in lactose·hydrolysed whey). More recently, lactose-hydrolysed wbey bas been 
tailored for toffee and caramel manufacture by addition of casein and sucrose to the siIJIle 
level as sweetened condensed milk. Sweetened condensed milk may be directly replaced 
by NovameiThl , in which the lower total casein level is compensated for by the superior 
functionality of sodium caseinate compared with micellar casein. Use of Novamel also 
avoids problems of graininess due to lactose crystallization and gives a smooth texture 
and rich flavour. The higher water binding and humectant qualities minimlze problems of 
water migration in two·phase sy tern uch as wafer bars. 
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Table 4.6 Modification of the functional properties of whey protein concen
trates 

Preheat treatmene 
Heating at any other stage 
Replacement of calcium ions with sodium, or other, ions l 

De-ionization 
Source of whey 
Protein contene 
lipid content 

1 Of greatest commercial importance. 

to 65 % (dry matter), but some of the lactose and minerals remain in the 
retentate. These may be removed by diafiltration involving dilution of 
the retentate with water. By this means a protein concentration of 80% 
(dry matter) may be obtained. Processing can be varied to produce 
concentrates with a very wide range of functional properties (Table 
4.6). In most cases, however protein content is the most important 
factor determining end-usage. 

Whey protein concentrates are available either as a concentrated 
solution, or as a dried powder. In the latter case it is necessary to raise 
the solids content from ca. 30% to ca. 60%. Reverse osmosis, vacuum 
evaporation, or a combination of the two processes may be used. 

The permeate from ultrafiltration may be used in a number of ways 
including as fermentation substrate. Drying to produce a permeate 
powder is possible, but the high lactose and mineral content means that 
production of a high quality product is very difficult due to burning and 
production of sugar glasses. A more common use of permeate is as a 
source of lactose. Ion exchange demineralization may be used to 
prepare a crude lactose syrup, but demand for this type of product is 
low. Alternatively lactose may be extracted by crystallization. 

Manufacture of whey protein isolates exploits the fact that whey 
proteins are amphoteric molecules, which may be considered as 

• lsoelectric precipitation i the basi of an alternati e mean of recovering prOiein from 
whey. This technique cannot normally be used because of the high solubility of whey 
prOlein even at the i oelectric point. Thi problem may, however, be overcome by 
paniaJ ulphitoJysis (ca. 25-40%) of disulphide bonds using sodium ulphi te and a solid 
state copper carbonate catalyst. The pH value i then adjusted to 5.0 when 70-80% of the 
proteins precipitate. Copper pre em in the precipitate may be removed by extraction 
with EDTA at pH 4.5. 
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charged ions. At pH values below the isoelectric point, whey proteins 
have a net positive charge and behave as cations, while at pH values 
above the isoelectric point, whey proteins have a net negative charge 
and behave as anions. In either case the proteins may be adsorbed onto 
the corresponding ion exchanger, media with suitable pore sizes and 
surface characteristics having been developed for recovery of proteins 
from dilute solutions. Two major processes are in use; the Vistec™ and 
the Spherosil(TM). 

The Vistec(TM) system uses a cellulose-based ion exchanger in a stirred 
tank reactor. This operates as a cation exchanger and the initial stage of 
the process involves adjustment of the pH value of the whey to below 
4.6 before pumping into the reactor and stirring to allow adsorption of 
protein onto the ion exchanger. Lactose and other non-protein materials 
are then eluted with water and the pH value of the proteins then raised 
to above 5.5 with alkali to permit removal from the ion exchanger. 
Purification and concentration of the eluted proteins by ultrafiltration is 
an essential step before evaporation and spray drying to yield a whey 
protein isolate of 95% protein concentration. 

The Spherosil(TM) process uses either Spherosil S(TM) cationic 
exchanger or Spherosil QMA (TM) anionic exchanger. In each case the 
ion exchange resin is situated in a fIxed bed column reactor. Acidifted 
whey (pH < 4.6) is applied to Spherosil S and sweet whey (pH 5.5) to 
Spherosil QMA (TM). The fractionation cycle in each case is similar to that 
of the Vistec(TM) system, except that the release of proteins from 
Spherosil QMA(TM) involves lowering the pH value. Ideally the 
Spherosil(TM) process produces an isolate of 85% protein concentration. 
Isolates have superior functional properties to whey protein concen
trate, but the processes suffer from a number of serious problems 
including high cost (Table 4.7). Functional properties such as foaming 
are affected by pH value and any heat treatment applied and these 

Table 4.7 Problems associated with ion exchange processes for isolation of 
whey proteins 

1. Expense of purifying and concentrating dilute eluate fraction 
2. Difficulties and expense of disposing of large volumes of effluent consisting 

of chemical solutions, rinse water and deproteinized whey 
3. Low throughput due to long time required to complete each fractionation 

cycle 
4. Microbial contamination of reactor and associated problems of hygiene and 

sanitation 
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parameters must be carefully controlled. Unfortunately no single set of 
processing conditions is ideal for all functional properties. 

(c) 'Lactalbumin' 

Traditional 'lactalbumin' is the protein precipitated when whey is 
heated at acidic pH values. The exact precipitation conditions used in 
commercial practice vary according to the type of whey and the 
properties required in the final product. Whey, which may be precon
centrated, is acidified either by addition of acid or by cation exchange, 
the latter process also partially demineralizing the whey. The precipitate 
formed on heating is recovered by various settling and decanting 
procedures, centrifugation or vacuum filtration. Washing may be used to 
reduce the mineral and lactose content before drying in fluidized bed, 
spray or roller dryers. Such techniques permit the recovery of'lactalbu
min' containing up to 90% protein. 

(d) Whlry protein fractions 

Thermal fractionation of whey can be used to prepare two fractions -
the alpha fraction, consisting of ex-lactalbumin, phospholipoproteins, 
serum albumin, immunoglobulins and enzymes and the beta fraction, 
consisting of ~-lactoglobulin and casein-derived peptides. The specific 
functional properties of each fraction are superior to those of whey 
protein concentrates or isolates (see pages 176-7). 

The fractionation procedure (Figure 4.3) exploits the fact that at a pH 
value of ca. 4.2 and a temperature of 55-65°C, ex-lactalbumin and other 
components of the alpha fraction have minimum solubility, while the 
solubility of ~-lactoglobu1in and casein-derived peptides remains virtu
ally unchanged. Separation of the two fractions under these conditions 
is, therefore relatively straightforward. 

Further fractionation to yield individual proteins is possible, although in 
some cases a large-scale industrial market has not yet been established. 
Alpha-lactalbumin differs from most proteins in that thermal denatur
ation is reversible and this property enables native ex-lactalbumin to be 
recovered from the alpha-fraction. Alpha-lactalbumin, denatured during 
the thermal fractionation procedure used in preparation of the alpha
fraction is restored to the native form by cooling at pH 7.0. The 
resolubilized ex-lactalbumin may then be separated from the significantly 
larger lipoproteins by microfiltration. 
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Figure 4.3 Thermal fractionation of whey proteins. 

4.2.2 Casein and caseinates 

(a) Casein 

BETA - FRACTION 

The basic principle of casein production is the same in all cases (Figure 
4.4), but major differences occur in the means of producing the casein 
curd. In the case of rennet casein, the underlying mechanism is identical 
to that ofthe production of cheese curd (see pages 322-4) and depends 
on the unique sensitivity of the Phe lOS-Met106 bond of K-casein to 
hydrolysis by acid proteinases, the active components of rennet. Rennet 
is added to skim milk at ca. 29°C and held for 1 h, steam is then injected 
to raise the temperature to 55°C to 'cook' the clot before separation of 
whey. All other types of casein are produced by isoelectric precipita
tion. Manufacture of mineral acid casein involves mixing pasteurized 
skim milk with dilute (O.5N) hydrochloric or sulphuric acid to lower 
the pH value to ca. 4.6. The mixture is heated to ca. 50°C by steam 
injection and then remains for a short period in a cooking pipe and 
'acidulation' vat before separation. 

Adjustment of the pH value to the isoelectric point by use of ion 
exchange resins involves mixing pasteurized skim milk with cation 
exchange resin, in the hydrogen form, in a reaction column at below 
lO°e. This results in the pH value falling to ca. 2.2, untreated skim milk 
is then added to raise the pH value to 4.6, before heating to 50°C and 
separation. 

Acidification of milk in the manufacture of lactic rennet involves the 
addition of a starter culture, usually a sub-species of Lactococcus lactis, 
and incubation at 22-26°C for ca. 14 h. The mixture is heated to 60°C 
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Skim milk 

• Pasteurize 1 

• + Isoelectric precipitation + Rennet 
clot 

! 
Ion exchange Lactic 
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Figure 4.4 Manufacture of the various types of casein. 1 Milk for manufacture 
of rennet casein for non-food use is not pasteurized. 

and curd particles formed, which remain in contact with the whey to 
permit agglomeration and the initiation of syneresis. The casein curd is 
separated from the whey by drainage and washed several times with 
water. After washing the curd is mechanically dewatered by pressing or 
by centrifugation. It is economically important to remove as much water 
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as possible at this stage to minimize energy costs during the drying stage 
which follows dewatering. Fluidized bed dryers are popular in some 
countries, but roller dryers and spray dryers are also used. 

Following drying the casein granules are cooled in a 'tempering' process 
which involves the pneumatic circulation of material through several 
bins to achieve equilibration of water throughout the different sized 
particles. The casein particles are then ground in either roller or pin-disc 
mills, graded in size by screening and packed into sacks. In more 
modern plants drying and grinding are often combined into a single 
operation by attrition drying. 

(b) Caseinates 

Caseinates can be produced from either fresh, acid casein curd or dried 
acid casein by reaction with one of several dilute alkalis under aqueous 
conditions. The caseinate solution resulting is then dried to a moisture 
content of 3-8%. Fresh, acid casein curd is normally used as starting 
material in casein-producing countries and is considered to yield a 
caseinate of blander flavour than dried acid casein. The use of casein 
curd is also economically advantageous since the additional costs 
associated with production of dried casein are avoided. 

Sodium caseinate is the most widely produced and is usually made by 
reaction with 2.5 M sodium hydroxide used at 1.7-2.2% (Figure 4.5). 
Sodium bicarbonate and sodium phosphate may also be used but larger 
quantities are required and the reagents are more expensive. 

Starting material must be very finely ground to permit rapid dissolution 
and this is commonly achieved by use of colloid mills. The dilute alkali 
solution is then metered into the casein slurry before passing into 
dissolving vats. The dissolving vats may be operated on either a 
continuous or a batch basis, but in either case effective agitation and 
recirculation is essential. Heating is also necessary at this stage and may 
be applied by a tubular heat exchanger in the recirculation line or by a 
steam-jacket fitted to the vat. Direct steam injection is possible, but may 

• Attrition dryers conSiSt of a fast rotating. multi·chambered rotor and a stator with a 
serrated urface. In operation turbulence. vortices and cavitation contribute to a highly 
efficient grinding which produces a very fine powder (overall average particle size 
100 I'm) with a large surface area. Drying occurs imultaneou Iy in a concurrent hot air 
stream. Attrition dried powder is of good wertability and diSpersibility due to its irregular 
hape and cavities formed by rapid evaporation. 
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Figure 4.5 Conventional method for the manufacture of caseinates. 1 Either 
fresh, acid casein curd or dried casein. 2 Usually spray or roller dried. 

result in a lower quality product. The solution should be held at high 
temperature and pH value for as short a time as possible to avoid 
Maillard browning and formation of lysoalanine and off-flavours. Control 
of pH value and viscosity is essential at this stage. 

Various types of dryer can be used, the type affecting the properties of 
the finished caseinate. Spray drying is common, although problems can 
arise due to the high viscosity of the feed and the low bulk density of the 
finished product. Roller dryers are also widely used, especially in 
Europe. 

A number of procedures have been developed for combining the 
reaction and drying stages. Roller dried caseinate may be produced by 
mixing casein with sodium carbonate, or bicarbonate, directly before 

• Conventional means of producing caseinates result in a relatively dilute solut.ion which 
requires the removal of large quantitie of water, with associated high energy costs, 
during drying. Concentrated solutions of 33-47% solids may be prepared by mixing 
cascin with water and aOH in a Steam heated reaction chamber. The reaction proceeds 
in (wo tages; at pH 5.0-5.3, when viscosity i a minimum, and pH 6.5-7.0. Solutions of 
33% olids may b spray dried or, alternatively, the concentrated solution may be forced 
through orifices to produce jets Which are dried in hot air to form sodium caseinate 
threads. 
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drying, the reaction being completed on the dryer drum. A granular 
casein of high bulk density may be produced by a similar process, which 
involves partial drying of casein curd, mixing with sodium bicarbonate 
and final drying of the caseinate. Either pneumatic ring or fluidized bed 
dryers are used. Attrition drying is used to prepare caseinate powder 
resembling spray dried, but of significantly higher bulk denSity. Dried 
acid casein is the starting material and sodium carbonate the alkali. 
Caseinates may also be prepared by extrusion cooking. In this process 
dried casein is the usual starting material and is mixed with water and 
alkali to form the extrusion mixture. Fairly high pressures and cooking 
temperatures are required to ensure the reaction goes to completion 
before the material leaves the cooker. Extrusion cooking has also been 
proposed as a means of preparing sodium caseinate from skim milk 
powder. 

Ammonium, calcium and potassium caseinates may be made by reaction 
with the respective hydroxides using procedures similar to that for 
sodium caseinate production. In the case of calcium caseinate the 
reaction between calcium hydroxide and acid casein curd proceeds 
more slowly than the corresponding reaction with NaOH and is highly 
temperature dependent. Conditions in the dissolving vats must, there
fore, be particularly closely monitored. Granular ammonium caseinate is 
made by exposing dried acid casein to ammonia gas, excess ammonia 
being removed by air-flushing in a fluidized bed degassing system. 
Citrated caseinate is also produced by reaction with a mixture of 
trisodium citrate and tripotassium citrate. 

The properties of different caseinates vary conSiderably (Table 4.8) and 
are modified further by the processing received. Modern practice is to 
blend different types of caseinate to optimize properties for different 
applications. In addition modifications may be made to the properties by 
chemical treatment (Table 4.9). 

Table 4.8 Functional properties of different caseinate products 

Product Functional property 

Acid casein Good solubility above pH 5.5. Good water absorption 
Lactic casein Moderate water absorption 
Rennet casein Insoluble below pH 9.0. Suspensions of more than 15% 

gel at 25°C 
Calcium caseinate Forms white colloidal dispersions 
Sodium caseinate Gels at concentrations more than 17% 
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Table 4.9 Modification of the functional properties of caseinates 

Hydrolysis Alkaline hydrolysis of sodium caseinate enhances 
foaming properties 

Renneting Renneting sensitizes caseinate to precipitation by 
calcium and permits formation of a gel on heating 

(c) Fractionation of caseinates 

175 

A number of methods suitable for industrial use have been devised for 
the fractionation of casein. The method which is probably the most 
promising is based on the fact that ~-casein exists in solution as 
monomers at 4°C and may therefore be separated from (¥s-IK-casein by 
ultrafiltration (Figure 4.6). 

(d) Co-precipitates 

Co-precipitates of casein and whey proteins are made from skim milk. 
Difficulties were encountered with early processes due to thermal 
denaturation of whey proteins and resulting poor solubility. This 

Dilute sodium caseinate solution 

+ Retentate 

(Concentrated cxs-K-casein
enriched caseinate) 

• Freeze dry 

• 4°C 

Ultrafiltration 

Retentate 

(Concentrated J3-casein
enriched caseinate) 

• Freeze dry 

+ Permeate 

(J3-casein-enriched) 

! 40-50°C 

Ultrafilter 

! 
Permeate 

• Discard 

Figure 4.6 Preparation of (Xs·/K- and ~-casein-enriched fractions. Based on 
Murphy, ).M. and Fox, P.F. 1990. Food Chemistry, 39, 27-35. 
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problem has been overcome by current technology which involves 
heating at 55-75°C at a pH value between 7.5 and 10.0 to induce the 
casein/whey protein interaction before precipitation at pH 4.6 and 
resolubilization at pH 6.6--7.0. 

(e) Milk protein concentrate 

Milk protein concentrate may be made directly from skim milk by a 
combination of ultrafiltration and diaftltration. Concentrates with a 
protein content of up to 80% may be made using this technology, the 
casein is in micellar form and the whey proteins in the native configura
tion. The ash content is relatively high since protein-bound minerals are 
retained. Casein micelles may be separated from whey proteins by 
microfiltration using high porosity membranes. 

4.2.3 Utilization of milk proteins 

(a) WhEry proteins 

In Europe until relatively recently, whey proteins were used only for 
animal feeding and this remains a major market for products such as 
delactosed whey powder. The rising cost of skim milk powder has, 
however, increased demand for whey protein as a substitute. The 
situation is different in the US where whey protein is the most important 
functional protein used in human foods. Basic whey products tend to be 
used as fillers for improving nutritional status, while protein enriched 
products are usually chosen for functional products. 

In a small number of cases, such as carbonated, fruit-flavoured whey
based drinks, whey is the major ingredient. More commonly, however, 
whey proteins are added as one of many ingredients. The use of the 
various whey protein products in different types of food is summarized 
in Table 4.10. 

Fractionated whey proteins have advantages over non-fractionated in 
specific applications. Beta-fraction is widely used in acidic beverages, 
remaining soluble even after heat treatment at 90°C for 30 s. The 
fraction also has superior properties as an egg white replacer in 

• Whey is also a major ingredient of the fat-replacer Simpiesse™ which, in this health 
conscious age, is likely to find increasing application. Manufacture involves simulta. 
neously healing and hearing egg white and whey solution to form spherical partides 
with a diameter of 0.1-3.0 IJ.ITI (Morr, C.Y. 1992. Food Technology, 46(4) 110-4). 
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Table 4.10 Examples of the use of whey proteins in different types offood 

Bakery products 
improvement of baking qualities; bread (ultrafiltered only) 
egg replacer; Madeira-type cakes 
nutritional enhancer; breakfast goods 

Dairy products 
nutritional enhancer; various products 
improved yield; quarg cheese 
improved quality; Ricotta cheese 
stabilizer; yoghurt 
protein base; cream cheese spreads 
flavour enhancer and texturizer; cheese-flavoured dips and spreads 
solids-non-fat source; ice cream and juice bars 

Beverages 
nutritional enhancer; various products 

Pasta products 
nutritional enhancer; various products 
texture improver; various products 
texture improver and structural stabilizer; frozen, microwave-reheatable 

pasta 'ready-meals' (undenatured protein only) 

Confectionery 
egg white replacer; soft, aerated candies 

Meat products 
extender; frankfurters and luncheon meat 

confectionery such as meringues and as a binder and water-retaining 
agent in meat products. Alpha-fraction has fewer applications, but is 
widely used as a source of lactalbumin in highly humanized infant foods. 

The use of whey as a fermentation substrate has already been noted 
(Figure 4.1). A number of fermentation processes are involved, includ
ing industrial production of citric acid, alcohol and single cell protein. 
Fermentation of permeate under anaerobic conditions has also been 

• Phenylketonuria is a disorder resulting from inability to metabolize phenylalanine. The 
condition, which is usually diagnosed at birth, requires a special diet free from 
phenylalanine and other aromatic amino acids. Current diets ace based on unpleasant 
tasting mixtures of synthetic amino acids administered as a beverage. Casein-derived 
peptides ace devoid of acoma tic amino acids, have a high content of glutamic and aspartic 
acid and have a bland taste. They ace therefore highly suitable as the basis for a 
maintenance diet for phenylketonuric person and persons with some forms of hepatic 
disease. Casein-derived peptides roay be incorporated into a wide range of foods 
including infant formula, ru ks, fruit jellies and teething rings. 
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used in production of fuel gas consisting of 50% methane with an 
energy of 960 k)/l. In the long-term production of fuel gas from whey is 
likely to become increasingly attractive as the cost of alternative energy 
sources rises. 

(b) Casein and caseinates 

The use of casein and caseinates has been extended by the development 
of specialist powders including blends of sodium and calcium caseinate 
which maximize the attributes of each product. At the same time rennet 
casein, once used virtually exclusively in non-food applications, is now 
widely used in foods as a consequence of its flavour stability. Casein and 
caseinates are used as ingredients for their functional properties, but 
may also have a nutritional role. Usage in various types of food is 
summarized in Table 4.11. 

Casein has a number of non-food industrial applications. Acid casein is 
used in the manufacture of adhesives and related materials such as paper 
coatings and sizes. It is also used as a pigment carrier/ dispersing agent in 
water-based and latex paints. Acid casein has been used for plastics 
manufacture, but is much inferior to rennet casein in this application. 
Casein-based plastics are generally used for small items such as buttons. 

BOX 4.2 The Carberry Process 

The first large-scale plant for production of alcohol from whey was 
built at the Express Dairies creamery at Carberry, Eire. Whey 
permeate is fermented by Kluyveromyces lactis in batch ferment
ers of over 100000 I capacity to yield ethanol at 96.5%. At peak 
production the Carberry creamery produces 600 000 I of whey 
which is converted into 22 000 I of ethanol. Molasses is used as 
feedstock during the winter months. A major problem is disposal of 
efiluent and strict precautions must be taken against contamination 
of the process by micro-organisms from the adjacent cheese plant. 
A minimum throughput of 500 000 I is required for economic 
operation of a Carberry-type plant, but use of immobilized yeast 
may make smaller plant viable. The alcohol produced is suitable for 
use in the production of white potable spirits such as gin and 
vodka, but in countries such as New Zealand it may be more 
attractive to use the alcohol as fuel (gasohol). 
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Table 4.11 Examples of the use of casein and caseinates in different types of 
food 

Bakery products 
nutritional enhancer; breakfast cereals, high protein biscuits 
texture improver and emulsifier, frozen cakes 

Dairy products 
protein base; cheese analogues 
protein base; coffee whiteners 
stabilizer; yoghurt 
flavour enhancer and emulsifier; cheese spreads 

Beverages 
stabilizer and foaming agent; carbonated drinks 
stabilizer; drinking chocolate 
emulsifier; cream liqueurs and wine aperitifs 
clarifying agents; beer and wine 

Desserts 
stabilizer and whipping improver, frozen desserts and instant puddings 
stabilizer, whipping improver, emulsifier and film former; whipped toppings 

Confectionery 
texture improver; hard toffee and fudge 

Meat products 
emulsifier, texture improver and water binder; comminuted meats 

BOX 4.3 A deeper shade of green 

The use of casein-based paints as artists' materials has fallen over 
the years as new synthetic paints, such as acrylics, have become 
available. Artists, however, share the ecological concerns now 
prevalent in the community as a whole and many would prefer to 
use paints based on natural materials. Casein-based paints are 
considered to be amongst the most 'environmentally-friendly' and 
this has been reflected in an upsurge in popUlarity. New formula
tions have been introduced which enable casein-based paints to 
emulate synthetics in terms of performance. 

4.3 CHEMISTRY 

4.3.1 Nutritional properties 

Both whey proteins and caseins are high quality proteins. Whey proteins 
are of particular value due to their high cysteine content, although in 
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non-hydrolysed products the high lactose content causes problems in 
lactase-deficient persons and animals. Whey also contains significant 
quantities of B group vitamins and minerals, although mineral content 
may be reduced by demineralization. 

Work with pigs has suggested that whey proteins in the diet lower 
serum cholesterol levels and high density, lipoprotein cholesterol levels. 

Losses during processing are similar to those of milk. Protein quality is 
also lost during storage, losses being at a maximum at Ow 0.44. The rate 
of loss is also greater at high temperatures, but at constant Ow, 
fluctuating temperatures have the greatest adverse effects. 

Casein and caseinates contain a high proportion of essential amino acids, 
although limiting in sulphur-containing amino acids such as methionine. 
Losses during processing and storage are similar to those of whey 
proteins. 

4.3.2 Functional properties 

The chemistry of the functional properties of milk protein products are 
discussed in Chapter 1, pages 8-13. 

4.4 MICROBIOLOGY 

The microbiology of milk protein products has received relatively little 
attention, although the hygiene problems associated with membrane 
techniques are well known. Potential problems are the same as those 
encountered during the manufacture of concentrated and dried milks 
and similar precautions must be taken. Basically these involve heat 
treatment of the starting material at a level equivalent to pasteurization, 
prevention of the growth of micro-organisms during processing stages 
such as evaporation and reverse osmosis and prevention of 
re-contamination of either the product stream or the end product. The 
increasing sophistication of processing potentially creates more oppor
tunities for microbial contamination or growth and a high level of 
control is necessary, especially where the product is intended for 
incorporation in infant foods. 

The growth of species of Bacillus and Enterococcus during production 
of high protein whey powder by ultrafiltration at 50°C may lead not only 
to high bacterial numbers in the finished powder, but to an adverse 
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effect on functionality. This may be attributed to changes to the 
structure of the whey proteins, which may also result in flavour defects 
in products containing the powders such as cheese. Microbial growth 
during processing of whey is also one of the causes of off-flavours during 
end-use in ice cream, etc. 
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EXERCISE 4.1 

There are a number of instances where the use of preservatives in 
dairy foods is considered justified in developing countries but not 
in the western world (cj page XXX). Do you consider this to be 
morally acceptable? Are there conditions or circumstances under 
which the possible long-term toxicological effects of preservatives 
outweigh the benefits in terms of increasing availability of milk 
proteins? 

EXERCISE 4.2 

Considerable quantities of rennet casein are produced for indus
trial use such as plastics manufacture. An old-established manufac
turer of industrial casein has decided to expand operations to the 
manufacture of higher value edible casein products. A plant has 
been erected on a separate, but adjacent site, equipped on a 
'turnkey basis' by a major equipment supplier. Staff have been 
transferred from the existing plant and trained in operating the 
new equipment by the supplier. At the last minute, however, it is 
realized that no attention has been given to training staff with 
respect to the basic principles of hygiene. 

You are asked to devise a hygiene training schedule for all 
production staff. This should be in two parts; an initial training 
programme to be attended by staff before production commences 
and a continuing programme designed to reinforce the basic 
training and to continually enhance hygiene awareness. Consider 
the most appropriate approach and use of visual aids in training 
staff, many of whom are elderly and considered 'set in their ways'. 



5 

CREAM AND CREAM

BASED PRODUCTS 

OBJECTIVES 

After reading this chapter you should understand 
• The nature of cream and the differences between the various types 
• The nature of cream substitutes 
• The separation of cream from milk and type-specific processing 
• The role of cream as a major ingredient in cream-based products 
• The major control points 
• The flavour of cream 
• The nature of chemical changes associated with the processing and 

storage of cream 
• The physico-chemical events occurring during whipping of cream 
• Microbiological hazards and patterns of spoilage 

5.1 INTRODUCTION 

Cream consists of a concentration of milk fat in milk with the fat mainly 
in globules protected by the membrane. Types of cream are primarily 
defined by fat content (Table 5.1), secondary definitions being based on 
the thermal processing received (pasteurization, UHT or in-container 
sterilization) and on other processing designed to impart particular 
characteristics to cream (clotted cream, whipped cream, coffee cream, 
etc.). Cream substitutes are also available. 

5.2 TECHNOLOGY 

The basic technology of cream manufacture is relatively straightforward, 
the key stage - separation and standardization - being common to all 
types. Homogenization and other post-separation processes may then be 
applied to obtain creams with differing properties. The manufacture of 

A. H. Varnam et al. (eds.), Milk and Milk Products
© Alan H. Varnam and Jane P. Sutherland 1994
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Table 5.1 World Health Organization standards for the fat content of creams 

Type 

Cream/single cream 
Half cream 
Double cream 
Whipping cream 
Heavy whipping cream 

Minimum fat content (% ) 

18 
10-18 

4S 
28 
3S 

Note: Fat contents quoted are recommendations and national standards may 
vary slightly. National standards only exist for some types of cream such as 
clotted cream (more than SS% fat). 

pasteurized cream is summarized in Figure 5.1. 

5.2.1 Incoming raw milk 

The quality of the raw milk should be that of milk for the liquid market. 
It is particularly important that milk is free of feed taints since these 
partition into the fat phase and are thus of particular significance as a 
defect in cream. The high fat content of cream also means that problems 
due to the lipolytic enzymes of psychrotrophic bacteria are potentially 
greater and thus the refrigerated storage period for the raw milk must be 
carefully controlled and should not exceed 24 h. Ideally milk should be 
processed directly after receipt since separation becomes less efficient 
with increasing length of storage. 

Seasonal changes in milk composition may affect the viscosity of cream. 
Milk fat tends to be softer during the spring months when cattle feed on 
fresh pasture and this leads to cream of reduced viscosity. The number 
of fat globules smaller than 0.8 ~m (non-separable globules) increases 
towards the end of lactation (the autumn in the northern hemisphere) 
and thus fat losses in skim milk are higher . 

• The term 'low-fat ', when applied to cream in the absolute rather than the comparative 
sense, is a contradiction and a special descriptive terminology is required. Despite this 
products based on dairy ingredients, which have the properties of natural cream but a 
minimal fat content are under development. Technology is proprieury and details are not 
generally available. The most common approach, however, is to use membrane filtration 
to produce a concentrate blgh in solids· non-fat, which contains only sufficient fat to 
provide desirable moutbfcel and flavour. A 'coffee cream' is produced in this way from a 
mix of 90% skim milk, 7% crc:am and 3% milk protein, the finished product having a fit 
content of 2.5% but resembling its natural counterpart in taste and appearance: (Anon 
1991 . Dairy Industries Intemallona/, 56(12), 32-3). 
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Raw milk CCP2 

t 
Pre-heat CCP2 

t 
Separate CCP2 

• SKIM MILK 
Standardize 1 .. 
• 

CCP2 

Pasteurize CCP1 

CREAM 

+ Homogenize2 CCP1 

t 
Chill CCP2 

t 
Package CCP2 

t 
Storage and distribution CCP2 

Figure 5.1 The production of pasteurized cream. Note: All aspects of cream 
handling between pasteurization and packaging have the potential for contami
nation by pathogenic micro-organisms and are CCP 1. 1 Separate standardization 
is not required where automatic control of fat content is in use. 2 Homogenizer 
may be placed upstream of pasteurization, in which case the process is a CCP 
only with respect to product quality. Homogenization is not applied to all types 
of cream. 

Handling procedures for milk for separation must take account of the 
need to avoid damage to the fat globule and consequent increased loss 
of fat in the skim milk. The inclusion of air during pumping also reduces 
the efficiency of separation and must be avoided by use of suitable 
pumps and pipework design. 

5.2.2 Separation and standardization 

Separation involves the concentration of the fat globules of milk and 
their subsequent removal from the serum. The process is governed by 
Stokes' Law which may be expressed in simplified form as: 

R=rxF 

where R is the rate of separation, r is the radius of the fat globule and F is 
the applied force. 
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CONTROL POINT: INCOMING MILK AND HANDliNG CCP 2 

Control 

Milk to be of good initial quality and free from feed taints. 

Milk to be stored for minimum possible period. 

Minimum damage to be sustained during pumping, etc. 

Monitoring 

Laboratory examination of incoming milk (see Chapter 2, pages 85 and 
96). 

Organoleptic assessment where feed taints a common problem. 

Formal system to be instituted to ensure use of milk within predeter
mined time period. 

Operation of equipment to be monitored by experienced personnel. 

Verification 

Quality of end-product. 

Examination of plant records. 

Periodic specialist examination and maintenance of equipment. 

Traditional means of separation relied on gravity as the applied force but 
this process is slow and inefficient and, in industrialized countries, used 
on only a very small scale. Centrifugal separators have been available for 
many years and permit rapid and efficient separation. Extremely high 
centrifugal forces are applied but the wide variation in the radius of the 
fat globule means that, under practical conditions, a proportion of the 
smaller globules can never be separated, the milk serum phase 
(skimmed milk) usually having a fat content of ca. 0.06%. 

Modem separators are of the disc stack type which consist of a series of 
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conical stainless steel discs placed inside the separator bowl and driven 
by a central supporting spindle. This design greatly increases the speed 
and efficiency of operation by reducing the distance the solid particle 
(the fat globule) has to travel before coming to rest. 

In operation, milk enters the rotating bowl and is introduced to the disc 
stack through distributing holes. The milk is rapidly accelerated to the 
speed of the bowl and once the particles to be separated reach the disc 
surface they are effectively removed from the liquid stream. The low 
density fat globules move inwards along the surface of the disc and the 
heavier serum phase outwards to the edge, each being removed into 
separate discharge chambers. Solid particles of dirt, leukocytes and 
other debris move to the outer wall of the bowl and form 'sludge'. 

The basic design of disc stack separators permits the relative quantity of 
skim milk leaving the discharge chamber to be controlled by varying the 
back pressure applied to the cream and skimmed milk outlets. This in 
turn provides a simple means of controlling the fat content of the cream. 
The fat content may be decreased, for example, by reducing the back 
pressure on the cream outlet and thus increasing the volume of liquid 
passing through this discharge chamber. 

Although the principles of operation are common to all types of disc 
stack separator, there are three types of machine which differ markedly 
in design. This stems from differing approaches to the solution of a 
major design problem - the means of introducing whole milk to and 
removing the separated products from a bowl, or rotor, rotating at 
6000-9000 rpm. 

Open design. The open design (Figure 5.2) is the simplest and used only 
in small capacity machines. Milk enters through a stationary feed tube 
which projects at least halfway down the depth of the rotating bowl. At 
the point of entry the milk is moving at high speed, but with zero 
rotation, and acceleration to the same speed as the bowl is almost 
instantaneous. After separation cream and skimmed milk overflow from 
the top of the bowl into spouts which direct the products into 
containers. The fat content of the cream is usually controlled by 
adjusting the back pressure at the cream outlet. 

Semi-enclosed (paring disc) design. The mechanism of entry of milk 
into semi-enclosed separators is the same as that into the open type. The 
means of removing cream and skimmed milk, however, differs markedly. 
Semi· enclosed separators are fitted with static paring discs (centripetal 
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Figure 5.2 Open design cream separator. Redrawn with permission from 
Rothwell, J. 1989. The Cream Processing Manual, 2nd edn. Copyright 1989, 
The Society for Dairy Technology. 

pumps), resembling the rotor of a centrifugal pump (Figure 5.3). These 
dip into separate paring chambers for cream and skimmed milk and are 
attached to outlet pipes. In operation each of the separated liquid 
products rotates at the same speed as the bowl, the surfaces covering 
the outer edge of the stationary paring disc. Rotational energy is 
converted into pressure and the products leave the separator with a 
pressure as high as 5 kglcm2 • The fat content of cream may be 
controlled by adjusting the back pressure of both the skimmed milk and 
the cream, although control is simplified by fitting an automatic control 
valve to the skimmed milk outlet pipe. Only the highly concentrated 
outer layer of the fat phase is removed by the paring discs and 
production of cream with fat content above 45% is likely to lead to a 
corresponding increased fat loss in the skimmed milk. 

Separators are available which combine features of open and semi-
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Figure 5.3 Paring chamber and disc of a semi-enclosed separator. Redrawn 
with permission from Rothwell,). 1989. The Cream Processing Manual, 2nd 
edn. Copyright 1989, The Society for Dairy Technology. 

enclosed designs. In one example the cream leaves the separator by 
overflowing into a spout as in an open design, but the skimmed milk is 
removed from a paring chamber by a paring disc. 

Hermetic (airtight) design. Separators of the hermetic design are fitted 
with seals at both inlet and outlet to provide a seal between the 
atmosphere and the product. Whole milk is fed to the bowl through the 
hollow drive spindle (Figure 5.4) and accelerates gradually to the speed 
of the bowl. This minimizes damage to the fat globule and improves the 
stability and whipping properties of the cream. Cream and skimmed 
milk pass into separate chambers, sealed from each other and the 
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Milk 

Figure 5.4 Hermetic design cream separator. Redrawn with permission from 
Rothwell, J. 1989. The Cream Processing Manual, 2nd edn. Copyright 1989, 
The Society for Dairy Technology. 

atmosphere by axial seals, and are removed by rotating pump assem
blies. The whole of the fat phase is removed from the cream chamber 
and creams with fat contents up to 55% may be produced without 
increased fat in the skim milk. Fat content of the cream is controlled by 
regulating the pressure on the cream outlet, sufficient back pressure on 
the skimmed milk outlet usually resulting from downstream equipment 
such as heat exchangers. A valve or orifice plate is required, however, 
where back pressure in the system is low. 

Self-cleaning separators. Separators are conventionally manufactured 
with a solid bowl in which 'sludge' accumulates. Excessive accumula-
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tion reduces separation efficiency and the process stops if the 'sludge' 
level reaches the outer edge of the discs. This factor thus limits the 
length of the production run and can cause considerable disruption, 
especially in large creameries. In recent years self-cleaning centrifuges 
of semi-enclosed and hermetic design have been developed which not 
only permit long, continuous production but are also suitable for 
in-place cleaning. This conSiderably reduces the need for the disman
tling and manual cleaning of separators, an arduous and, understandably, 
unpopular procedure which is all too frequently skimped. Highly 
effective means of hermetically enclosing this type of centrifuge have 
also been developed and damage to cream as a result of air inclusion has 
been reduced to a very low level. 

The detailed design of self-cleaning separators varies somewhat but 
usually involves a hydraulically operated piston in the base of the bowl, 
the 'sliding bowl bottom', is moved downwards and opens discharge 
slots in the bowl body. Accumulated 'sludge' is forced through the slots 
by liquid pressure and collected in a receptacle incorporated into the 
machine cover. Hourly discharge of 'sludge' is usually sufficient and 
dismantling is usually required only every 2-3 months for inspection 
and maintenance. 

The separator is, by definition, the key component in cream production 
but cannot be viewed in isolation from other equipment such as 
preheaters, pumps, etc. In commercial practice milk is usually separated 
at temperatures between 38 and 60°C, temperatures in this range 
facilitating separation and minimizing damage to fat globules and 
consequent greasy texture. The upper temperature limit is often defined 
by the greater costs involved in heating milk to higher temperatures but 
an organoleptic consideration is the higher viscosity of cream separated 
at 38-40oC than at higher temperatures. Cream separated at tempera
tures of less than 45°C, however, contains active milk-derived lipases 

• Higher temperature ar u d in the Alpha· Laval Scania TM sy tern. This was originally 
designed to coUect and process urplu cream from low fat tandardization operation in 

andinavia, but is now used in cream separation plants and has suffiCient flexibility to 
deal with the wide range of cream produced for the K market. In th.is system the cream 
is eparated at 63°C folJowed by deaeration. The cream i then heat-treated in a speCially 
designed heat exchanger operating with low pre ure drop to minimize damage to the 
fat globule. The end-product is of uperior phy ical and organoleptic quaUty, having a 
beuer taste and a lower level of free fatty acid . The system also has economic advantages 
in that fat losses in kim miLk are reduced (Rajah, K.K. and Burgess K.J. 1991. Milk Fat· 
Productfon, Technology and Utilization. Society for Dairy Technology, Huntingdon 
UK). 
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which can initiate the development of rancidity during the short interval 
between separation and pasteurization. A minimum separation tempera
ture of 45°C is, therefore, recommended, 55°C often being used in 
practice. Although the influence of other ancillary equipment is less 
obvious than that of preheaters, it is none the less of significance in 
determining the quality of the cream. It is of particular importance that 
all plant should be designed to ensure that the flowrate, feed and 
discharge pressures are constant, that air is excluded from the system 
and that pumping is minimized. Flowrate should be controlled either by 
use of a metering pump or by a mechanical flow controller. 

Standardization of cream to a given fat concentration is a necessary 
adjunct of the separation process. Experienced operators are able to set 
separators to within a fat content of 0.5-1 %, but higher precision is 
necessary and it is usual to operate separators to produce a cream of 
somewhat higher fat content than that required. The fat content is then 
determined using a rapid technique (see page 86) and whole or 
skimmed milk added to reduce the fat content to the required percent
age. The arithmetic is not especially difficult but for convenience a 
method known as 'Pearson's square' is often used (Figure 5.5). Alterna
tively, where cream is standardized in vats of known volume using skim 
milk of supposedly constant fat content, tables may be provided and 
have the advantage of avoiding even simple calculations. 

The traditional standardization process is cumbersome and, especially if 
delays occur in determination of fat content, can cause problems in 
management of production. The means of determining volumes of 
cream and milk are often imprecise and to avoid possible legal problems 
it is common practice to allow a margin of error which over a period of 
time leads to significant financial loss. 

Potential problems resulting from standardization may be obviated by 
operating separators to produce cream of the exact fat content required 
and this is common practice in large modern creameries. The simplest 
means is to pre-determine the fat content of the whole milk and then to 
set the separator using special valves to control the flow of the cream 

• Serious errors can occur during standardization and range from miscalculation to 
mishearing the fat content reported by telephone. Failure to take a representative cream 
sample for fal analy is is a further C3U e of error. The po IbUlty of errors at the 
standardization stage make It desinble that a second sample is taken for analysis after 
standardization but it is often necessary to proceed with processing before results are 
available. 
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1. Basic square 

a b 

e 

d c 

2. Problem 
It is required to standardize 100 gallons of cream of fat content 23-18% 
using skim milk of effective fat content 0%. 

3. Solution 

23 b 

18 

o c 

A. Substitute required cream fat content for e 
B. Substitute actual cream fat content for a 
C. Substitute skim milk fat content for d 

23 18 

18 

o 

D. Substitute (e--d) for b 
E. Substitute (a-e) for c 
Thus 18 parts of cream must be mixed with 5 parts skim milk 
Total volume of cream is 100 gallons which represents 18 parts. 
Volume of skim milk = 5/18 x 100 = 27.8 gallons 

5 

Figure 5.5 Use of 'Pearson's square' in the standardization of cream. 
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and skimmed milk. This system can be satisfactory but depends on 
highly accurate calibration of flow meters and standardized operating 
conditions. A superior approach involves accurate measurement of the 
fat content of cream leaving the separator and feedback control to offset 
any variation due to changes in the composition of incoming milk or 
alterations to the operating conditions. The most sensitive means of 
determining the fat content of the cream is by densitometry, density 
being defined by the equation: 

D = I038.2-O.17T-O.003T2-8(133.7-475.51T) 

where D is the density, T is the temperature (OC) and 8 is the fractional 
fat content. 

Density may be monitored on a continuous basis by a 'density monitor' 
which enables an operator to make manual adjustments as required or, 
preferably, forms part of a microprocessor-based automatic control 
system. Density monitoring is highly sensitive but is seriously affected 
by vibrations at the level encountered during normal plant operation. 
Many automatic control systems, therefore, are based on instrumental 
devices such as the Milko-tester™ which, although rather less sensitive 
is relatively unaffected by vibration. Automatic systems employing 
microprocessor-based feedback control loops are able to maintain a 
constant fat content in cream providing that the fat content of the 
incoming milk and the operating conditions during separation vary only 
within normal limits. 

5.2.3 Handling of cream 

All plant used for the handling of cream after leaving the separator 
should be designed and operated to minimize physical damage which 
can cause 'buttering' of high fat cream and impair whipping qualities. 
Pumping of cooled cream should be avoided where possible and 
positive displacement pumps should be used in all instances . 

• Modern microprocessor-based control sytcms for cream separators are highly effec· 
tive. The weak point is recognized as being the means by which the fat COntent i 
determined in real time and some sy tern use two complementary methods. This 
pennies a vcry high level of control of separator performance and minimizes 10 es due to 
excess fat in products. Microprocessor-based control sy tcms, however, are mo t 
effect.ive when integrated iOlo process control sy tems which regulate all of the 
processes and manufacturing stages of the production Une. uch a system i particularly 
valuable with a product uch as cream, where manufacture of several variants require 
control of a number of variable in addition to fat content. 
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CONTROL POINT: SEPARATION AND STANDARDIZATION CCP 2 

Control 
Milk to be pre-heated to correct temperature. 

Ensure cream at, or above, correct fat content. 

Where required, cream to be standardized to correct fat content. 

Minimize damage during cream handling. 

Monitoring 

Pre-beating 

Equipment to be fitted with thermograph. 

Fat content 

Monitor performance of automatic control equipment. 

When under manual control, determine actual fat content by analysis. 

Standardization to be undertaken by trained and experienced personnel. 

Handling 

Inspection of equipment for air leaks and other malfunction. 

Verification 

Pre-beating 

Inspection of thermograph records. 

Fat content 

Calibration of automatic equipment to be checked on a regular basis. 

Accuracy of laboratory analyses to be checked on a regular basis. 

Analysis of fat content of final cream. 

Handling 

Equipment to be maintained on a preventative basis. 
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5.2.4 Homogenization 

The need, and indeed the desirability, of homogenization varies accord
ing to the nature of the final consumer product. This is discussed in 
more detail in Section 5.3.7. Homogenizers used are of identical design 
to those used for homogenization of liquid milks (see page 55) and are 
suitable for use with all types of cream. 

From a hygiene viewpoint homogenization is preferred before pasteur
ization or other heat treatment. Homogenization after heat treatment, 
however, reduces problems of rancidity due to milk lipases and this 
order of processing is favoured by some manufacturers. Homogeniza
tion after heat treatment is usually considered a necessity in cream 
which has been UHT sterilized. 

5.2.5 Heat treatment 

With the exception of very small amounts sold as 'untreated cream', all 
cream sold in the UK must be pasteurized or otherwise processed to 
ensure safety. Similar regulations exist in other nations, although raw 
cream is commonplace in less developed countries. 

(a) Pasteurization 

Pasteurization may be by either the low temperature-long time (LTLT) 
holder method or the high temperature-short time (HTST) method. 
The LTLT method remains in use by small-scale producers, a minimum 
heat process of 63°C for 30 min being stipulated. The viscosity of cream 
is such that heat transfer can be a problem and heating vessels must be 
equipped with an adequate means of agitating the contents. Agitation 
should not, however, be excessive and is most effectively achieved by 
use of a rocking (swinging) coil vat, the heating medium being 
circulated both through the coil and the surrounding water jacket. To 
minimize the possibility of contamination, the same vessel should be 
used for cooling as well as heating. 

CONTROL POINT: HOMOGENIZATION CCP 1 OR 2 

For general control see Chapter 2, page 56 

For post-UHT sterilization control see Chapter 2, pages 63-4 
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HTST pasteurization is in almost universal use in large creameries and is 
the most effective process when quantities in excess of 100 gallons are 
produced daily. A minimum process of 72°C for 15 s is stipulated, but 
higher temperatures may be used. The equipment used is essentially the 
same as that for milk pasteurization (see page 49) and should be fitted 
with a flow diversion device and suitable instrumentation for monitor
ing and verification of performance even where this equipment is not 
mandatory. Fat resistant gaskets should be fitted. 

Cream should be cooled as quickly as possible after pasteurization, 
although in some cases (see page 201) the cooling rate is controlled as a 
means of imparting the required rheological properties. Packaging 
follows directly after cooling to avoid problems associated with a 
thickened product. Preformed polystyrene or polypropylene pots are 
used, which are usually sealed with aluminium foil. Polypropylene is 
preferred due to lower cost and less problems with tainting. Cream is 
also packaged in bulk for catering use, bag-in-box packs having largely 
replaced metal cans for this purpose. 

(b) Extended heat treatment 

There has been considerable interest, especially in Germany, in applying 
extended heat treatment to produce a cream containing very low 
numbers of bacteria. The cream is then packaged either using aseptic 
packing equipment, or non-aseptic equipment modified with hydrogen 
peroxide spray and ultraviolet irradiation. Commercially used processes 
use either a single heat treatment at 110°C for 30-60 s or a double 
treatment involving heating at 95-102°C for 15-30 s, holding for 24 h 
at SoC and reheating at 120-12rC for 3 s. The underlying rationale of 
the double treatment is that endospores surviving the first heat treat
ment will germinate during holding at SoC into heat-sensitive vegetative 
cells. It has been claimed that extended heat treatment permits a storage 
life of up to 4 weeks at lO°e. This, however, is disputed by some 
microbiologists (see page 94) and it is probable that in many cases the 
additional processing costs more than outweigh the benefits of shelf life 
extension . 

• Under some circumstances the Vacrcatorn.t, a multistage steam di tillation y tern 
operating under reduced pressure may be used in place of traditionaJ means of 
pasteurization. The equipment removes both feed taintS and butyriC acid resulting from 
Lipoprotein lipase activity. The capitaJ and operating COStS are higher than those of 
conventional HTST plant and can only be justified wbere feed taint is a continuing 
problem. 
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(c) UnT sterilization 

UHT sterilization of cream involves the same principles and practices as 
UHT sterilization of milk (pages 58--63). A minimum 9D reduction in 
numbers of endospore-forming bacteria is recommended and the need 
for a more rigorous process is reflected in the UK regulations which 
stipulate a minimum process of 140°C for 2 s ( or a combination with the 
same effect). The minimum permitted process does not, however, 
totally obviate spoilage problems due to survival and outgrowth of 
highly heat resistant endospores. 

Either indirect or direct heating plant may be employed, direct heating 
giving a better quality product. High shear stresses may, however, be 
present at the point of mixing and this, in combination with heat, can 
lead to instability of the cream emulsion. 

Undesirable physical changes involving formation of a cream layer 
(creaming) and agglomeration occur during storage of UHT cream. 
Homogenization is therefore necessary for all types, including whipping, 
to prevent creaming. Positioning the homogenizer upstream of steriliza
tion is preferred from an operational viewpoint since aseptic operation 
is not necessary. Heating may, however, lead to destabilization and it is 
usual practice to operate the homogenizer, under aseptic conditions, 
downstream of the heating stage. In some plants a compromise arrange
ment is made by placing the high pressure homogenizer pump in the 
heating section and the homogenizing valve downstream in the cooling 
section. Separation of the milk at high temperature and addition of 
permitted calcium sequestrants improves the stability of UHT processed 
cream but impairs the whipping properties (see page 202). 

In most cases packaging material for UHT cream is the same as that for 
milk (see Chapter 2, page 66). In addition individual portions for 
whitening coffee are packed into foil-sealed plastic pots and have found 
widespread use in catering. 

(d) In-container sterilization 

In-container sterilized cream is processed at 110-120°C for 10-20 min 
in either metal cans or glass bottles. The cream is usually of relatively 
low fat content, the most common types being coffee cream in 
continental Europe and a 23% cream in the UK. Cream of higher fat 
content is difficult to process due to its poor thermal conductivity and is 
extremely prone to separation during storage. Several types of retort are 
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CONTROL POINT: HEAT TREATMENT CCP 1 

See Chapter 2, page 52 (pasteurization and extended heat treatment), 
page 64 (UHT sterilization), page 70 (in-container sterilization). 

Table 5.2 Factors affecting the viscosity of cream 

Milk associated 
triacylglycerol composition 

Process associated 
fat content 
homogenization pressure 
heat treatment 

Storage associated 
temperature 
length of storage 

used including continuous and both static and rotating batch types. 
Retort type and can size dictate the processing applied, but the thermal 
load applied is high and results in a considerable degree of Maillard 
browning, protein denaturation and fat agglomeration which impart 
characteristic properties to the product. 

5.2.6 Specific processing for different types of cream 

With the exception of creams such as clotted and whipping most 
specific processing is concerned with modifying viscosity to meet 
consumer requirements. These often vary according to culinary end
use. Consumers may require, for example, that double cream for eating 
with fresh strawberries is spoonable, while cream of the same fat 
content for eating with trifle should be pourable. 

Many factors affect the viscosity of cream (Table 5.2), indeed it may 
fairly be stated that every aspect of plant configuration, processing and 

• Broken texrure i a pecific fault of retorted cream. Various salts, including disodium 
hydrogen pho phate, Iri odium citrate and sodium bicarbonate, may be added to 
minimize the problem, quantity required varying according to the tim of year. U e of 
stabilizing alt , however, i controUed by legislation. Problem can al 0 be minimized by 
single- (ca. 19.5 MPa) or dubie- [age homogenizatiOn (ca. 18 and ca. 3.5 MPa). 
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handling of the cream has an effect, however slight, on viscosity. In 
practice factors such as milk composition are largely beyond control 
while others, induding temperature of separation, are ftxed under 
normal operating conditions. Modiftcation of viscosity may, however, be 
achieved by homogenization together with control of cooling after heat 
treatment. 

(a) Half and single creams 

Homogenization is essential for half and single creams both to produce 
an acceptable viscosity and to prevent separation of the fat and serum 
phases. The latter factor in particular requires the use of relatively high 
homogenization pressures. Pressures actually used may vary according 
to the properties of the incoming milk. 

Single cream is commonly subject to single-stage homogenization at 
pressures up to 25 MPa, but higher pressures of up to 30 MPa are 
required to produce an acceptable viscosity in half cream. In each case a 
homogenization temperature of ca. 55°C is used. 

In the US a product described as 'half and half is retailed and consists of 
a mixture of milk and cream with a fat content between 10.5 and 18%. 
'Light' cream has a fat content of 18-30%. 

(b) Double cream 

Homogenization is not usually necessary for double cream with the 
exception of UHT sterilized. Homogenization, controlled cooling, or a 
combination of these processes may, however, be used to produce 

BOX 5.1 Feed upon strawberries, sugar and cream 

In the UK, sales of cream, especially single cream, increase 
conSiderably during the months when fresh strawberries are 
available. It is common practice for multiple retailers to promote 
cream at reduced prices during this period to encourage sales of 
the higher margin strawberries. Other outlets also seek to exploit 
the promotional power of the strawberries and cream combina
tion. Milkmen offer home delivery of strawberries alongside milk, 
cream and other dairy goods, while many greengrocers introduce 
temporary sale of fresh cream. Unfortunately some fruit outlets 
lack refrigeration and cream may be displayed for many hours at 
high ambient temperatures. 
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'extra-thick' pasteurized creams of much higher viscosity than is normal. 
Single-stage homogenization is used at a pressure of 3.5 MPa, or less, at 
ca. 55°C. 

A common controlled cooling protocol involves cooling cream to 
20-25°C, packing into retail containers and completing the cooling in a 
cold store. Spoilage micro-organisms and, potentially, many pathogens 
are capable of rapid growth during cooling and cream produced by this 
system is almost invariably of inferior microbiological quality to other 
types. 

The use of homogenization in combination with controlled cooling 
permits creams of widely varying viscosities to be produced. Many 
processes are of an ad hoc nature, being developed to produce a cream 
of desired properties within the constraints of available equipment. In 
all cases, however, the need to ensure microbiological safety and 
stability should be the over-riding factor. 

( c) Coffee cream 

Coffee cream is a special type of low-fat cream processed to minimize 
'feathering', the coagulation and release of free fat which occurs when 
cream is added to hot coffee. Such cream is processed using double 
stage homogenization using pressures of ca. 17 MPa in the first stage and 
ca. 3.5 MPa in the second stage. This, however, serves to lessen the 
problem rather than to solve it and it should also be appreciated that the 
likelihood and extent of feathering is determined by properties of the 
coffee as well as those of the cream. 

(d) Whipping and whipped cream 

The quality of whipping cream is based on its ability to form, by 
incorporation of air, a relatively solid whip. Viscosity at the point of 
leaving the container is not an important attribute and a high viscosity is, 
in fact, undesirable due to the additional mechanical work required 
during whipping. 

With the exception of UHT sterilized product, whipping cream should 
not be homogenized since even the very low pressures sometimes used 
to break up loose clumps of fat cause changes to the fat globule 
membrane which impair whipping properties. Indeed the handling of 
whipping cream should be even more gentle than that of other types. 
Homogenization of UHT sterilized whipping cream is essentially a 
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compromise between the needs of preventing separation and impairing 
whipping properties. Relatively low homogenization pressures are 
employed, typically in the range 3.5-7 MPa, and the process may be 
single or double stage. Fat globules in the size range 15-20!lm are 
considered to give optimal whipping qualities. Whipping of UHT cream 
is improved by separation at low temperatures and addition of calcium 
ions, but this results in poor storage stability. 

Higher fat creams produce more stable whips but at fat levels above ca. 
40% the characteristic lightness of the whip is lost. Commercial practice 
dictates that for economic reasons the fat content should be as low as 
possible. A fat content of 38% is a common compromise where the whip 
must remain stable over a relatively long storage period, although lower 
fat contents may be suitable for where consumption is more or less 
immediate. 

Whipping is most effective at low temperatures when a high proportion 
of the fat is in the solid form. Particular care is required during cooling 
of the cream to avoid supercooling and consequent damage to the fat 
globule membrane. This results in high viscosity and poor whipping 
qualities. Crystallization of the fat to a stable configuration (ageing) is 
not immediate but takes several hours. This is of no consequence where 
refrigerated distribution systems mean that ageing occurs during storage 
and transport. 

The whipping of cream is technologically straightforward and, on a 
commercial scale, normally involves the use of a mechanical whisk 
which cuts the cream and draws in air by a planetary motion. The cream 
should be at 2-5°C and the equipment itself cooled to ensure maximum 
fat stability. From an economic viewpoint it is desirable to achieve, by 
incorporation of air, as great an increase as possible while maintaining 
stability and eating qUality. The increase, the overrun is expressed as a 
percentage: 

VrVI x 100 
VI 

where VI is the initial volume of cream and V2 is the volume of whip. 

The ideal endpoint is usually just after the maximum volume has been 
obtained and operator skill is required for effective operation of the 
whipping process. 

A number of 'cream-machines' are available which operate on the 
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principle of air-injection. The design varies but each offers, potentially, a 
high overrun and precise control of the degree of whip. In some cases 
the machines give either a continuous flow or can deposit precise 
quantities of whip for addition to individual pastries, etc. Very large 
capacity machines are based on a similar technology to ice-cream 
freezers (see page 409). A major problem with some air-injection 
machines, however, is maintaining a satisfactory standard of hygiene and 
while design improvements have been made, some machines have been 
considered 'impossible' to clean adequately. 

Sugar (sucrose) is traditionally added during whipping and, in the UK, 
up to 13% is permitted in whipping cream sold for commercial use. 
Other stabilizers are permitted in whipping cream sold for commercial 
use, or in prewhipped cream (see below) and are considered necessary 
in late spring and early summer months when fat has a high proportion 
of low melting point triacylglycerols. In the UK permitted additives are 
sodium alginate (or a mixture of alginic acid, sodium bicarbonate and 
tetrasodium pyrophosphate), sodium carboxymethyl cellulose, carrag
eenan and gelatin. Of these sodium alginate and some types of carrag
eenan function as true stabilizers by interaction with fat globules (see 
page XXX), but other types merely increase the viscosity. Stabilizers 
permit the fat content of the cream to be lowered, but the extent to 
which this is possible is limited by legal requirements and loss of 
organoleptic acceptability. 

Prewhipped cream is available to bakers and confectioners, is conve
nient to use and offers a higher level of reproducibility than is readily 
available when whipping on a small scale. Aerosol-packaged whipped 
cream is also available to domestic consumers. The cream is UHT 
processed, aseptically filled and pressurized. In the UK nitrous oxide is 
the only suitable gas permitted as propellant, but in the US octafiuorocy
clobutane (Freon C-318, CFr CF2-CF2-CF2 ) and chloropentatluoroeth
ane (Freon 115, CCIF2-CF3 ) are also permitted. These propellants exist 
partly as a vapour in the headspace and partly as a liquid layer on top of 
the cream. Dispensing thus occurs at constant pressure but the contents 
must first be shaken to form an emulsion. Stabilizers are necessary and 
glycerylmonostearate may be added to compensate for the loss of 
whipping quality due to homogenization. On release of pressure, cream 
is propelled through the outlet valve. The propellant volatilizes to form 
a whipped structure of high overrun, a specially shaped outlet nozzle 
permitting the cream to be piped directly into cakes or other confec
tions. The whip is less stable than that produced mechanically and 
shrinkage occurs on storage. Freons are generally considered to pro-
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duce a better whip than nitrous oxide alone, but where permitted, 
gaseous and liquefied propellants are normally used in combination. 

The aerosol packing principle has been extended to instant mousse 
which consists of cream, stabilizers and appropriate colouring and 
flavouring. 

(e) Clotted (scalded) cream 

Clotted cream is a regional product of south-west England, character
ized by a thick and spreadable texture, nutty flavour and slightly 
granular texture. The colour varies from a pale to a deep yellow 
depending on local preference. Clotted cream was, for many years, a 
farmhouse product and significant quantities are still made on a small 
scale by traditional means. These involve the batch heating of milk in 
shallow pans during which the fat rises and agglomerates at the surface. 
Protein denaturation occurs and a crust forms which is removed, after 
slow cooling (ageing), by skimming spoons. 

Two methods of larger-scale manufacture are used producing two 
types of clotted cream; float cream, which is similar to the traditional 
farmhouse type, and scald cream. Float cream is made in large, 
open-top vessels often arranged in tiers. These are part-filled with 
skim, or whole, milk and a layer of mechanically separated cream of 
fat content ca. 50% is poured onto the milk, the whole system having 
a fat content of ca. 15%. The milk: cream system is heated by steam, 
or hot water, until a crust forms (45-60 min) and is then cooled by 
circulating water. The cooling stage lasts ca. 12 h at which stage the 
crust temperature is 4-7°C. The crust is removed manually by a 
scoop, fat remaining in the milk usually being recovered for butter 
making. 

Scald cream is produced from mechanically separated cream with a fat 
content of 55-60%. The cream is poured directly into trays 13-25 mm 
in depth and heated by hot water, steam or hot air. The body of the 
cream attains a temperature of 77-85°C, but the crust is cooler and care 
should be taken to ensure that the temperature is sufficiently high to 
prevent microbial growth. After heating for 45-70 min the cream is 
cooled to ca. 7°C over a 12 h period. 

Scald cream manufacture is more amenable to modification than float 
cream and a process has been described in which hot air ovens are used 
at a temperature of 65.5-100oC for 45-150 min. This process permits 
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scalding of the cream in plastic retail containers and thus minimizes 
handling. Small-scale use has been made of microwave heating, the 
reduced convection assisting clotting, and this method may well 
become more widely used. 

In the UK the processing received is legally considered to be equivalent 
to pasteurization, although allowance is made for slow heating and 
cooling and there is no requirement for thermograph records. In 
practice some processes are of marginal safety and extensive growth of 
micro-organisms may occur during both heating and cooling stages. 
Flash pasteurization of milk is sometimes employed but this may affect 
the subsequent behaviour of the cream during cooking. Post-cooking 
pasteurization of scald, but not float, cream is also possible. 

The manufacture and packaging of clotted cream involves considerable 
handling and high standards of hygiene must be maintained. Bulk 
containers are traditionally filled by hand, layer by layer, although this 
may be avoided in the scald process by cooking the cream in the final 
container. The practice of re-packing bulk clotted cream into retail 
containers in restaurants, gift shops, etc., does, however, lead to further 
possibilities for contamination, especially as no formal hygiene control 
may exist. 

Clotted cream is also subject to aerial contamination during manufac
ture and while air flow control procedures and the use of air filtration in 
sensitive areas reduce problems, the addition of nisin is permitted as a 
means of controlling mould growth. 

High-fat, spreadable creams are produced in other countries including 
Yugoslavia and Iran. Manufacture of some types involves passage of 
cream through a second, specially designed separator, but in other cases 
a heating process similar to that of scald cream is used. 

(f) Dried cream 

Dried cream may be considered to be a dried milk product with a higher 
fat content than dry whole milk. Depending on the initial cream the fat 
content is 40-70% and the moisture content less than 2% (cf anhy
drous milk fat, page 255). Spray drying (page 124) is used, problems 
arising not from the drying stage, but from handling the warm powder. 
The fat is in the liquid state on leaving the drying chamber and prone to 
membrane rupture and subsequent caking. Non-fat solids, usually 
sodium caseinate, and a carbohydrate carrier (lactose, sucrose or 
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glucose) must be present to encapsulate and protect the fat globules and 
cyclone filtration is not suitable due to caking on the cyclone walls and 
blocking of filters. A satisfactory solution is to remove the powder from 
the dryer on a moving belt and cool to solidify the fat in a fluidized bed. 
Alternatively, the Filtermat ™ dryer (see Chapter 3, page 129) may be 
used. 

Dried cream powder is susceptible to oxidation and manufacture 
requires a high heat treatment, prior to drying, to inactivate lipases and 
the addition of an anti-oxidant before storage. A 'free-flow' agent such as 
calcium silicate should also be added and the storage temperature 
should be sufficiently low to maintain the fat in solid form and prevent 
caking. 

Dried cream has only limited functionality and does not reform as the 
natural product unless special emulsification and homogenization pro
cedures are used. The product does, however, have an ingredient role as 
a free-flowing milk fat concentrate. 

(g) Frozen cream 

Cream which is intended purely for ingredient use where structure is 
unimportant, may be frozen without any special precautions. In other 
cases, where it is required that the properties of the defrosted product 
closely match those of natural cream, fast freezing to prevent damage to 
the milk fat globule membrane is essential. In the UK a popular means of 
freezing cream is the use of modified ice lollipop freezers to cast the 
cream into rod-shaped moulds which are frozen by immersion in 
calcium chloride at -30°C. Operating efficiency is impaired by high 
cream viscosity and this should be controlled by separation at high 
temperatures. High fat cream cannot be cooled below 10°C without 
becoming of unacceptably high viscosity and should be stored for no 
more than 4 h before freezing. 

Several alternative approaches to freezing are possible including blast 
freezing of cream in retail cartons. This is particularly suited to clotted 
cream which is relatively insensitive to the effects of freezing. With 
other types equipment is available which ensures rapid freezing by 
spraying a refrigerant, usually polypropylene glycol in water, onto a 
stainless steel belt or drum carrying a layer of cream. 

Frozen cream, like dried, is prone to lipolysis during storage and 
prefreezing heat treatment should be of sufficient severity to destroy 
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lipases. This usually involves flash pasteurization at 82°C. 

(b) Cultured (sour) cream 

Cultured cream is a fermented milk product manufactured using 
Streptococcus lactis subspecies as starter cultures. The product is 
discussed in detail in Chapter 8 (page 366). 

(i) Substitute creams 

The demand for substitutes arises primarily for economic reasons rather 
than the dietary concern which has stimulated the development of other 
dairy product substitutes. Indeed the high sugar content of many 
substitute creams precludes their acceptance as truly 'healthful' foods, 
although low calorie and reduced-fat substitutes are now increasingly 
popular. 

Imitation cream is available in a number of consistencies correspond
ing to the different types of natural cream. The product resembles 
natural cream in being a fat in water emulsion. A fat content of 15% is 
common, such a formulation also containing ca. 7% sugar, ca. 3% 
milk solids-non-fat and 0.4% emulsifier. Vegetable fats are used, the 
selection of fats depending on the properties required in the 
end-product. Fat modification permits close matching with desirable 
organoleptic properties (see Chapter 6, page 246), but in all cases 
homogenization, usually two-stage, is an essential part of processing. 
The physical properties of imitation creams closely resemble those of 
their natural counterparts, but the physico-chemical relations of the 
fat globules are entirely different. 

Imitation soured cream is made using acidulants such as glucono-o
lactone and has recently found popularity as a 'party-dip'. 

Some types of imitation cream are suitable for whipping, but various 
types of 'whipped topping' are produced. These include aerosolized 
products containing 24-35% fat, 6-15% sugar and 1-6% vegetable 
protein which, in combination with stabilizers and emulsifiers, produce 
a very stable whip. Frozen, ready whipped toppings and powders, 

• Coconut oil! widely u ed In whipped toppings. This oil is rich in laur! acid and 
imparts lability to whip by ilS hardness at ambient and ub-ambiem temperatures, but 
has a sharp melting point at 25°C prodUCing an acceptable mouth·feel. 
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formulated for easy reconstitution, are also widely available and utilize 
the same basic ingredients. Flavouring and colouring may be added to 
produce a mousse. 

Coffee whitener is prepared either as a liquid product, frozen for retail 
distribution or as a powder blend. The fats in such products are usually 
of non-dairy origin. 

Low calorie cream substitutes are made in which a sweetener, usually 
aspartame, replaces sugar and there is an increasing demand for 
products in which the fat is partly or wholly replaced. Bulking agents 
such as carboxymethylcellulose, pectin or polydextrins may be used as 
the base, or the fat may be replaced directly by fat-replacers such as 
Stellar TM, prepared from modified com starch, or Simplesse™, prepared 
from whey protein concentrate. Dried cream extract may be added to 
improve flavour. A product with many of the properties of cream, 'cell 
cream', has also been developed which consists of ultrafine cellulose 
particles dispersed in water. 

(j) End-product testing 

End-product testing is required for all types of cream, whether made 
from dairy ingredients or substitutes. Chemical analysis is required to 
ensure the cream is of correct fat content with respect to legislative 
requirements. It is also necessary to determine the physical properties 

BOX 5.2 There's some are fou 0' brandy 

Although cream is an important ingredient of high value products 
including fresh trifles and cream liqueurs, there have been few 
attempts to add value to the product itself. Cream has been retailed 
combined with chopped fruit and a few years ago 'flavoured' cream 
appeared briefly in south east England. A Significant factor in the 
failure of these creams was probably the incompatibility between 
the flavours chosen and the natural flavour of cream, although the 
chances of success were not helped by the amateurish and 
unattractive packaging design. In contrast, cream flavoured with 
brandy is successfully sold on the Christmas market by at least one 
multiple retailer, it appearing that there is considerable synergy 
between the flavour of cream and that of the more mellow spirits 
(cf Cream liqueurs, page 210). 
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of the cream to assure quality and adequate performance in end-use. 
Microbiological analysis, including sterility testing, is necessary to 
ensure satisfactory processing and handling. 

5.2.7 Cream as a major ingredient of non-dairy products 

Cream is added as an ingredient to a large number of commercial food 
products including canned soup, dried bakery mixes, etc. In this context 
the cream serves as a source of dairy fat and its structural properties are 
of little importance. There are, however, two major product groups, 
cream cakes, desserts, etc., and alcoholic cream liqueurs, where cream is 
both a major ingredient and a major determinant of the properties of the 
complete product. 

(a) Cream cakes, desserts, etc. 

Pastry cakes with whipped cream ftlling or topping are a traditional 
luxury product, cheaper varieties being finished with imitation creams. 
A highly stable whip is required for cakes sold for home consumption at 
a later time, collapse of the whip and leakage of the serum being serious 
faults. The major problem associated with cream cakes, however, is that 
of poor hygiene and consequent food poisoning (see page 217). 
Improvements have been made in recent years, particularly with respect 
to proviSion of refrigeration, but potential problems remain. These stem 
partly from operational factors including the amount of handling 
required and the difficulty of cleaning equipment such as savoy bags, 
used for filling the cakes, and some types of whipping equipment. 

Whipped cream is also used as a topping for dairy desserts. These are 
based on edible starch or, less commonly, gelatin together with 
stabilizers, flavour, colouring and, in some cases, fruit pieces. A very 

BOX 5.3 Skim milk masquerades as cream? 

It is likely that while some decrease in the use of cream in everyday 
cuisine has occurred this is compensated for by increased use in 
luxury items such cream desserts. The dietary conscious, who 
routinely follow a low fat diet, often see such products as 'rewards' 
which may be consumed on special occasions such as expensive 
restaurant dining. There is, however, interest in the development 
of 'healthy' cream including reduced cholesterol types. 
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stable whip is required to withstand the long storage life of these 
products. Manufacture is on a large-scale minimizing manual cream 
handling, but a high level of hygiene control is required. 

(b) Alcoholic cream liqueurs 

Cream liqueurs comprise a range of high value added compound 
beverages containing milk fat, alcohol from various sources, sodium 
caseinate, sugar and, sometimes, emulsifiers, flavour and colouring. Most 
cream liqueurs are of similar chemical composition containing ca. 40% 
solids (15% butterfat, 20% sugar, 5% other non-fat solids) and ca. 14% 
alcohol. Low alcohol cream liqueurs containing less than 10% alcohol 
have been made but are prone to spoilage by species of Lactobacillus 
and pasteurization of the finished product is required. 

Successful manufacture of alcoholic cream liqueurs depends on the 
production of a stable emulsion and the avoidance of creaming, the 
simplest process being the addition of cream, sugar and alcohol to a 
solution of sodium caseinate and homogenizing twice at 55°C and 
30 MPa. The emulsion is then cooled, stabilized, flavoured and 
coloured. 

Effective homogenization is essential to prevent creaming and formation 
of a 'fat-plug' in the bottle neck, but a more serious potential problem is 
emulsion instability, which is usually due to calcium-induced aggrega
tion at higher storage temperatures. This phenomenon may be amelio
rated by addition of citrate salts to sequester calcium and by this means 
a wide range of products of different solids, fat and carbohydrate 
content may be made. However, the use of butter oil, which is 
effectively calcium free , in place of cream can offer a more satisfactory 
solution . 

• Most bakery operations a.re considered to be of low risk with respect to food poisoning 
and product perishability and in many cases cream cakes are the ole exception to this 
generalization. Thi inevitably leads to the danger that the nature of hazards and the 
corresponding precautions are not fully appreCiated. A strong management commitment 
is required to avoid thi danger and should include provision of adequate and continuing 
operator training as well as suitable premises and facilities. Problems are not restricted to 
attitudes at operative level, however, and it is considered unfortunate that some 
management sectors within the bakery industry are still unable to accept that the 
microbiological safecy of cream confections, and nOt changes in the pastry texture, must 
be of over· riding importance in determining maximum pe.rrnltted display temperatures. 
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BOX 5.4 The singer not the song 

Cream liqueurs are generally considered to be luxury items and 
marketing success depends on a consumer perception of high 
quality. In some cases this has been obtained by brand extension, 
linking the cream liqueur to an established brand of spirits or, in at 
least one case, to a market-leading chocolate. More recent brands, 
however, have placed greater emphasis on the source of the cream 
to reinforce the quality perception. Packaging is designed to evoke 
images of rich cream from the pastures of the Channel Islands, 
Devon and Wales. 

5.3 CHEMISTRY 

5.3.1 Nutrients in cream 

The nutrients in cream reflect those present in the unseparated milk and 
the degree of separation, levels of water soluble nutrients falling, while 
those of fat soluble increase. The concentration of vitamin A, for 
example, is two to three times greater than that of whole milk in 10% fat 
cream and 8 to 12 times greater in 40% fat cream. Losses during 
processing largely correspond to those of milk (Chapter 2, pages 
76-80), losses of vitamin C and folic acid being of particular significance 
in UHT and in-container sterilized cream. Significant losses of vitamin 
B12 also occur during in-container sterilization. 

5.3.2 Flavour and aroma of cream 

The characteristic flavour and aroma of cream are derived primarily 
from constituents of the fat phase, although there is also a contribution 
from constituents of the aqueous phase and the milk fat globule 
membrane. Alkanoic acids (ClO, 12), ()-lactones (Cs, 10, 12), indole, 
skatole, dimethyl disulphide and hydrogen sulphide, at the levels 
commonly present in cream, are considered to contribute to the desired 
flavour, there being a marginal contribution from phenol and phenolic 
compounds such as o-methoxyphenol. Oxidation during whipping may 
improve flavour and 4-cis-heptanol, if present in microgram per kilo
gram quantities contributes to the full flavour. 

Changes during processing are similar to those which occur in milk 
(Chapter 2, pages 80-83), the extent of change depending largely on 
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the severity of heating. Changes in the fat phase are of greatest 
significance and compounds such as lactones, desirable at low levels, 
cause off-flavours at the higher levels associated with UHT and 
in-container sterilization. 

Lipolysis may occur during production of double cream as a result of 
milk lipase activity in the separated cream before pasteurization and is 
enhanced by re-warming cold milk. The phenomenon is fairly unusual 
and unpredictable. Batch variation within a production run may be 
explained by factors such as the extent of mechanical damage during 
separation and the length and temperature of holding before pasteuriza
tion, activity being greatest at ca. 40°C. Day to day variation is less easy 
to explain and while the phenomenon may be more common in spring, 
seasonal change in feed plays little, or no, role. 

Deteriorative changes in cream flavour during storage result primarily 
from fat lipolysis or oxidation. Cream which has not been heated 
sufficiently to inactivate casein-associated lipase is, theoretically, highly 
prone to lipolysis, but in practice the life of such cream is likely to be 
limited by bacterial spoilage. Lipolytic enzymes produced by psy
chrotrophic bacteria in the raw milk are of greatest significance in UHT 
sterilized milk, although problems can result from long refrigerated 
storage of pasteurized cream. The spoilage potential is high in cream 
due to the high fat content and to the tendency of psychrotroph lipases 
to partition into the fat phase. However free fatty acids are less readily 
detectable in cream than milk, contributing to an overall perception of 
deterioration. Psychrotroph-derived proteases may also cause spoilage 
involving thickening, gelation and bitter flavours. 

Cream is highly prone to lipid oxidation especially in the light. 
Oxidation is accelerated by light in the wavelength range 31 ~90 run, 
but wavelengths of 44~90 run are most damaging. Plastics normally 
used for manufacture of pots for pasteurized cream offer no effective 
protection. Lipid oxidation is rapid in raw and pasteurized cream, but 
free -SH groups formed from ~-lactoglobulin during UHT or 
in-container sterilization provide a considerable degree of protection. 
This permits the packaging of VHT processed cream in individual-

• In UHT sterilized cream saturated aldehydes fonned by oxidation of lipids are an 
important cause of off· flavours, buranal, decanal, hexanal and nonanaJ being identified in 
10% cream processed by direct Steam injection. Levels fall during Storage due, possibly, 
to binding to heat denatured proteins or 'scalping' by polyethylene packaging material 
(Hutchens, R.K. and Hansen, H.R. 1991.]oumalojFoodProtectfon, 54,109-12). 
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serving plastic containers and some in-container sterilized cream in 
glass jars. Homogenized cream is more susceptible to oxidation as a 
greater surface area of fat is exposed to oxygen. 

As with milk (page 83), the milk fat globule membrane may play either a 
pro- or anti-oxidant role depending on other factors. It has been 
proposed that the oxidation of phospholipids in the membrane may 
trigger the oxidation of triacylglycerols in fat globules, although it is also 
possible that metallo-proteins such as xanthine oxidase are primarily 
responsible for oxidative capacity. 

Cream will readily absorb flavours from external sources including 
some packaging materials. In this context polyethylene is considered to 
be very 'clean', but may selectively remove (scalp) some desirable 
components. 

5.3.3 Viscosity of cream 

Fat content has an obvious effect on viscosity, higher fat creams tending 
to be most viscous. The properties of the fat are also important, cream 
containing a higher proportion of high melting point fats being more 
viscous. Homogenization is the major technological dete,rminant at any 
given fat concentration. The mechanism involves breaking down exist
ing fat globules to form a larger number of smaller globules stabilized by 
adsorbed protein including casein micelles and subunits. In cream the 
high fat content limits the extent of fat dispersion due to the competing 
effect of globule coalescence in the homogenizing valve and, in cream of 
sufficiently high fat content, the mutual obstruction of globules to their 
own breakup. Viscosity increases during storage due to the progressive 
flocculation of fat globules and to the strengthening of the structure 
formed by the gradual accretion of casein micelles onto globule surfaces 
and bridging at the points of contact. The rate of viscosity increase 
during storage is dependent on homogenization pressure, fat content 
and heat treatment. 

Some double creams are unstable, especially if subject to agitation, and 
'buttering' may occur due to rupture of the milk fat globule membrane 
and release of free fat. 

5.3.4 Feathering of coffee cream 

For a number of years attempts to elucidate the basis of feathering were 
concentrated on the properties of the cream, but it is now recognized 
that coffee polyphenols play an important role. Casein micelles bind to 
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each other and to fat globules. The micelles aggregate when exposed to 
high temperatures, sufficient calcium and phosphate being present to 
permit the deposition of calcium phosphate. The aggregated micelles 
are destabilized by polyphenols such as chlorogenic acid (1 ,3,4,5-
tetrahydrocyclohexane carboxylic acid-3-[ (3,4) dihydroxycinnamate]) 
and coagulate with accompanying release of free fat. The stability of the 
micelles is affected by the cream pH value and total solids content and 
the degree of feathering is also very sensitive to small increases in fat 
content. For any given cream the likelihood of feathering depends on 
two variables, the concentration of chlorogenic acid and the ratio of the 
ultraviolet absorbance at 340 and 261 nm. 

5.3.5 Whipping of cream 

During the early stages of whipping air bubbles are formed which, 
initially, are stabilized by milk serum proteins. Fat globules are then 
adsorbed at the air interface, losing the milk fat globule membrane 
which accumulates in the aqueous phase. At the interface the fat 
globules remain discrete and protrude into the lumen of the air bubble. 
The original, protein-stabilized air/water interface remains between the 
fat globules. In the final stage of whipping a matrix of partially coalesced 
globules forms which traps the air bubbles (Figure 5.6). The strength 
and stability of the whip are determined by the strength of the air 

bubble and are greater in high fat cream where the matrix is more 
extensive and supportive. Above 40% fat, however, the bubble surface 

Air 
bubble 

Figure 5.6 Relationship between fat globules and air bubbles in whipped 
cream. Redrawn with permission from Rothwell, J. 1989. The Cream Processing 
Manual, 2nd edn. Copyright 1989, The Society for Dairy Technology. 
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becomes more solid with coalesced fat and the organoleptic quality of 
the whip is reduced. The fat matrix is also more supportive at low 
temperatures, when a higher proportion of the fat is solid, and stability is 
rapidly lost as the temperature increases. Compositional changes have 
an important effect on the whipping quality of cream. The early stages of 
whip formation are affected by changes in the quantity of surface active 
material which in turn affects the air/milk serum interface and the 
subsequent adsorption of fat. This accounts for variation according to 
the source of the bulk milk and for seasonal variation. Cream of high 
somatic cell count due to mastitis is slow in whipping, producing a stiff 
whip with reduced overrun, but free fatty acid content, contrary to 
some assumptions, appears to have no direct effect on whipping 
qualities. 

5.3.6 Chemical analysis 

Chemical analysis is required both in production control (see page 192) 
and for end-product testing. Fat content is obviously of greatest 
significance and either traditional methods such as the Gerber tech
nique, or instrumental methods such as the Milko-tester™ may be used. 
It is necessary, however, to validate these techniques against definitive 
methods of fat analysis such as the Babcock or Rose-Gottlieb. Other 
parameters such as solids-non-fat may be determined using methods 
developed for liquid milk, although some modifications to protocols 
may be required to accommodate the high fat content. 

The phosphatase test is used as an index of pasteurization, but problems 
due to reactivation are more common in cream than milk. The use of a 
technique which can differentiate residual and reactivated phosphatase 
may, therefore, be necessary. Alternative enzyme inactivation tests may 
be required where severe pasteurization is used (see Chapter 2, page 
88). 

As with milk, no index test exists for UHT sterilization and the turbidity 
test, used for in-bottle sterilized milk, is not valid for use with 
in-container sterilized cream. In these cases processing must be verified 

• Simple technlques for measurements of viscosity, suitable for use in small creameries, 
may be devised by use of a l .ittJe ingenuity. Such techniques include measurement of the 
time taken for cream to flow through a rube device and the panem of cream flow from 2 
sparula. In each case the conditions must be rigidly tandardized and a common 
deSCriptive vocabulary must be used in the latter test (Rothwell, J. 1989. The Cream 
Processing Manual. Society for Dairy Technology, Huntingdon, UK). 
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using microbiological analysis (see pages 98-101 ). 

Rheological and, in the case of whipping and coffee cream, in-use 
properties are important determinants of quality and acceptability and 
form an important part of end-product testing. Viscosity of cream may 
be accurately determined using a viscometer such as the Brookfield™. 
The instrument cost is, however, relatively high and skill is required in 
use and interpretation. 

Whipping cream is subject to an in-use test in which the time taken to 
reach the whipping end point is measured and the overrun calculated. 
The stability of the whip to leakage should also be determined by 
weighing a standard quantity into a filter funnel containing a perforated 
disk. The funnel and contents are supported over a measuring cylinder 
and the quantity of serum leaking from the whip measured after 24 h at 
4 and IS°C. Stability tests are also appropriate for prewhipped cream. 
Whipping tests should be carried out at low temperature and under 
carefully controlled conditions. The whipping endpoint can be difficult 
to determine and requires skilled personnel working to predetermined 
criteria. 

Usage tests are sometimes applied to coffee cream to determine 
whitening power and resistance to feathering. Whitening power is 
determined objectively, although instruments could presumably be 
used. Feathering is also determined subjectively, but can give at best 
only a very broad indication of the degree of resistance unless the role of 
the coffee is taken into account. This requires sophisticated analytical 
equipment and is unlikely to be possible on a routine basis. 

5.4 MICROBIOLOGY 

5.4.1 Cream, cream-based products and foodbome disease 

In recent years the safety record of pasteurized cream has been very 
good, although cream has been implicated, on epidemiological grounds 
as the source of Listeria monocytogenes infection. There have also been 
unpublished accounts of staphylococcal food poisoning most of which, 
although not fully investigated, appeared to involve mishandling in the 
home. Cream has been identified as vehicle of infection in a single case 
of Bacillus cereus food poisoning. This is one of the few cases of illness 
due to B. cereus in dairy products, despite the high incidence of the 
organism. 

There are no known reports of foodbome disease associated with UHT 
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or in-container sterilized cream, or with clotted cream. 

Cream-based products have been associated with a number of outbreaks 
of staphylococcal food poisoning, despite a suggestion that growth and 
enterotoxin production by Staph. aureus in cream is poor. Cream cakes 
have been most commonly involved, underlying causes being poor 
hygiene, especially at the whipping and filling stages, the high level of 
'hands-on' operations and inadequate temperature control. The situation 
has improved in recent years with refrigerated display cabinets in wide 
use, but problems do still occur. An outbreak on a cruise ship, for 
example, involved 215 of 715 passengers. The cream was contaminated 
by a carrier food handler, but temperature abuse was a major contribu
tory factor. 

Fresh cream desserts have previously been a cause of concern. Increas
ing popularity, however, has led to large-scale and more highly auto
mated manufacture which has been effective in eliminating high risk 
operations. Trifles and similar desserts produced for catering functions 
are still associated with foodborne disease, usually staphylococcal 
intoxications. In many cases, however, the situation is confused by 
cross-contamination and temperature abuse meaning that a number of 
foods are possibly involved. 

5.4.2 Spoilage of cream and cream-based products 

(a) Pasteurized cream 

Spoilage of pasteurized cream is similar to that of pasteurized milk (see 
pages 91-4). Until the advent of large-scale sales of milk through 
supermarkets, cream was expected to be of significantly longer storage 
life and greater effort was extended in obtaining a product of lower 
initial count and ensuring storage temperatures were adequately con
trolled. Some reports suggest that cream tends to be of better microbio
logical status than milk, but the extent to which this represents the true 

• Elaborate trifles and desserts produced in catering establishments often require a very 
high level of handling during final preparation. For this reason such products (and to a 
lesser extent cream cakes) are considered high risk products with respect to food 
poisoning due to viruses such as mall, round, structured viruses (SRSVs). Many 
outbreaks, other than those due to molluscan shellfish, have been associated with persons 
actually suffering SRSV food poisoning, or continuing to shed virus after infection (there 
is no true carrier state). The low wages and lack of job security prevalent in many sectors 
of the catering industry can mean that staff are unwilling to report Sickness and, unlike 
many types of food poisonlng, it is perfectly possible to work while suffering SRSV 
infection providing the initial explosive symptoms have subsided 
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situation must be questioned. Commercial experience suggests that 
under refrigerated storage, microbial numbers are similar to those of 
pasteurized milk. There can, however, be wide variation both between 
different suppliers and different types of cream. The latter probably 
reflect differences in processing and are most marked with thick double 
cream subjected to a slow cooling stage. Despite this cream with high 
initial counts is not necessarily of shorter refrigerated storage life. 

The high fat content of cream means that lipolysis tends to be more 
important in the spoilage pattern associated with growth of psy
chrotrophic bacteria, such as Pseudomonas, derived from post-process 
contamination, although proteolysis also contributes to spoilage. Heat 
resistant Bacillus species are important in spoilage at temperatures 
above lOoC, although comprising only 30% of the spoilage microflora. 
As with milk, the incidence of Bacillus species shows a seasonal 
variation and is highest in late summer and autumn. Bacillus cereus is 
very common and frequently comprises more than 50% of endospore
forming bacteria. 

Yeasts are occasionally involved in spoilage of baker's whipping cream 
containing added sucrose. Candida /ipo/yticum and Geotrichum can
didum are of greatest importance. Mould growth can also occur on the 
surface of cream stored at temperatures of 0-1 °C to obtain an extension 
of storage life. Species of Penicillium appear to be most common. 

(b) Extended heat treatment cream 

Where post-process contamination is prevented, spoilage of extended 
heat treatment cream is due entirely to surviving endospores of Bacillus 
species. There is, however, doubt that the claimed extension of storage 
life to as long as 4 weeks at lOoC is possible in practice and at least some 
microbiologists consider that, without a full sterilization, it is not 
possible to extend the storage life beyond 14 days. 

The behaviour of endospores of Bacillus has been studied in some detail 
with respect to their behaviour during heating of dairy products. In 
general it appears that increasing the severity of single heat treatments 
shortens rather than lengthens the storage life (see page 52). A double 
heat treatment does, however, offer some scope for a longer shelf life, by 
activation, germination and outgrowth of endospores during the first 
heat treatment and inactivating the vegetative cells during the second. 
The temperature combinations used commercially in Germany (see 
page 197) do not appear to be optimal, research having shown that 
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115°C is the most effective temperature for activation of endospores. 
This temperature should, therefore, be used for the first heat treatment, 
normal HTST pasteurization being adequate for the second stage. 
Despite this it is not possible to ensure that all endospores are activated 
by heating, or that activated endospores proceed to germination and 
loss of heat resistance. 

( c) UHT and in-container sterilized cream 

Spoilage of UHT cream is normally due to failure of packaging, or of 
packaging systems and entry of post-process contaminants. Post-process 
contaminants, often derived from cooling water, may also enter double 
seam cans, even where the seam is not overtly faulty. Post-process 
contamination of cream sterilized in glass jars can occur, but is less 
common. 

Endospores of Bacillus species may survive both UHT and in-container 
sterilization, although endospores of the highly heat resistant B. stearo
thermophilus will not outgrow in temperate climates. Under some 
circumstances viable endospores of mesophilic Bacillus species will 
also fail to develop. 

The importance of heat resistant enzymes produced by psychrotrophic 
bacteria in the spoilage of cream has been discussed in page 212. 

(d) Clotted cream 

The numbers of bacteria in clotted cream vary considerably depending 
on the nature of the process, the degree of control and the standard of 
hygiene. In most cases Bacillus species are dominant, although non
endospore-forming thermoduric species such as Enterococcus are 
present where lower cooking temperatures are used. Problems due to 
low cooking temperatures are often exacerbated by slow heating and 
resulting bacterial growth before the final temperature is attained . 

• Newly formed endospore remain largely dormant, even if conditions are suitable for 
germination. Dormancy can be broken by a number of treatments, including heat 
hocki.ng, which are collectively known as activation. Heat hocking, however, is 

reversIble and the endo pores may not proceed to germination. Germination occurs in 
response to a chemical trigger uch as l ·alanine or glucose and is a rapid process marked 
by 10 o~ refractility and a burst of metabolic activity due to preformed, but inactive, 
enzymes 10 the spore protoplast. Heat resistance i lost at this stage. In the absence of a 
speCific treatment such as heating, activation occurs as spores age, an increasing 
percentage of the population becoming capable of germination with increasing time. 
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Bacterial spoilage of clotted cream has been reported during the cooling 
stage, although this probably involved cream made under primitive 
conditions with inadequate equipment and process control. Spoilage of 
finished product is almost invariably by yeast or mould growth on the 
surface, although this can be controlled by nisin. The unusual marketing 
of clotted cream through souvenir shops, etc., and the practice of postal 
distribution with total lack of temperature control can contribute 
Significantly to microbiological problems with clotted cream. 

(e) Cream-based products 

The shelf life of fresh cream cakes is usually short, although spoilage of 
cream in cakes by Bacillus species has been noted where temperature 
control was poor. In contrast commercially produced desserts have a 
long storage life and spoilage of the cream component was a relatively 
common problem before the general level of manufacturing hygiene 
was improved. Post-process contaminants, such as Pseudomonas and 
members of the Enterobacteriaceae, were most commonly involved, 
initial numbers being high due to contamination during handling. 

Although the microbiological status of desserts has improved in recent 
years, spoilage still occurs, usually as a result of poor temperature 
control during extended storage. Growth of micro-organisms appears to 
be enhanced at the interface between the cream topping and the body 
of the dessert. Moisture sometimes accumulates at the interface and 
additional nutrients such as sugars are present. On some occasions this 
has led to a growth of film yeast at the interface and, on one known 
occasion, the development of a large colony of a Bacillus species. 

5.4.3 Microbiological analysis 

In general methods used for microbiological analysis of milk (see page 
97) are suitable for cream. These include predictive methods for 
assessing shelf life, although there is normally no attempt to assess the 
effects of retail handling. The methylene blue test has been widely used 
as a screening test for the microbiological quality of cream, but its value 
must be doubted. 

The high fat content of cream may interfere with some rapid methods 
and where used careful validation is necessary. 

Microbiological examination of clotted cream should include counts for 
yeasts. An antibiotic-containing medium such as Rose Bengal-
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chloramphenicol or oxytetracycline-glucose-yeast extract agar is pre
ferred to low pH value media such as malt extract agar. Media used for 
selective recovery of yeast will also recover moulds, but the value of the 
colony count technique for assessing mould contamination is dubious in 
any circumstances. Hyphal biomass may be determined by a number of 
techniques but both methodology and interpretation can be difficult 
and beyond the resources of small-scale creameries. Incubation at ca. 
20°C and examination for mould development may be the most suitable 
technique. 
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EXERCISE 5.1. 

You are employed as all purpose scientist to a small company 
making a range of fresh cream products. The Managing Director 
considers that a niche market exists for hand-skimmed 'real' 
cream. Test marketing, however, is disappointing since the 'nostal
gia factor' is insufficient to offset the high cost of the 'real' cream. 
It is therefore proposed to 'plant' articles concerning hand
skimming in up-market food magazines in which the supposed 
superior technical and organoleptic properties of the 'real' cream 
are stressed. You are asked to write a report providing a scientific 
basis for these claims. Are you able to find any evidence that 
would permit you to write such a report without compromising 
your professional ethics? 

EXERCISE 5.2. 

You are employed as a consultant to a local entrepreneur who 
wishes to extend his operations into re-packing clotted cream into 
twee ceramic containers for the tourist trade. Use the hazard 
analysis, critical control point technique to prepare an operational 
procedure which will ensure the safety of the operation from 
receipt of the bulk cream to display of the prepackaged product. 
What special precautions must be taken concerning the training 
and supervision of operatives? 

EXERCISE 5.3. 

Many attempts have been made to extend the storage life of cream 
by application of extended heat treatments, but little attention 
appears to have been given to the effect of such treatments on the 
chemical properties of cream. What are the likely consequences of 
commonly used single and double extended heat treatments 
(page 197) with respect to nutritional status and undesirable 
organoleptic changes? Consider these in relation to both pasteur
ized and UHT sterilized cream. Design a statistically based pro
gramme for the comparative organoleptic assessment of cream 
processed using three extended heat treatments. 
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EXERCISE 5.4. 

Your employment as chemist for a medium sized manufacturing 
creamery involves some trouble shooting as well as routine 
analysis. Your company produce, for a leading multiple retailer, a 
brandy-flavoured double cream sold only during the Christmas 
period (see page 208). This is made by simply blending a double 
cream with a brandy syrup. After Christmas complaints were 
received concerning curdling of the cream. Investigations have 
shown that the curdling was not accompanied by any other 
manifestation of spoilage and examinations suggest that micro
organisms were not involved. All of the affected packages were 
made from a batch of cream brought in from an outside supplier. 
This cream differed from that produced in-house by a higher fat 
content (50.5 versus 49%) and a lower pH value (6.55 versus 
6.8). It had also been subjected to a higher temperature pasteur
ization (75.5 versus 72.5°C). Consider the possible interactions 
between the components of cream and ethanol and postulate a 
mechanism for the curdling. Which, if any, of the properties of the 
brought in cream are likely to have been predisposing factors for 
curdling? Suggest simple means by which the problem may be 
avoided in future years. 
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BUTTER,MARGAJUNE 

AND SPREADS 

OBJECTIVES 

After reading this chapter you should understand 
• The nature of butter, margarine and spreads 
• The ingredients used in their manufacture 
• The technology of their manufacture 
• The major control points 
• The technology and uses of industrial dairy fats 
• The basic chemistry of procedures for modifying fats 
• The physico-chemical structure of butter, margarine and spreads 
• Microbiological hazards and patterns of spoilage 

6.1 INTRODUCTION 

Butter has been produced since ancient times and was an internationally 
traded commodity as early as the 14th century. Butter was originally 
made direct from milk on a small scale and factory production dates 
from the 1850s when gravity separation of cream became common 
practice. Mass production, however, only became possible after the 
development of the mechanical separator in 1877. 

Butter, historically, was an expensive commodity and the price 
remained relatively high even after the introduction of larger-scale 
production. Unsuccessful attempts had been made on a number of 
occasions to produce a cheap substitute for butter, but in 1870 the 
French chemist Mege-Mouries produced 'oleomargarine', which had a 
taste and consistency resembling that of butter. Margarine, as the 
product became generally known, was seen as a cheap substitute for 
butter and quality was judged on how close a resemblance was 
achieved. For many years, in the socially stratified UK society, margarine 

A. H. Varnam et al. (eds.), Milk and Milk Products
© Alan H. Varnam and Jane P. Sutherland 1994
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was seen as a food of the poor and a visible sign of an inferior life style 
and social status. 

Improvements to the quality of margarine did lead to an increasing 
market share, although the status as a butter substitute remained largely 
unaltered. The situation was changed, however, by the desire for a 
product that could be spread direct from the refrigerator and by the 
growing perception of milk fat as unhealthy. Requirements for spread
ability and healthfulness can be met by manufacturing margarine with a 
high level of polyunsaturated fats and such products may be chosen in 
preference to butter, rather than as a cheap and implicitly inferior 
substitute. 

Both butter and margarine have a minimum fat content of 80% and for 
many dietary conscious persons this level is too high irrespective of the 
nature of the fats. This has resulted in the introduction of a wide range of 
spreads of lower fat content. In many countries there are currently no 
legal standards or definitions of spreads, although a working classifica
tion is possible based on fat content (Table 6.1). Spreads may be based 
on vegetable fats, a blend of vegetable and butterfat, or butterfat alone 
(light butter). In addition an increasing number of products are 
available in which the fat constituent is partially substituted by a partial 
fat replacer such as Nutrifat™ or entirely substituted by a fat replacer 
such as Simplesse™ or Stellar™. A probable future development is the 
use of a zero calorie fat such as the sucrose polyester Olestra TM, which is 
not adsorbed by the intestine. Olestra ™ does not currently, however 
have 'generally recognized as safe' status. A further possibility is the 
development of products of relatively high fat content, but containing a 
high level of monounsaturated fatty acids, specifically oleic acid, which 
is considered to have a positive protective effect against heart disease. 

BOX 6.1 Scales of justice 

In the US, the National Association of Margarine Manufacturers has 
claimed that the more stringent nutritional labelling required for 
margarine places the product at a competitive disadvantage with 
reduced-fat butter products. The descriptor 'no cholesterol', for 
example, when applied to margarine must be accompanied by a 
declaration of fat content in grams per serving (in addition to 
existing declarations ). No equivalent labelling is currently 
required for reduced-fat butter products. 
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Table 6.1 Classification of yellow fat spreads 

Fat content (%) 

72-80 
50-60 
39-41 
<30 

Description 

Full fat 
Reduced fat 
Low fat 
Very low fat 

A dairy spread is a full fat blend of dairy and vegetable fats. 
Based on Charteris, W. P. and Keogh, M. K 1991.]ournal of tbe Society of Dairy 
Tecbnology, 44, 3-8; Mageean, P. and Jones, S. 1989. Food Science and 
Tecbnology Today, 3, 162-4. 

The possibility also exists of incorporating n-3 fatty acids from marine 
oils which protect against cardiovascular disease by reducing blood 
platelet aggregation and clotting. At the technical level there is interest 
in developing spreads which dm undertake the function of margarine 
and shortening in baking. 

Although sales of butter relative to other yellow fats have fallen 
markedly in recent years, the western European practice of absorbing 
surplus milk fat by butter production means that output has not fallen 
proportionately. This has resulted not only in the much publicized 
'butter mountains', but also in considerable efforts to utilize butter, or its 
derivatives, as a food ingredient. Two derivatives, anhydrous milk fat and 
fractionated milk fat, are of considerable importance and may be used 
directly as ingredients or as starting materials for a wide range of dairy 
fat products. 

BOX 6.2 Butter will only make us fat 

The use of different fat sources for spreads attracts different market 
sectors. In the UK, for example, dairy-based spreads are favoured 
by those young persons who prefer the realistic butter flavour and 
by persons with low income and large families who consider 
spreads a cheap alternative to butter. Low fat spreads based on 
vegetable fats are favoured by the more dietary-consciOUS young 
and by middle-income groups because of the price advantage over 
polyunsaturated margarines. 
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6.2 TECHNOLOGY 

6.2.1 Butter 

Butter manufacture involves four basic processes: 

1. Concentration of the fat phase of milk. 
2. Crystallization of the fat phase. 
3. Phase separation of the oil in water emulsion. 
4. Formation of a plasticized water in oil emulsion. 

In conventional butter making the four processes are followed in 
sequence, but different process routes are followed in some types of 
continuous butter making. The basic process is illustrated in Figure 6.1. 

(a) Cream 

Cream separation effects the concentration of milk fat, although in 
high-fat continuous butter making further concentration is required 
(see page 235). Centrifugal separation is used (see page 186) and cream 
is usually concentrated to a fat content of 41 %. The use of hermetic 
separators to avoid aeration is recommended. This concentration per
mits churning without excessive energy consumption, reduces the 
amount and fat content of the buttermilk and produces a butter of low 
base moisture content, making it possible to add salt as a slurry without 
exceeding a maximum moisture content of ca. 16%. A relatively high 
separation temperature of 50-55°C is used to reduce subsequent 
problems due to lipases. 

Heat treatment of the cream, usually in a plate heat exchanger designed 
and operated to minimize damage to fat globules, is necessary to destroy 
vegetative micro-organisms and has a further important function in 
improving keeping quality by continuing the inactivation of lipases and, 
in the case of higher temperature treatments, producing anti-oxidant 
sulphydryl groups. The beneficial effects may, however, be partially 
offset by the migration of the pro-oxidant copper into the fat phase from 
the serum. Heat treatment involves temperatures in the range 
85-112°C, but 85-95°C for 10-30 s is most common. More rigorous 
treatments can lead to quality defects due to production of excess 
quantities of sulphydryl groups and consequent poor flavour. In some 
countries, notably New Zealand, deodorization by vacuum (vacreation) 
may be used, sometimes in conjunction with heat treatment by direct 
steam injection. This process is also effective in removing other taints 
such as those derived from feed, but may adversely affect the flavour of 



228 Butter, margarine and spreads 

Milk CCP2 

• Preheat CCP2 

• Separate CCP2 

• Pasteurize CCP1 

• Cool CCP2 

• Age CCP2 

CCP2 Temper Ripen CCP2 

Churn CCP2 

Buttermilk !~ Salt CCP2 

Work CCP2 

• Silo 

CCP2 Bulk Pack 

t 
CCP2 Store 

t 
CCP2 Rework 

Retail pack CCP2 

Figure 6.1 Basic process for the manufacture of butter. 

butter made from good quality cream by removal of desirable flavour 
volatiles. When used in conjunction with heating by direct steam 
injection, shear effects reduce the size of the fat globule and cause high 
fat losses in the buttermilk. Indiscriminate use of vacuum deodorization 
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CONTROL POINT: SEPARATION AND HEAT TREATMENT OF CREAM 
CCP 1 

See Chapter 5, page 195 (separation), Chapter 2, page 52 (heat 
treatment ). 

should be avoided and the cause of problems such as feed taint 
eliminated rather than the effects. 

(b) Crystallization of the fat phase 

Crystallization of the fat phase occurs during the related processes of 
ageing and ripening. Many of the physical properties of butter are 
determined at this stage by the ratio of solid to liquid fat present and the 
shapes and sizes of the fat crystals. However, the middle and high 
melting point triacylglycerols which are responsible for physical proper
ties are themselves affected by factors beyond the immediate control of 
the buttermaker including pasture condition, type of winter feed and 
breed, age and nutritional status of the cattle. 

Large numbers of very small fat crystals are required in butter and other 
yellow fats and crystallization can be achieved by rapid cooling of the 
cream from above the final melting point of the fat to a temperature 
below the churning temperature, usually 3--7°C. Fat at pasteurization 
temperature is fully liquid and it is necessary to take account of the 
latent heat of crystallization released during cooling. The final tempera
ture and length of holding are more important than the cooling rate and 
while nucleation is substantially complete within 60 min at ca. 5°C, a 
minimum of 4 h holding is necessary for the development of an 
extensive network of stable fat crystals. 

Rapid cooling leads to the formation of impure (mixed) crystals of 
middle and high melting point triacylglycerols with higher levels of 
solid fat. This is advantageous with soft spring or summer butterfat, since 
it facilitates churning and minimizes the quality defect 'oiling-off' but is a 

• Fo .. many years research in dairy cattle breeding and feeding has been concentrated on 
improving milk yieJds_ Over the past 10-15 years it has become apparent that higher milk 
yields have been accompanied by harder winter milk fat, which has required adjustments 
to buner making technique. 
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disadvantage with hard butterfat. The extent of difficulties may be 
minimized by tempering which increases the relative quantity of liquid 
fat and improves the spreadability and consistency of the finished butter. 
Tempering involves the 'cold-warm-cold' cycle and the process is 
developed from the Alnarp process, originally used to facilitate cooling 
and handling of highly viscous ripened cream (see below). Cream is 
warmed from 6--8 to 14-21°C and then cooled again to 8-13°C. 
Optimum temperatures at each stage depend on the triacylglycerol 
content of the cream and its melting and solidification properties. 

(c) Ripening 

Cream is ripened by culture with a mixed starter. The composition of 
the starter varies, but usually comprises Lactococcus lactis ssp. lactis or 
L. lactis ssp. cremoris in combination with L. lactis ssp. diacetylactis or 
Leuconostoc mesenteroides ssp. cremoris. At its simplest, ripening 
involves culture at ca. 20°C, until the desired pH value or diacetyllevel 
is reached, when growth of the starter is stopped by cooling to below 
10°C and crystallization commences. Lower ripening temperatures are 
used in the summer when butterfat is soft than in the winter. The Alnarp 
process is now widely used both to facilitate cooling the viscous ripened 

CONTROL POINT: CRYSTALliZATION OF CREAM CCP 2 

Control 

Determine required treatment either by determination of iodine value 
or, preferably, by measurement of melting and crystallization properties. 
Personnel responsible to be trained and experienced. 

Ensure optimum temperature-time combinations applied. 

Fit holding equipment with thermograph. 

Monitoring 

Inspection of thermograph records. 

Verification 

Analysis of end-product. 
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Table 6.2 Modification of cream ripening to produce hard or soft butter 

Hard butter 
1. After pasteurization cool cream to ca 19°C, inoculate with starter, 

incubate at 19°C until the pH value falls to 5.2. 
2. Cool to ca. 15°C, hold for 2 h . 
3. Cool to churning temperature. 

Soft butter 
1. After pasteurization cool cream to ca rc, inoculate with starter, hold for 

2-3 h. 
2. Slowly warm, using water at 25°C, to ca 19°C, incubate until the pH value 

falls to 4.9. 
3. Cool to ca 15°C, hold for 2 h. 
4. Cool to churning temperature. 

cream and to produce butter of the desired texture. This process may be 
modified to permit either hard or soft butter to be made (Table 6.2). 

Traditionally used cultural processes have a number of disadvantages in 
addition to the high viscosity of the cream. These primarily relate to 
spoilage potential in that, in contrast to sweet cream butter, copper is 
preferentially retained in the butter leading to a shortened life due to fat 
oxidation. At the same time, the free fatty acid content of ripened cream 
butter is higher and more fat soluble leading to a greater risk of the 
development of rancid or soapy flavours. The NIZO process overcomes 
the problems associated with conventional culturing of cream by 
separate culture of the starter organisms and subsequent addition of 
culture and lactic acid to the cream. 

Ageing and culturing of cream is carried out in vertical silos fitted with 
agitators to ensure proper mixing and jackets to provide temperature 
control. There is a continuing trend to larger silos to reduce variability, 
an important factor when using continuous buttermaking. Tempering in 
the silo is pOSSible, but the use of heat exchangers, usually of the 
plate-type, is more efficient with cream of relatively low viscosity . 

• The IZO system employs specially selected tarter cultures. A sub-species of L lactis 
which produces large quantitie of tacric acid is used as the acidifying organism. After 
fermentation the lactic acid is concentrated by reverse 0 mo is to avoid undue dilution of 
the cream. Leuconostoc mesenteroides ssp. cremoris is used to produce diacetyl. The 
train used is selected for activity in production of the precursor, acetoiactate and pH 

reduction and culture aeration are used to ensure a high level of conversion of 
acetolaclate to diacetyl. 
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CONTROL POINT: CULTIJRlNG OF CREAM CCP 2 

Control 

Conventional 

Ensure starter performance adequate (See Chapter 7, page 294). 

Maintain fermentation vessel at correct temperature. 

Fermentation to be stopped at correct pH value and diacetyllevel. 

NIZO-type 

Ensure lactic acid concentrate and culture of correct composition. 

Make addition to cream at correct level. 

Monitoring 

Conventional 

Starter performance (see Chapter 7, page 294). 

Fermentation vessel to be fitted with thermograph. 

Progress of fermentation to be monitored by determination of pH value. 

NIZO-type 

Lactic acid concentration determined by analysis. 

Culture concentration checked by direct microscopic examination. 

Addition to be supervised by trained and experienced personnel. 

Verification 

All processes 

Examination of plant records. 

Quality of end-product. 
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Cream in the silos should be thoroughly mixed, but it is important to 
ensure that fat globules remain undamaged. A propellor-type agitator, 
used intermittently, offers the best solution to these potentially conflict
ing requirements. It is essential to avoid production of a foam and the 
agitator should be automatically disconnected during filling and empty
ing operations. 

(d) Transfer of cream to churning 

Transfer of cream from the silo to the churn, together with the 
adjustment of cream temperature to that required for churning, is an 
important process which may be overlooked during considerations of 
factors leading to butter quality. Consistency of cream is important, 
especially where continuous butter making is employed, key factors 
being: 

1. Chemical composition (pH value, fat content). 
2. Physical characteristics (viscosity, fat crystallization). 
3. Temperature. 

The optimum temperature is most conveniently obtained by passage 
through plate heat exchangers operated with a low pressure drop and a 
temperature differential of only I-2°C between cream and the hot water 
heating medium to minimize burning-on. In conventional batch butter
making the churning temperature is not dependent on the fat content of 
the cream, but is modified by the hardness of the butterfat, pH value of 
the cream and the size and design of the churn. In general terms, 
however, a churning temperature in the range 5-7°C is appropriate, the 
actual temperature used being chosen empirically on the basis of lowest 
fat losses into buttermilk. The situation is different in continuous 
buttermaking where account must be taken of the fat content of the 
cream as well as the hardness of the butterfat. An approximation of the 
ideal churning temperature may be obtained using simple formulae: 

BOX 6.3 Things weighty and solid 

Extensive release of free fat as a consequence of mis-handling can 
lead to cream setting solid in the silo. This is one of the ultimate 
disasters which can befall a butter plant. The loss of the cream and 
the disruption of production have Significant financial conse
quences. From the technical viewpoint, however, the more impor
tant consideration is devising a means of emptying the silo! 
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1. Summer T = (56-F)/2. 
2. Winter T = (5~F)/2 . 

where T is the temperature in °C (to the nearest 0.5°C) and F is the fat 
content. 

(e) Churning and working 

Churning and working are consecutive and related stages of butter 
manufacture during which the oil in water (o/w) emulsion is broken 
followed by phase separation and formation of a plasticized water in oil 
(w/o) emulsion. In virtually all cases these operations take place in a 
single piece of equipment, the butter churn in conventional batch 
production and the continuous buttermaker in the more modern 
continuous production. 

Commercial-scale butter churns were originally constructed of wood 
and consisted of large, horizontally mounted, rotating cylinders. In most 
cases the churns contained pairs of rollers for working the butter. 
Wooden churns are difficult to clean and sanitize and have largely been 
replaced by churns fabricated from stainless steel. Stainless steel churns 
do not contain rollers but to facilitate working are irregularly shaped in, 
for example, cubical, single or double conical configurations. Capacities 
range from ca. 250-2500 kg. In all types of batch churn a large mass of 
cream is destabilized relatively slowly, the mechanical stress necessary 
to destabilize the emulsion being applied by rotating the part filled 
churn so that cream is lifted up the ascending wall and cascades to the 
base. Although some very large creameries continue to make extensive 
use of batch churns, most modern installations involve continuous 
buttermakers and the batch churn is increasingly restricted to use in 
small creameries where production of butter is on an irregular basis. 

Three main types of continuous buttermaker have been developed 
(Table 6.3). Of these the accelerated churning, Fritz-type is generally 
favoured (Figure 6.2), although large numbers of the phase-inversion 
type are in use in the former Soviet Union and other eastern European 
countries. A number of manufacturers build buttermakers of the Fritz-

• Ideally cream handling at thi stage hould involve as little damage to the fat globule as 
po ible. However a small, controlled degree of destabilization is beneficial in reducing 
power consumption during churning, reducing fat losses in buttennilk and minimizing 
the effect of any variation in the properties of the cream. Equipment is available which 
achieves the required degree of destabilization by injecting filtered compressed air into 
the cream and producing foam by passage through a tatic mixer. 
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Table 6.3 Types of continuous butter maker 

Accelerated churning (Fritz-type) 
Butter grains formed from cream by high speed beaters. After draining off 
buttermilk, the resulting grains are worked into butter. 

Phase- inversion 
Cream is further concentrated to ca. 80% fat. The concentrated cream is then 
phase inverted from an oil in water to a water in oil emulsion. 

Emulsification 
Cream is further concentrated and the emulsion broken. Fat, water and salt 
concentration are standardized, followed by re-emulsification, cooling and 
working. 

Figure 6.2 Schematic diagram: accelerated churning-type continuous butter
maker. Redrawn with permission by APV Pasilac Anhydro AlS, Copenhagen, 
Denmark. Key: 1, primary churning cylinder; 2, separating section; 3, regulating 
gate; 4, vacuum chamber; 5, working sections; 6, butter pump. 

type and detailed design can vary considerably. The basic operating 
principles are, however, the same in each case. 

Continuous buttermaking involves the rapid destabilization of small 
quantities of cream. Cream is fed to the top of the buttermaker via a 
balance tank and a variable speed positive displacement pump. The 
cream enters the primary churning section consisting of a chilled, 
horizontal cylinder where the emulsion is broken by a rotating multi
bladed dasher. The cream is aerated and the globules damaged over a 
period of 1-2 s. The speed of the dasher is infinitely variable to permit 
control of the size of the butter grains formed, a speed of ca. 1000 rpm 
being usual. Higher speeds produce larger butter grains but can also lead 
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to retention of buttermilk and high fat losses. 

The mixture of buttermilk and butter grains formed during primary 
churning passes into the secondary churning section which consists of a 
large diameter perforated drum, which rotates at a variable speed, 
usually 35 rpm. Butter grains undergo consolidation and aggregation 
during passage along the screen and the buttermilk is drained. In some 
designs the first part of the secondary churning cylinder is fitted with a 
slow-speed dasher. A portion of the buttermilk may be cooled and 
recycled to the secondary cylinder to maintain the butter grains at low 
temperature. It was also previous practice to wash the butter grains at 
this stage. Washing is now generally considered to be undesirable due to 
potential microbial contamination, increase in the water content of the 
butter and problems of disposing of wash water. Butter made without 
washing is also considered to be of better flavour. 

Buttergrains pass from the secondary churning cylinder to the working 
section, which is normally inclined upwards to facilitate drainage of 
buttermilk. In the first part of the working section a pair of contra
rotating augurs consolidates the buttergrains into a heterogeneous mass 
and expels further buttermilk. The augurs also serve to move the mass 
forward through a series of perforated plates interspersed with rotating 
mixing vanes. The amount of work may be varied by using plates of 
different perforation diameters, increasing or decreasing the number of 
plates and mixing vanes, or by varying the angle of some of the vane 
blades. In this section shear forces further consolidate the mass of 
buttergrains and break up droplets of remaining buttermilk to form the 
aqueous phase of the water in oil emulsion, droplet size being ideally 
less than 10 Ilm. Working is an extremely important part of the 
buttermaking process and it is at this stage that colour, appearance, 
consistency, and spreadability are determined. Underworking produces 
a final butter having a crumbly consistency, while overworking results 
in a weak body resembling thick cream. In each case large water 
droplets, or free moisture are likely to be present. 

Drainage of buttermilk is completed in the working section and, 

• In addition to microbiological problems, chemical taintS may be dedved from wash 
water. In one instance 'soapiness' in butter was attributed to the pre ence of high levels of 
alkyl benzene ulpbonates derived from arntizer. The levels present were too high to 
have been dedved from residual contamination of equipment and it was concluded that a 
burtermaker had substituted an alkyl benzene sulpbonate-based anitizer for the chlorine· 
based compound used 10 disinfect the wash water (ReineCCius. G. 1991. CRC Critical 
Reviews In Food Science and Nutrition , 9, 197-212). 
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together with that draining at the end of the secondary churning 
section, forms a pool in the base of the machine. The pool is maintained 
at a constant level by a siphon device which can be controlled to alter 
the degree of drainage. Small fat grains entrained in the buttermilk float 
to the surface of the pool and may be re-incorporated into the mass 
passing through the working section. Recovery of fat from the butter 
milk is sometimes enhanced by incorporating a spinning disk clarifier 
into the buttermaker and by passing buttermilk over a vibrating sieve 
after removal from the buttermaker. Centrifugal cream separators have 
also been used to obtain maximum fat recovery, but some loss of fat 
with the buttermilk is inevitable. 

Continuous buttermaking can result in the incorporation of more than 
5% air and some machines are fitted with a low-pressure chamber in 
which the air content is reduced to less than 1 %. This process results in 
a dense, fine textured product but, contrary to some opinion, has no 
Significant effect on the onset of rancidity. After the low-pressure 
chamber the butter is reworked to complete emulsification. The two 
working sections can be driven independently, in which case a larger 
low-pressure chamber can be installed. Such an arrangement also allows 
greater flexibility, but the additional operational variable can make 
control more difficult. 

Butter is salted either in the churn or in the continuous buttermaker. 
Salting is an important process and it is necessary to prevent loss of salt 
in the buttermilk. For this reason addition is made after washing (if 
used) and draining. Salting results in an osmotic gradient between the 
salt granules and the buttermilk which tends to aggregate the water 
droplets leading to free moisture and the defect 'mottling'. This may, 
however, be minimized by adequate working and the use of finely 
ground salt. The salt used must also be of high purity and contain not 
more than 1 mg/llead, 10 mg/I iron or 2 mg/I copper. 

In continuous buttermaking, salt is dosed into the first working section 
using a positive displacement pump. A concentrated brine may be used, 
but since the solubility of NaCl in water is 26% (w/w) this is practical 

• Microbial growth in buttermilk can be rapid and under some Circumstances the 
buuerrnilk pool can be a focu of contamination of the finished butter. The need for strict 
control of hygiene in all aspects of bu tterrn ilk handling has been recognized for a number 
of years, but ignorance stiU lead to occasional problem . pecific good manufacturing 
praclice gujdeline for handJjng of buuermilk and arutization of equipment hould be 
prepared Within the master manufacturing instructions. 
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only when butter of a low NaCI content ( < 1 % ) is required. The butter 
before working must also be of low water content to allow for the water 
content of the brine. A salt concentration of 2% in the final butter is 
common in the UK and requires the addition of salt as a saturated 
suspension containing 50% NaCl. High salt butter containing 3-4% 
NaCl involves addition of a slurry containing up to 70% NaCl, although 
at this concentration problems with butter quality due to free water are 
more likely. 

Salt used for preparing the slurry should have granules of a nominal 
40 J.UIl diameter, with none exceeding 50 Ilm. The water should be of 
potable quality and supplementary treatment such as ultraviolet steril
ization may be required to destroy any psychrotrophic bacteria present. 
The slurry should be prepared at least 2 h before use to obtain 
saturation and to ensure that remaining crystals are very small. Agitation 
throughout use is necessary to maintain homogeneity. 

(D Butter handling and packing 

Butter leaving the churn is usually loaded direct onto trolleys and 
wheeled manually to packing equipment. This process, if adequately 
controlled, is acceptable in small-scale manufacture, but is inefficient 
and involves a high risk of contamination. Continuous buttermakers may 
be arranged to discharge directly into the receiving hopper of packing 
machinery. This arrangement has the advantage of simplicity but, to 
ensure uninterrupted operation of the buttermaker, it is more usual to 
transfer the butter to a silo using a butter pump, consisting of two large 
interlocking rotors operated at low speed. 

Butter silos are of two types, the sealed and the open. Sealed silos consist 
of a vertical cylinder with a telescopic feed pipe and a piston, which is 
acted on by an air cylinder to keep the butter under constant pressure. 
Butter is discharged from the base of the silo into pumps for transfer to 
the filling line. The sealed system minimizes contamination but is of 
limited capacity (ca. 900 kg) and not suited to large creameries. Open 
silos have a capacity of up to 10 tonnes and are constructed with steeply 
inclined, or vertical sides to prevent butter lodging. Large, contra
rotating augurs in the base are used to discharge the butter to pumps. In 
each case handling should either be gentle to avoid generating high 
shear forces leading to coalescence of water, or the butter should be 
re-emulsified after leaving the silo. 

Butter may be packed direct into retail portions and this procedure is 
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CONJROL POINT: CHURNING, WORKING AND SALTING CCP 2 

Control 

Butter must be correctly textured and homogeneous with no free 
moisture. 

Butter must meet legal requirements for moisture content. 

Ensure butter of correct NaCI concentration and NaCI distributed 
evenly throughout butter (salted butter). 

Prevent microbial contamination of butter from growth in buttermilk or 
from NaCI slurry ( continuous process). 

Ensure NaCI of suitable chemical purity. 

Monitoring 

Conventional 
Ensure chum correctly ftlled, drained at correct time and worked for 
correct period. 

Continuous 
Ensure correct operation of buttermaker. 

Determine water content of butter leaving churn or buttermaker, either 
by dielectric instruments fitted to buttermaker or by near-infrared 
analysis. Ensure NaCI crystals suffiCiently fine, or slurry correctly made 
up. Monitor dispersal of NaCl. 

Implement regular cleaning schedule for buttermilk handling in con
tinuous buttermaker. Monitor performance of equipment used for 
treatment of water used in preparation of NaCI slurry. 

NaCI to be obtained from a reputable supplier and of guaranteed 
chemical quality. 

Verification 

QUality of end-product. 

Chemical analysis of end-product. 

Calibration of automated moisture control equipment. 

Microbiological analysis of water used in preparation of NaCI slurry and 
of end-product. 

AnalYSis of NaCI for chemical purity. 

Examination of plant records. 
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more economical. In many countries, however, the highly seasonal 
production means that initial packing into bulk containers of 25 kg 
capacity is common practice. Initial bulk packaging can also be advanta
geous with respect to the quality of the consumer pack, since the 
reworking required (see below) improves plasticity. For this reason it is 
now common practice to rework all butter before packing to ensure 
good spreadability. 

Bulk packaging consists of cardboard boxes lined with vegetable 
parchment, aluminium foil or various plastic films, especially polyethyl
ene. Polyethylene is the preferred material and is economical, virtually 
sterile and copper free, the most suitable type being food grade, low 
density and high impact. Parchment is still widely used, but supports 
mould growth under conditions of high humidity. Special precautions 
have been advised and it is recommended that butter containers should 
either be lined with dry parchment, or with parchment treated by 
immersion for 24 h in concentrated brine containing 0.5% sorbic acid. 

Retail packs of butter, commonly 250 g in weight, are usually wrapped 
in vegetable parchment or in foil-parchment laminate. Vegetable parch
ment is still popular in the UK, but is permeable allowing water (and 
thus weight) loss during storage and tending to become greasy if the 
storage temperature is too high. Parchment also allows ultraviolet light 
to penetrate leading to an accelerated onset of oxidative rancidity, 
although this problem may be minimized by incorporating titanium 
dioxide pigment in the parchment. Foil-parchment laminate is more 
expensive, but this is justified by superior performance and appearance. 

Transparent films provide a very good appearance and are occasionally 
used for 'premium' quality butter, but display life is short due to 
oxidative rancidity. The rigidity of cold stored butter and the cost 
largely precludes the use of preformed plastic packaging popular with 
other yellow fats. An exception is individual butter packs, widely used in 
catering, which are made from polyvinyl chloride in a form-flll-seal 
process. 

Bulk packed butter is fairly stable and no significant changes occur at 

• Phthalate ester , which are suspected cardnogens have been detected in buuer and 
margarine packed in (oil/parchment laminates. This has been attributed to contamination 
of the inner parchment layer from the phthalate ester coating of the foil during storage as 
a roll (Page, B.D. and Lacrobe, G.M. 1992. Food Additives and Contaminants, 9. 
J 97-212). 
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-10°C for 6 months. Within the EEC, national Intervention Boards 
stipulate a storage temperature of -15°C, although in practice tempera
tures as low as -30°C are used which enable butter to be stored for 
periods in excess of 1 year. On removal from the cold store butter must 
be tempered to 6-8°C under conditions of controlled humidity to limit 
condensation. The compositional and organoleptic qualities should be 
checked at this stage, before comminuting and reblending the butter. 
This is necessary to restore plasticity by breaking down the matrix of fat 
crystals and also provides an opportunity to increase salt or moisture 
levels to the maximum permitted and to correct any free moisture 
problems. 

On a small-scale re-packing involves comminuting the butter in a 'shiver' 
and blending in a batch blender equipped with variable-speed, contra
rotating Z-blades. Continuous reblending equipment resembles the 
working stage of a continuous buttermaker, fitted with a mechanical 
chopper to comminute the butter. 

Butter from different sources may be blended prior to packing and 
added-value ingredients may be introduced. These include garlic and 
chopped herbs. Starter culture and diacetyl concentrate may also be 
added at this stage. 

(g) Special types of butter 

A number of special types of butter have been developed. In most cases 
these are attempts to offset the competitive advantages of margarines 
and spreads in terms of spreadability and healthfulness. 

One of the most effective means of producing a spreadable 'butter' 
involves the use of butter : vegetable oil mixtures. Such products 
cannot be described as butter and are effectively full fat dairy spreads, 
marketed under proprietary names such as Bregott ™ (Sweden) and 
Clover™ (UK). The manufacturing technology, however, usually 
involves buttermaking processes, although margarine-based technology 
can also be used and avoids the production of a 'buttermilk'-like 
by-product. Vegetable oil may be blended with butterfat at any stage 
from the milk before separation to the finished butter, but the most 
common process is to blend the two fat types directly before buttermak
ing. Emulsifiers are often added to assist churning and to stabilize the 
final product. Batch churns or continuous buttermakers may be used, 
but it is necessary to take account of the softer nature of the fat. 
Vegetable oil must be present at levels of 15-35% to be effective, 
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CONTROL POINT: STORAGE AND PACKING OF BUTTER CCP 2 

Control 

Ensure storage temperature correct throughout storage. 

Protect butter from any form of contamination during storage. 

Avoid excessive shear forces during handling. 

Rework butter to correct extent. 

Ensure packaging used (both for bulk and retail packs) provides 
adequate protection and is not itself a source of taints. 

Monitoring 

Monitor actual product temperature as well as air temperature on a 
continuous basis using thermographs. 

Butter should be stored away from strongly smelling foods in a properly 
designed constructed and maintained store. 

Monitor butter handling equipment for correct operation. 

Monitor operation of reworking equipment. 

Obtain packaging material from reputable supplier and use as recom
mended. Monitor performance of machinery. 

Verification 

Examination of thermograph and all other plant records. 

Personal knowledge of cold store and its management. 

Quality assessment of end-product. 

In-use assessment of performance of packaging. 
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unhydrogenated soya bean oil is most common, but rapeseed and 
sunflower oil are also used. Some products contain vegetable oils at 
levels considerably in excess of 35% and in this case some hydroge
nated oil must be present to impart plasticity. The manufacturing 
technology of such products, however, is similar to that of spreads and 
derived from margarine making (see page 249). 

Some improvement to the spreadability of conventional butter is 
possible using texturization. Texturization may be applied by vigorously 
kneading ready-churned butter. It is essential that crystallization has 
been completed before texturization and a 7 day resting period after 
churning is common. Texturization liberates liqUid fat from the crystal 
network and spreadability at refrigerator temperature is improved. The 
higher spreadability decreases during use, however, due to temperature 
fluctuations. 

Spreadability of ready-churned butter may also be improved by whip
ping, hardness being reduced proportionately to the quantity of gas 
phase whipped in. Butter is taken direct from a continuous buttermaker 
by butter pump and passed to a pin rotor mixer. Gas (nitrogen) is 
injected into the butter between the pump and mixer and the butter 
allowed to expand before packing into thermoformed plastic tubs. An 
overrun of 75% imparts satisfactory spreading qualities and the butter is 
relatively stable to temperature abuse. The structure, however, is coarse 
and spongy and the butter differs in appearance from conventional 
butter. Whipped butter has met some popularity in the US, but not in 
Europe. 

The industrial application of fat modification techniques, notably frac
tional crystallization, to butterfat has enabled spreadable butter to be 
made by combining a hard fraction with a very soft fraction. The 
technology involved is basically that of spread manufacture and involves 
blending of the fractions, cooling in a scraped-surface heat exchanger 
and texturization. An expensive double fractionation procedure is 
required and the finished product, which competes with low cost 
spreads and margarine, must be sufficiently attractive to command a 
premium price. A separate market must also be found for the medium 
melting point fat fraction. 

The fatty acid composition of milk fats, and thus the spreadability of 
butter, may be altered by modification of the diet of the dairy cattle (see 
pages 18-19). At present, however, economic considerations have 
prevented exploitation of the well established scientific knowledge 
available. 
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Low-fat (light) butter may be made by a number of processes. Although 
continuous buttermakers have been used successfully in some cases, 
large-scale production involves methods employed for spreads. There is, 
indeed, considerable overlap between low fat butters and low fat 
spreads containing butterfat and both types of product are discussed 
with spreads (pages 252-5). 

Recombined butter is made in countries which have no indigenous 
dairy industry. The starting material is a coarse water in oil emulsion 
made from anhydrous milk fat, skimmed milk powder, water and NaCI, 
which is processed and textured using margarine-making technology. 
Recombined butter tends to lack flavour, but is acceptable under some 
market conditions. 

(b) End-product testing 

End-product testing is required. Chemical analysis is largely concerned 
with ensuring compositional standards have been met. However physi
cal attributes are also of importance especially with speciality butters 
such as whipped and spreadable properties. Microbiological analysis is 
used primarily as an index of satisfactory hygiene during manufacture. 

6.2.2 Margarine 

(a) Ingredients 

Margarine, like butter, is a water in oil emulsion, although a number of 
other ingredients may be present (Table 6.4). The fat phase is of major 
importance in determining the physical properties of margarine, espe-

BOX 6.4 Honest, truthful and decent? 

The term low-fat, or light, butter is itself controversial and in some 
countries products containing less than 80% butterfat cannot be 
described as 'butter', even when the term is qualified. The use of 
'butter' as is descriptor is particularly strongly protected in tradi
tional dairy farming countries such as the UK. A low-fat spread 
(vegetable oils and buttermilk) with the brand name 'I can't 
believe it's not butter,TM, was the subject of considerable contro
versy and television advertising was initially banned. The resulting 
free publicity and an aggressive newspaper marketing campaign 
ensured success in the market-place. 
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Table 6.4 Representative composition of margarine 

Fat phase 
Aqueous phase l 

Emulsifier 
Colour and flavour 
NaCl or substitute 
Vitamins 
Preservative2 

Other minor additives2 

1 May, or may not, contain protein 
2 Permitted only in certain countries 
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cially the structure and its effect on consistency and plasticity. These 
factors depend in tum on the melting point of component triacylglycer
ols, the solid fat contents at any given temperature, the distribution of 
these solid fats over a temperature range and the polymorphic modifica
tion or crystal habit of the fat composition. 

It is desirable that the mouth-feel of margarine should resemble that of 
butter and the solid fat content at 35°C should be low to avoid a 
lingering greasy sensation during consumption. Before the widescale 
application of domestic refrigeration, margarines were formulated to be 
fairly hard and yet remain spreadable at cool room temperature, but 
spreadability at refrigeration temperatures is now considered to be of 
major importance as a physical attribute. There remains a demand for 
traditional hard margarine for use in baking where the quality of the 
baked product is of importance rather than mouth-feel and spreadabil
ity. Speciality margarines are also produced for use in making particular 
types of pastry. Puff-pastry, for example, requires a margarine of high 
melting point which has a waxy consistency at room temperature to 
facilitate rolling into the dough. 

A wide range of fats and oils have been used in margarine manufacture 
including those of animal, marine and vegetable origin. The role of 
margarine as a cheap substitute for butter means that the choice of fats 
has been strongly influenced by price and availability. In Scandinavia, for 
example, whale oil was previously widely used as a margarine ingredi
ent, while many Greek margarines are based on olive oil. Olive oil has 
not previously been widely used in other countries for margarine 
manufacture, but is now used elsewhere in production of a 'healthy' 
margarine high in the monounsaturated oleic acid. In some cases use of 
fats and oils is limited by technical considerations such as the phenom-
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enon of flavour reversion (see page 266) in soybean and marine oils 
which contain Significant quantities of linolenate. In some countries 
margarine may contain up to 10% of the fat as butterfat. 

Vegetable oils are now very widely used, especially in soft margarines of 
high polyunsaturate content, the most common being coconut, cotton
seed, palm oil, peanut and sunflower. Sunflower, which has a high 
proportion of the polyunsaturated linoleic acid, is particularly popular 
in Europe. 

All fats and oils must be fully refined to avoid the contribution of 
undesirable flavours. The required properties of the margarine may be 
imparted either by using a blend of fats or by modification of some, or 
all, of the fat present. A number of means of modifying the properties of 
fat are available (Table 6.5), but of these hydrogenation is of greatest 
importance and is used to raise the melting point of the fat (see page 
260). Indeed some experts consider that modification other than by 
hydrogenation and blending is generally unnecessary. The use of 
co-randomization is necessary, however, to permit the manufacture of 
100% sunflower seed oil margarine, while directed interesterification of 
olive oil is considered preferable to hydrogenation. 

From a technological viewpoint the blend of fats and oils used is 
determined by the required consistency of the end product, as defined 
by the solid fat index. Blends used for different types of margarine are 
illustrated in Table 6.6. Other factors must also be considered, canola 
oil, for example, which is widely used in Canada, requires the incorpo
ration of 10-15% palm oil to stabilize the f3' structure. 

The aqueous phase of margarine was originally skim milk, although 
water itself could be used. The usual current practice is to make up a 
'milk' consisting of water and a source of dry protein. This may be skim 
milk powder, but whey products are now widely used. 

Table 6.5 Modification of the properties of edible fats 

Non-selective hydrogenation 
Selective hydrogenation 
Fractionation 
Interesterification 
Directed interesterification 
Co-randomization 
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Table 6.6 Fat and oil blends used in different types of margarine 

1. Blend 
high level of high iodine value oil and a low level of low iodine value fat 

Margarine 
fluid margarines; 75-80% liquid oil stick margarines; high, polyunsaturated 
soft tub products 

2. Blend 
intermediate level of high iodine value oil and an intermediate level of 
intermediate iodine value fat 

Margarine 
high polyunsaturated margarines, 50% liquid oil stick margarines, soft tub 
products 

3. Blend 
low level high iodine value oil and high level intermediate iodine value fats 

Margarine 
low polyunsaturated, soft tub margarines; all hydrogenated stick products 

4. Blend 
blend of intermediate iodine value fats 

Margarine 
as3 

Note: Iodine value is a measure of the degree of unsaturation (see page 267). 
Data from Wiederman, 1. H. 1978. Journal of the American Oil Chemists' 
Society, 55, 823-9. 

An emulsifier is necessary to stabilize the emulsion. Mono-and diacyl
glycerols of fatty acids are used at levels of 0.1-0.3%, usually in 
combination with lecithin at a level of ca. 0.1 % . Lecithin encourages the 
reversion of the water in oil emulsion to an oil in water emulsion under 
the shear forces occurring during chewing. The creation of an oil in 
water emulsion avoids oily mouth-feel and enhances release of flavour 
compounds. Sodium sulphoacetate derivatives of mono- and diacylgly
cerols are also used and are particularly effective in preventing separa
tion of the fat and aqueous phases on melting and thus minimize 
'spattering' during cooking. 

Ideally the fats and oils used in margarine manufacture should be bland 
and make no contribution to the flavour of the final product. For many 
years the skim milk component was cultured with butter starter 
micro-organisms to provide flavour, but flavouring derived from butter 
is now used. Salt is also added both to enhance the flavour and exert 
some anti-microbial effect. 

Most margarine produced for the consumer market is fortified with 
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vitamin A, or vitamins A and D. Colouring is also added to enhance the 
natural yellow-orange colour of many oils. Beta-carotene is most widely 
used, although in some countries palm oil concentrate is an important 
colouring. 

The preservative potassium sorbate is permitted in the US, but not the 
UK, and the need for a preservative is questionable. Rancidity is not 
usually a problem in vegetable oil-based margarines due to the presence 
of tocopherols. Rancidity can develop in margarines containing animal 
fat and many countries permit the addition of antioxidants. Butylated 
hydroxyanisole, butylated hydroxy toluene and propyl gallate have all 
been used, but in each case doubt has been cast concerning adverse 
toxicological effects. Natural extracts of tocopherols or synthetic toco
pherols are therefore preferred. 

(b) Processing of margarine 

Detailed procedures used during margarine processing may vary, but 
the basic process is the same in each case (Figure 6.3). Processing is 
now organized on a batch-continuous, or fully continuous basis. 

The two phases are prepared separately, the oils and fats being blended 
and emulsifiers added. A 'milk' is prepared from water and a dry protein 
source and other water soluble ingredients such as salt and preserva
tives are incorporated. The two phases are then metered into an 

CONTROL POINT: INGREDIENTS CCP 2 

Control 

Ensure ingredients conform with formula requirements. 

Monitoring 

Obtain ingredients from reputable source. 

Verification 

Chemical analysis. 

Determination of physical properties such as hardness. 
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Fat and oil Water and dry 
blend protein 'milk' 

Emulsifier ---II.~I CCP2 j..-- Salt and 

~-----l'T'------"""'" preservatives 

Flavour, colour, ---__ .~ Emulsification 
vitamins t 

+ CCP2 Working 
(votator unit 8) 

I 

Pasteurization 

t 
Chilling and initiation 

of crystallization 
(votator unit A) 

I 

+ Packaging 

CCP2 

CCP1 

CCP2 

t 
Cooling tube CCP2 

I 
CCP2 

Figure 6.3 Basic process for the manufacture of margarine. 

emulsifying unit at 45°C and combined under conditions of vigorous 
agitation. Flavouring and a vitamin/colour premix are usually added at 
this stage. 

Emulsifying equipment is difficult to sanitize and pasteurization should 
be carried out downstream of the emulsification stage. Pasteurization is 
at 80-8SoC for 2-3 s in a scraped surface heat exchanger. 

The emulsion may then pass to a stirred tank (pre-crystallizing unit) 
where crystallization is initiated. More commonly, however, the emul
sion is chilled immediately in a scraped surface heat exchanger (vota
tor) to initiate crystallization. The heat exchanger consists of one or 
more steel cylinders cooled externally by a refrigerant, such as ammonia 
or freon, to -10 to -20°C. A shaft fitted with two or more rows of blades 
is mounted horizontally in the cylinder and rotates at 300-800 rpm. 
Only a small annular space exists between the blades and thus the 
chilled cylinder walls. High internal pressures and shear forces are 
generated which both favour the dispersion of the aqueous phase into 
small droplets and induce nucleation and fat crystallization during the 
10-20 s residence time, the product leaving the votator as a super-
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CONTROL POINT: BLENDING AND EMULSIFICATION CCP 2 

Control 

Ingredients must be fully blended. 

A stable emulsion must be formed. 

Monitoring 

Monitor correct operation of equipment. 

Verification 

Examination of process records. 

QUality of end-product. 

cooled emulsion. The most satisfactory results are obtained by use of 
multiple votator units, since heat transfer and shear requirements 
change as the emulsion cools and becomes more viscous. 

Processing after the votator varies according to the type of margarine, 
especially between stick margarines and soft tub products. In the case of 
stick margarine the emulsion passes to large diameter cooling tubes, 
fitted with sieve plates to produce shear conditions, in which fat 
crystallization continues to produce sufficient crystallization ('set') to 
allow moulding and subsequent processing. The extent of crystallization 
is a function of time and temperature and varies with different blends 
due to differences in the supercooling properties of the constituent fats 
and oils. Solid fat levels increase as crystallization proceeds giving the 
texture required at packing. 

CONTROL POINT: PASTEURIZATION CCP 1 

Control of pasteurization is similar to that of other pasteurized dairy 
products such as milk (Chapter 2, page 52). 
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In the case of soft tub margarines an extension of the plastic range is 
required and this is obtained by working during crystallization in a 
second votator unit. The working .unit is usually a pin rotor texturizer 
consisting of a large diameter cylinder fitted with stator pins on the 
walls in which a horizontally mounted shaft fitted with rotor pins rotates 
at 20-150 rpm. The residence time in the texturizer is up to 3 min, 
during which a:-polymorphs rearrange to the W-form (see page 258). 
Rearrangement releases heat which induces melting and recrystalliza
tion, while the vigorous mixing action prevents crystals forming a rigid, 
interlinked network. The average size of moisture droplets is also 
increased slightly, preventing greasy mouth-feeL 

Depending on the hardness, margarine is either moulded into sticks or 
filled into plastic tubs. Crystallization is completed after packaging, but 
before dispatch. Baking margarines may be tempered by holding the 
packaged product at a slightly elevated temperature to improve plastic
ity and creaming properties. 

Most margarine manufacturers employ variants of the basic process in 
order to most readily obtain the desired properties in the finished 

CONTROL POINT: CRYSTALLIZATION AND TEXTURIZATION CCP 2 

Control 

Correct operation of votators and associated equipment. 

Control of temperature during tempering. 

Monitoring 

Instrumentation to be fitted to processing equipment. 

Thermographs to be fitted at stages where temperature is a control 
parameter. 

Personnel to be trained and experienced. 

Verification 

Quality of end-product. 
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product. Several methods are considered to impart superior melting 
and eating properties. These include the use of a double emulsion, a 
water in oil emulsion in which the aqueous phase contains emulsified 
oil droplets and pre crystallization in which some of the chilled, 
partially crystallized emulsion, is fed back to the votator feed. It has 
also been claimed that similar effects to precrystallization are 
obtained by feeding a portion of the aqueous phase into the part 
crystallized mass leaving the votator. Blending occurs during subse
quent operations. 

A great many other variants of the basic process have appeared in 
patent literature. In most cases the intention is improvement of 
organoleptic qualities, especially with respect to texture and mouth
feel, but in many cases the improvement is too slight to justify the 
additional cost. 

(c) End-product testing 

End product testing is required for all margarines and spreads (see 
below). The basic purpose is the same as that of end-product testing 
of butter. It is necessary, however, to pay more attention to physical 
characteristics and, especially in the case of special purpose marga
rine, in-use testing in applications such as baking. In very low fat 
spreads, it may be necessary to test for emulsion stability during 
storage. 

6.2.3 Spreads 

As noted above high fat dairy spreads may be made using a continuous 
buttermaker, while margarine technology may be applied directly to 
high fat vegetable oil spreads. With reducing fat content, however, the 
aqueous phase becomes of increasing importance and the technical 
difficulties of maintaining a stable emulsion increase. Most current 
products are of the water in oil type, although some oil in water types 
are also available . 

• It has been argued that it i nor possible to maintain a water in oU emulsion below 
3~3% fat, since there is insuffiCient fat to separate oil droplets. Conversely, other 
workers belie"e that oil continuous emulsions can be maintained at 10% fat or less. There 
may, however, be no clear di tinction between the two type of emulsion and indeed in 
some products the two may coexist. The structure of the product has potentially 
important repercussions with respect to description and legal definitions (Glae ner, H. 
1990. Dairy Industries International, 55(9), 9-11 j Moran, D.P.}. 1990. Dairy Industries 
International, 55(5),4 1-4). 
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(a) Ingredients 

Fats and oils may be vegetable, dairy or a blend of the two. Choice of 
vegetable fats reflects the 'healthful' nature of the product and material 
high in polyunsaturates, such as sunflower seed oil, is widely used. 
Dietary considerations have also led to the proposed use of marine oils 
high in eicosapentaenoic and docosahexanoic acids and human milk fat 
substitutes for infant feeding. Hydrogenated fat is present to ensure the 
presence of fat crystals which are important in stabilizing the emulsion. 
Melting of the fat crystals in the mouth during consumption permits 
emulsion inversion, the product viscosity decreases and aqueous phase 
components such as salt and flavouring are released on to the palate. 
This process is important in determining the organoleptic quality of 
spreads. 

It is possible to stabilize high water content spreads by using high levels 
of mono- and diacylglycerol emulsifiers, but this method has now been 
superseded by the combined use of relatively low levels of emulsifiers 
and aqueous phase structuring agents. This allows closer matching of 
the rheological properties of the aqueous and fat phases and minimizes 
the coalescence of water droplets during processing and spreading. 
Wide use has been made of milk proteins such as sodium caseinate and 
buttermilk powder at levels of as much as 12% and polysaccharide 
stabilizers such as carrageenan, alginates and pectins at lower levels. 
Considerable use has also been made of gelatin. 

The level of use of structuring agents is critical, since too little results in 
an unstable product, while excess quantities lead to reduced organolep
tic quality as a result of high residual viscosity after fat melting during 
consumption. Very high levels of structuring agents are required in very 
low fat water in oil-based products and in all types of oil in water-based 
products, where the spread-like properties depend on a gelled aqueous 
phase. Combinations of milk protein and modified starch, gelatin and 
monoacylglycerols are all suitable. Starch products such as Paselli SA2 ™ 
or N_onTM are particularly useful in very low fat spreads since they 
impart a fatty or creamy texture and are highly effective in preventing 
coalescence of water droplets. Interactions between starch and milk 
proteins are of considerable importance in stabilizing very low fat dairy 
spreads such as St Ivel Gold Lowest™ which contains only 25% fat. 

The high water content of spreads means a lower level of microbiologi
cal stability and the use of potassium sorbate and, in some countries, 
benzoate as preservative is widespread. Preservatives are not, however, 
permitted in some countries, including France and Luxemburg. The 
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refrigerated storage life of very low fat products tends to be very short in 
comparison with equivalent products of higher fat content and the 
development of novel preservative systems may be required. 

(b) Processing of spreads 

Most water in oil spreads are processed using conventional margarine 
processing equipment, although there is considerable variation in the 
detailed processing of different spreads. In general, processing condi
tions are even more critical than with margarine, particular care being 
required when adding the aqueous phase to the fat phase to obtain the 
initial water in oil emulsion. Shrouded propeller mixers are widely used 
and it is necessary to vary the rate of addition of the aqueous phase, 
applied shear rates and intensity of mixing as the viscosity of the 
emulsion increases. Crystallization and working must also be carefully 
controlled to obtain the desired body and consistency. Use of two 
chilled votators is common, although in other cases an unrefrigerated 
crystallizing tube situated after the first votator unit is employed. 
Extensive use is made of pin rotor texturizers for working the spread 
during continuing crystallization. Variations include the use of precrys
tallization units situated before the votator to produce large crystal 
nuclei and a softer product, while crystallization may also be promoted 
by recirculating part of the crystallized mix. 

An alternative means of processing involves preparation of an initial oil 
in water emulsion and using high speed mixing and blending to bring 
about phase inversion during subsequent processing. Problems may 
arise with the stability of the final water in oil emulsion and this method 
is not widely used. 

At present few yellow fat, oil in water-based spreads are available, 
although the technology has been applied, on a limited scale, to 
processed cheese analogues and a 'spreadable mayonnaise'. Oil in 
water-based spreads have technical advantages in that processing is 
simpler and a wider range of fats may be used, while from the 
organoleptic viewpoint, there is a more rapid flavour release during 
consumption. Formulation, with respect to fat level and choice of 
hydrocolloids as water structuring agents, requires very careful control 
and tends to negate the advantages. The key manufacturing stage is 
homogenization and altering the conditions allows a range of products 
of different rheological properties to be made. 

Spreads made with fat replacers are entirely aqueous systems. These 
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resemble oil in water-based spreads with respect to the importance of 
water structuring agents and the high potential of microbial spoilage. 

6.2.4 Industrial milk fat products 

Milk fat and butter oil both have a fat content of not less than 99.7%, the 
prefix 'anhydrous' being applied where the moisture content is less than 
0.2% . The terms are often used interchangeably but whole milk is the 
starting point for milk fat and butter for butter oil. 

(a) Manufacture of anhydrous milk fat 

The basic process involves disruption of the milk fat globule membrane 
(MFGM) in order to break the emulsion and subsequent removal of the 
solids-non-fat and water. The MFGM may be disrupted mechanically or 
by acidillcation. 

Mechanical disruption is achieved by homogenization of a concentrated 
cream (70-80% fat). Specialist equipment is available, such as the 
Alfa-Laval centrillxator, which applies high shear forces to the fat 
globules. This results in rupture of the MFGM and phase inversion. After 
phase inversion the fat is further concentrated by centrifugation up to 
99.6% and heated under vacuum to ca. 95°C for removal of residual 
moisture. Globules remaining intact after phase inversion are recycled 
into incoming concentrated cream. 

Acidillcation involves the addition of an acid, usually citric, to lower the 
pH value to ca. 4.5. At this pH value the MFGM is destabilized by 
precipitation of the casein fraction. Destabilization is followed by 
rupture of the MFGM and the release of free fat. 

(b) Manufacture of butter oil 

Butter is softened at ca. 50°C before heating to 70-80°C. During heating 
the fat melts and the emulsion breaks. The oil phase is then concen
trated by separation in a series of two to four separators and dried under 

• Ghee j a traditional product of the tiddlc East and Asia, which is obtained from milk fat 
and/or fat·enriched milk products of various animal pecics. A common means 0 
manufacture involves heating butter at high temperatur which leads to the develop· 
ment of a powerful 'buttery' tlavouf. Traditional means of manufacture and torage are 
unsophisticated and the pr duct develop a rancid taste which many con umers con ider 
typical. Within the EEC, however, ghee i produced by non-traditional means involving 
the addition of ethyl butyrate to anhydrou milk fal (Rajah, K.K. and Burgess, K.J. 1991. 
Milk Fat: Production, Technology and Utilisation. Society for Dairy Technology, 
Huntingdon, K). 
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vacuum. In some cases the oil is washed before the fmal separation to 
remove impurities. 

(c) Fractionated milkfat 

Fractionation (see page 262) is the most commonly used means of 
modifying the physical properties of milk fat. At its most basic, fraction
ation is used to prepare high melting point (hard) and low melting point 
(soft) fractions, but the process may be used to tailor milk fat to 
individual requirements. Fractions may either be used directly or 
blended with unfractionated milk fat. 

(d) Hydrolysed milk fat 

Controlled hydrolYSiS of milk fat, using either microbial lipases or 
pregastric esterases from the mouths of calves, lambs or kids, is a means 
of producing butter or cheese flavours. The use of pregastric esterases 
has advantages in that there are fewer problems with soapy or bitter 
flavours. Microbial enzymes, however, are cheaper and avoid ethical 
issues resulting from the use of animal tissues. The extent of hydrolysis 
determines the flavour development, butter flavours being produced at 
low levels of lipolysis and cheese flavours at higher levels. Enzymes may 
be used either in a batch system with the fat present as an homogenized 
emulsion, or a continuous system with the enzyme immobilized onto a 
support. A novel system has also been proposed using Candida cylin
dracea lipase entrapped in the water pools of reversed micelles. 

(e) Blending and plasticizing of milk fat 

The blending and plasticizing of milk fat permit the manufacture of a 
wide range of products, each with distinctive properties. The basic 
technology is derived from margarine manufacture. A blend of milk fat 
with milk fat fractions is prepared, which is then cooled rapidly in a 
scraped surface heat exchanger. As the fat crystallizes, the blend passes 
through a pin rotor texturizer, which weakens the crystal network. 
Crystallization, and consequently the properties of the final product, are 
controlled by adjusting the configuration of equipment and processing 
conditions. Milk fat blends can be prepared which range in texture and 
consistency from soft, whippable products for use in confectioner's 

• Reversed micelles are thennodynamically table, nanometer scale aggregates of 
ampiphiJic molecules solubilizing aqueous drop in a continuous hydrophobic medium. 
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cream and cakes to products which can be worked without significant 
softening, which are used in pastry making. 

(f) Uses of industrial milk fat products as ingredients in non-dairy 
products 

The functional properties of milk fat products are summarized in Table 
6.7 and the ingredient uses summarized in Table 6.8. Flavours derived 
from partially hydrolysed milk fat may be used to enhance flavour in 
dairy products and their analogues as well as in snacks and bakery 
products. 

6.3 CHEMISTRY 

6.3.1 Nutritional status of butter, margarine and spreads 

Butter, margarine and spreads are primarily fat sources and can be 
important sources of dietary energy, especially where other sources are 
deficient. Butter is an important source of fat soluble vitamins contain
ing ca. 20 times more vitamins A and D than whole cream milk. For this 
reason supplementation of margarine and spreads with vitamins A and D 
is mandatory in some countries and general practice in others. Butter 
contains 10 times lower levels of water soluble vitamins than whole 
milk, and only traces of minerals, but this is of no significance in a 
normal diet. 

6.3.2 Fatty acid composition of milk fat and other edible fats 

The proportion of fatty acids in milk fat and in vegetable fats commonly 
used in margarine and spread manufacture is summarized in Table 6.9. 

6.3.3 Crystalline morphology of edible fats 

Edible fats of vegetable, marine or animal origin all form three main 
types of crystal, the Q;, W and ~ forms. The Q; form is the least stable and 
existence in this form is usually transitory. The Q; form consists offragile, 

Table 6.7 The functional properties of milk fat 

Air incorporation 
Anti-staling (bakery products) 
Creaming 
Flavour 

Flavour carrier 
Glossing agent 
Lightening 
Shortening 
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Table 6.8 Uses of milk fat, butter oil and fractionated milk fat in non-dairy 
products 

General culinary 
shallow frying: 
deep frying: 

Pastry, cakes and biscuits 
biscuits: 
ice cream cones: 
puff pastry: 
cakes: 

Chocolate and confectionery 
milk chocolate: 
'creams': 

Convenience foods 

ghee, cooking butter l 

anhydrous milk fat (bakery, patisserie) 

anhydrous milk fat/soft fractions 
soft fractions 
anhydrous milk fatlhard fractions 
anhydrous milk fat 

anhydrous milk fatlhard fractions 
anhydrous milk fat or hard fractions 

various applications including sauces (flavour), frozen ready meals and meat 
products 

1 'Butter' of low water content and containing lecithin and additional milk 
solids-non-fat. 

translucent crystals ca. 5 !-tm in length. The W form consists of tiny, 
delicate crystals ca. 1 !-tm in length and the ~ form of relatively large and 
coarse crystals, which average 25-50 !-tm in length, but which may grow 
as large as 100 !-tID or more. An 'intermediate' form has also been 
described, which comprises crystals 3-5 !-tm in length which tend to 
aggregate in coarse clumps. 

Liquid fats and triacylglycerols cooled without agitation tend initially to 
form <X crystals. Further cooling of the <X form leads to tighter chain 
packing and a gradual transition to the ~ form. Cooling with agitation, 
however, favours formation of the W form. 

Although fats may exist in any of the three polymorphic forms, different 
fats tend to transform into either the ~ or ~' form. The polymorphic 
behaviour is largely influenced by the composition of the fatty acids and 
the positional distribution in the acylglycerols. Fats that consist of 
relatively few triacylglycerols of similar structure tend to transform to ~ 
forms, while heterogeneous fats transform more slowly. In most cases 
fats which tend to transform into the ~ type contain low (ca. 10%) 
quantities of palmitic acid, while those which transform into the ~' type 
contain ca. 20%. 

Milk fat is of the W type, as is beef tallow and whale oil. Pork lard, 
however, is of the ~ type. Of vegetable fats commonly used in 
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Table 6.9 Approximate percentage fatty acid composition of milk fat and 
vegetable fats 

Coconut Caproic <1.0 Capryllic 7.0 
Capric 7.0 Lauric 48.0 
Myristic 17.0 Palmitic 9.0 
Stearic 2.1 Oleic 5.7 
Linoleic 2.6 

Cottonseed Myristic 1.0 Palmitic 25.0 
Stearic 3.0 Oleic 18.0 
Linoleic 51.0 Linolenic <1.5 
Arachidic <1.0 

Milk/at Butyric 3.2 Caproic 2.0 
Capryllic 1.2 Capric 2.8 
Lauric 3.5 Myristic 11.2 
Palmitic 26.0 Stearic 11.2 
Palmitoleic 2.7 Oleic 27.8 
Linoleic 1.4 Linolenic 1.5 

Palm kernel Caproic <0.5 Capryllic 4.0 
Capric 5.0 Lauric 47.0 
Myristic 16.0 Palmitic 9.0 
Stearic 2.0 Oleic 18.0 
Linoleic 1.0 

Rapeseed} Palmitic 4.0 Stearic 2.0 
Oleic 64.0 Linolenic 9.0 
Arachidic 2.0 Erucic <5.0 

Soybean Myristic 0.5 Palmitic 11.0 
Stearic 4.0 Oleic 22.0 
Linoleic 53.0 Linolenic 8.0 
Arachidic <1.0 

Sunflower Myristic 0.5 Palmitic 6.0 
Stearic 3.0 Oleic 23.0 
Linoleic 64.0 Linolenic <1.0 
Arachidic <1.0 Erucic 0.5 

1 Canadian low-erucic acid cultivars 
Note: Major fatty acids in each fat are indicated in italic. 

margarines and spreads, coconut, olive, peanut, soy bean and sunflower 
oil are of the B type, while rapeseed, cottonseed and palm oil are B'. 

Beta-prime crystals are desirable for butter, margarine and spreads and, 
in the latter two cases, a serious defect 'graininess' may result from the 
formation of large coarse B-type crystals. Potential problems of 'graini
ness' may be overcome by using B-type fats as the 'soft' component of 
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the fat blend, although other conditions may be manipulated to favour 
formation of (3' crystals. For this reason co-randomization is used to 
enable margarine to be made from unblended sunflower oil without 
problems associated with ~ crystal formation. 

6.3.4 Physical and chemical modification of fat 

A number of industrial-scale methods are available for the modification of 
edible fats (Table 6.5). Modification of fats for margarine manufacture is 
well established, but is a more recent development in the case of milk fat. 
Only the more important processes, however, are discussed in this section. 

(a) Hydrogenation 

Hydrogenation involves a reduction of the degree of unsaturation by 
addition of hydrogen to double bonds in the fatty acid chains. The 
mechanism is thought to involve the reaction between unsaturated liquid 
oil and atomic hydrogen adsorbed onto the surface of a metal catalyst. The 
process increases the melting point and also the oxidative stability. 
Hydrogenation is of major importance in the preparation of oils for 
margarine manufacture, but is not generally applied to milk fat because of 
its existing low degree of unsaturation and high cost as a feedstock 

Fat is usually hydrogenated by a batch process which involves mixing 
the oil with nickel or another suitable catalyst and heating to 140-225°C 
under hydrogen at pressures up to 60 psi. Agitation is necessary to 
completely dissolve the oxygen, to ensure uniform contact between oil 
and catalyst, and to dissipate the heat of reaction. The course of 
hydrogenation is monitored by refractive index and when the desired 
degree is obtained, the oil is cooled and ftltered to remove the catalyst. 

In addition to saturation of some double bonds, hydrogenation may also 
lead to relocation and/or transformation from cis to trans configuration, 
the isomers being commonly referred to as iso acids. A complex mix of 
reaction products may, therefore, result from partial hydrogenation, the 

• The Influence of constituent fatty acids on crystalline morphology may be iUustr1lted by 
comparing high· and low-erucic add content rapeseed oil. Erudc add is toxic and Its 
presence in large quantities in rapeseed oil restricted its application in foods. The 
development of low-erucic acid cultlvars (canola) was of considerable economic 
Importance and canota oil is widely used for margarine manufacture in Canada 
High-erucic acid rapeseed oil crystallizes into the stable W form, but the removal of 
erudc acid increases the oleic acid content leading to an unstable W form which 
tnlnsfonns to the ~ form with resultant development of 'graininess·. 
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composition depending on which of the double bonds are hydrogen
ated, the type and degree of isomerization, and the relative rates of the 
various reactions. 

The relative rate of hydrogenation of the more unsaturated fatty acids to 
that of the less unsaturated acids is referred to as selectivity. A 
quantitative selectivity ratio (SR) is defined as the rate of hydrogenation 
of linoleic to oleic acid/rate of hydrogenation of oleic to stearic acid. 
Selectivity is affected both by operating parameters and the nature of the 
catalyst. Higher SR values, for example, are higher at high catalyst 
concentration, low hydrogen pressure, high operating temperatures and 
under mild agitation. Manipulation of selectivity offers a means of 
imparting specific characteristics to an oil and thus meeting specific 
requirements in end-use. 

(b) Inter-esterification 

Inter-esterification is a chemical process by which the distribution of 
fatty acids among the triacylglycerols is altered. This results in a change 
from the unique fatty acid distribution patterns of many fats to a random 
distribution with a resultant change in the physical properties. Two 
mechanisms have been proposed; enolate ion formation and carbonyl 
addition. Inter-esterification has a number of applications in the food 
industry and inter-esterified fats are used in the manufacture of high 
stability margarines. Inter-esterification has also been proposed as a 
means of modifying milk fat, milk fat fractions or mixtures of milk and 
vegetable fats, either as a means of improving the nutritional status or 
spreading properties. Inter-esterification of milk fat, however, results in 
an increase in the solid fat content at 35°C, which produces a 'tallowy' 
mouth-feel. There is also a loss of the characteristic butter flavour during 
processing supplementary to inter-esterification. 

Industrial-scale inter-esterification involves heating fats in the presence 

• Although it is unlikely that milk fat modification by hydrogenation will be applied on a 
significant scale, it appe.ars that there is considerable potential for the reverse procedure 
dehydrogenation, in which the degree of unsaturation is increased. Current thinking 
tends to favour the use of desaturase enzymes to increase the proportion of unsaturated 
fatty acids by treatment of isolated triacylglycerols. Such a procedure, however, would 
involve partial hydrolysis of the triacylglycerol to release the free acid specifically 
required by all known desaturases, enzymic desaturation of the 18:0 component of these 
adds and, Bnally, re-esterification. The relationship of the ftnal product to milk fat would 
be tenuous as not all of the re-e;terified fatty acids would return to their original positions 
in the triacylglycerol moiety (lDF 1991. Bulletin Of the International Dairy Federation, 
No. 260). 
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of alkali metal or alkali metal a1kylate catalysts. Sodium methoxide is 
most commonly used as catalyst and permits interesterification to be 
completed in ca. 30 min, at temperatures as low as 50°e. Conventional 
inter-esterification produces a random distribution of fatty acids which 
is not always desirable. Directed inter-esterification involves maintain
ing the fat at a temperature below its melting point, which results in 
selective crystallization of the trisaturated acylglycerols and their 
removal from the reaction mixture. This, in turn, changes the fatty acid 
equilibrium in the liquid phase and enhances the formation of further 
trisaturated acylglycerols. The newly formed trisaturated acylglycerols 
also crystallize and precipitate out of the reaction mixture and the 
process thus continues until virtually all of the saturated fatty acids 
present have precipitated. Directed inter-esterification may be used to 
stiffen the consistency of oils such as olive oil without hydrogenation 
(see page 246). 

(c) Fractionation 

Fractionation provides a means of producing fats and oils with sharply 
defined melting characteristics. Fractionation is of importance as a 
means of modifying milk fat and finds some application in the manufac
ture of margarines. 

Several means of fractionating fat are possible (Table 6.10), but dry 
fractionation has been preferred for milk fat to preserve the characteris
tic flavour. Dry fractionation involves heating the fat to ca. 65°C to 
destroy crystal nuclei. The fat is then cooled under controlled condi
tions to allow the growth of crystals. The higher melting point crystals 
are then separated from the lower melting point liquid phase by 
filtration, centrifugation or by a combination of these methods. 

6.3.5 Changes in fat globules during the ageing and churning of 
cream 

In recent years, the use of freeze-fracture techniques for preparing 
specimens for electron microscopy has been of major importance in 
determining changes in milk fat globules during the transition from 

Table 6.10 Methods of fat fractionation 

Dry fractionation (fractionation from the melt) 
Fractionation by short-path distillation 
Fractionation by supercritical fluids 
Fractionation by crystallization from solvents 
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cream to butter. Four distinct types of globule have been identified, 
differing in the presence, or absence, of a shell structure and in the 
quantity of crystalline fat present. 

Shell-free globules appear to be present only in soft summer milk fat, all 
other types having a shell. Shells consist of a monolayer of microcrystal
line fat and are found only in oil in water emulsions. During the warm 
stage of cold-warm-cold cream treatment (see page 230), thick-shelled 
globules with a liquid centre are present. During the second cold stage, 
some of the liquid fat crystallizes. This stresses the globule, causing 
deformation and surface fracture, releasing liquid fat. Globules with very 
thick shell, however, often remain intact through this stage and subse
quent churning. 

6.3.6 Structure of butter, margarine and spreads 

(a) Structure of the emulsion 

Butter, margarine and high-fat spreads exist as stable water in oil 
emulsions, the aqueous phase is relatively evenly distributed through 
the product and the water droplets are, ideally, in the size range 2-4 f..tm 
(Figure 6.4). The higher water content of lower fat spreads results in a 
general tendency to larger water droplets and coalescence (Figure 6.4). 
In such spreads the water droplets are usually in the size range 
4-20 f..tm, although some may be as large as 80-90 f..tm. The situation 
becomes more complex as the water content increases and several 
possible structures exist. The average size of water droplets increases 
and a single spread may have the properties of both a water in oil and an 
oil in water emulsion. 

(b) Structure of the fat phase of butter, margarine and spreads 

The fat phase of butter, margarine and spreads consists of a crystal 
matrix of solid fat which retains the liquid oil in suspension. In addition 
churned products such as butter and some types of spread contain some 
globular fat which limits the tendency of the higher melting point 
crystals to form an over-rigid network resulting in a brittle texture. The 
globules are of the very thick shelled type (see Section 6.3.5), and also 
contribute to mouth-feel and spreadability by behaving like microscopic 
ball bearings. 

The presence of both a liquid and solid fat phase is necessary to attain 
a state of plasticity. It is also important that the correct ratio is 
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Figure 6.4 General structure of butter, margarine and spreads. Full fat (80%) 
butter and margarine have water droplets of approximately equal size, distrib
uted evenly throughout the fat phase (lower part of illustration), with little 
tendency to coalescence. In products of higher water content, there is a 
tendency to form larger water droplets, which readily coalesce (upper part of 
illustration ). 

obtained between the two phases. Sufficient crystals must be present 
to retain the liquid phase, but an excess leads to a very rigid 
structure, lack of plasticity and brittleness. As discussed above, many 
of the processing operations involved in the manufacture of marga
rines and spreads are concerned with obtaining a crystal network of 
the correct rigidity. 

In the case of butter, crystallization continues for a significant period 
after manufacture, maximum firmness developing after three weeks' 
storage_ This is due to the formation of two types of secondary crystal 
structure: 
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1. A weak, thixotropic association of a large number of small (less 
than 1 Ilm) crystals to form a three-dimensional structure. 

2. Formation of strong bonds between large fat globules following 
realignment. 

Reworking causes a disruption of both types of secondary crystal 
structure. The disruption is irreversible in the case of the strong bonds, 
but only temporary in the case of the weak association. Under most 
conditions, the weak association re-forms after ca. 8 weeks. 

6.3.7 Flavour of butter, margarine and spreads, and changes 
during storage 

The flavour of sweet cream butter is derived from the milk fat itself 
(see Chapter 1, page 27) and from odourants dissolved in the milk fat. 
There is also a contribution from compounds, such as lactones, 
formed during heating and mild oxidation. The perceived flavour is 
the result of the balance between many components, but differs from 
that of the parent cream, or pure butterfat, due to the emulsion 
structure. In ripened cream butter the distinctive flavour of diacetyl 
overlies the more subtle flavours of milk fat and is the dominant 
flavour impact compound. 

Dissolved odourants are usually undesirable and may be derived from 
animal feed, medication, etc., or be acquired during storage and 
handling of milk, cream or the finished butter. Animal feed is the major 
source of odourants acquired in vivo and contaminants are often 
associated with particular pasture plants. Not all odourants, however, 
are considered to be contaminants, the y-Iactones bovoliode and 
dihydrobovoliode, for example, which contribute to butter flavour are 
natural constituents of grass. 

lipids are good solvents for most odourants and the high fat concentra
tion in butter means that taints are readily acquired from many sources 
including packaging and other foods stored in close proximity. The low 
vapour pressure of odourants in solution in lipids does, however, mean 
that relatively high quantities must be present to achieve sensory 
impact. 

Fat oxidation can lead to serious organoleptic faults, generally perceived 
as rancidity, during storage. Autoxidation, involving reaction with 
molecular oxygen is most important, but photosensitized oxidation is 
also involved. Metals such as copper play an important role as catalysts. 
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Oxidative reactions are involved in two faults specific to soya and 
marine oils. The most common of these faults, flavour reversion, results 
in beany or grassy flavours. The underlying cause is thought to be the 
autoxidation of linolenate and production of flavour-active compounds 
such as 2-n-pentylfuran and cis- and trans-2-(I-pentenyl) furans. Other 
compounds such as 3-cis- and 3-trans-hexenals and phosphatides may 
alSQ be involved. 

The second fault, hardening flavour, is believed to arise from autoxida
tion of isomeric dienes (isolinoleates) which are formed during hydro
genation. A number of compounds may contribute to the defect and 
include 6-cis- and 6-trans-nonenal, 2-trans-6-trans-octadecadienal, 
ketones, lac tones and aldehydes. 

6.3.8 Chemical analysis 

(a) Butter 

Chemical analysis is required both for control purposes during manufac
ture and for end-product testing. Determination of fat content is of 
obvious importance with respect to the cream composition and can be 
determined by methods such as the Gerber, or by instruments such as 
the Milko-tester™. Such methods are not suitable for the determination 
of fat in butter and conventionally the fat content is determined by 
subtracting values for total solids-non-fat (see below) and moisture from 
one hundred. The use of instrumental methods such as Fourier trans
form infrared spectroscopy may be anticipated. 

Moisture content is of prime importance as a production control 
parameter (see page 239) and is also required for end-product testing. 
Instrumental methods such as near-infrared spectroscopy are suitable, 
but are not definitive and a standard oven drying method should be used 
as reference. The washed residue is weighed to determine solids-non-fat 
('curds' plus NaCl). 

Salt content of butter, margarine and spreads may be determined by 
conventional methodology using silver nitrate titration. An instrumental 
method (Oxford Instruments) is now available which involves use of a 
small X-ray source to excite fluorescent X-rays from chlorine. The 
fluorescent X-rays are detected and related, by computer software, to 
calibration values and thus the chlorine (and NaCl) content of the 
sample. 

The high cost of butter fat and some vegetable fats used in margarine 
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and spreads means that adulteration with cheaper fats is always a 
possibility. In the past detection depended on determination of the 
Reichert Meissel number which indicates the quantity of water soluble 
volatile fatty acids. The Reichert Meissel number of butter is usually 24 
to 34 times that of other fats. More sophisticated methods for detecting 
'foreign' fats, usually based on gas chromatography, have been available 
for some time, but are extremely time consuming. Near-infrared spec
troscopic methods are now available which are relatively simple to use 
and which can detect as little as 3% adulterating fat. Determination of 
diacetyllevels is also an important indicator of adulteration since levels 
greater than 4 mgtl are indicative of supplementation to disguise the 
presence of 'foreign' fats or to mask defects. A method based on reverse 
phase liquid chromatography coupled with a fluorescence detector is 
available which is of significantly greater sensitivity and specificity than 
earlier colorimetric methods. 

The sensitivity of high fat products to oxidation means that methods are 
required for measuring the extent to which the reaction has proceeded. 
Many methods are used, but none is fully satisfactory and results must 
always be interpreted with care. Peroxide value is most widely used 
despite doubts concerning its reliability and a poor correlation with 
organoleptic changes. In some cases an accelerated oxidation test is 
performed in which air is bubbled through molten fat at a controlled 
temperature before determination of the peroxide value. The test is 
widely used with margarine and non-dairy spreads, but appears to have 
poor predictive value when applied to butter or milk fat. Determination 
of free fatty acids by gas chromatography is preferred in some cases and 
is widely used in quality control of milk fats. 

(b) Margarines and spreads 

Non-dairy fats for use in margarines and spreads are subject to chemical 
analysis to ensure that any modification has proceeded satisfactorily and 
that specifications are met. The most important of these is the iodine 
number which determines the degree of unsaturation by formation of 
addition compounds between the double bonds of unsaturated fatty 
acids and iodine. Fat, dissolved, in chloroform or carbon tetrachlOride, is 
reacted with an excess of iodine with iodine bromide or iodine chloride 
to act as an accelerator of the reaction. At the end of the reaction period 
excess iodine is titrated against thiosulphate. 

The use of iodine number and other chemical analyses in process 
control of margarine manufacture is limited. Melting point determina-
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tion has been widely used in the past as a means of determining fat 
hardness, but is too empirical for good control and cannot distinguish 
between fats and fat systems. Dilatometry, the change in specific volume 
with temperature, is more satisfactory and is plotted in terms of solid fat 
index. Nuclear magnetic resonance spectroscopy, however, is now 
increasingly used on a routine basis. 

Performance testing of the end product is of considerable importance, 
especially with spreads. Performance testing is of two types; physical 
and sensory. 

Physical testing is primarily concerned with structure and texture. 
Characterizing the solids-temperature relationship is of major impor
tance, solids level being determined by sophisticated techniques such as 
pulsed nuclear magnetic resonance or, at lower cost, ultrasonics. 
Structure can be compared using either penetrometry or extrusion 
tests, while empirical tests for parameters such as oil loss on compres
sion and spreadability can also be used. 

Sensory testing may involve either individual trained tasters or various 
configurations of panels. Taste and mouth-feel are the most important 
characteristics and are often related to butter. 'In-use' tests are applied, 
where appropriate, with margarine to assess suitability for use in baking. 
Such tests involve preparing pastry to standard recipes. 

6.4 MICROBIOLOGY 

6.4.1 Butter, margarine and spreads as an environment for 
growth 

Three main product-related factors determine the ability of micro
organisms to grow in butter, etc.; the water content, the physical 
distribution of the aqueous phase and its nutrient content and the 
presence, in the aqueous phase, of inhibitors. In the case of butter made 
with ripened cream by traditional methods the pH value may also be 
sufficiently low to contribute to inhibition. 

In butter and traditional margarine, which pave no more than 20% 
water, the extent of microbial growth is severely restricted by the 
physical size of the droplets and extensive multiplication is not possible. 
This compartmentalization also means that nutrients may be limiting. 
Low fat spreads are of higher moisture content and the size of the water 
droplets is greater, many spreads containing droplets up to 80 Ilm 
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diameter. In such cases physical restrictions on growth are much less 
and the presence of inhibitors in the aqueous phase becomes of much 
greater Significance. 

Sodium chloride is an important inhibitor of microbial growth in some 
types of butter and margarine. The NaCI content of butter varies 
considerably and in many countries, especially continental Europe, 
unsalted butter is preferred. Elsewhere butter usually contains 1.5-2.0% 
NaCl, although there is a general trend to lower levels as a result of 
concern over dietary sodium intake. Butter containing 2% NaCl will 
contain 12.5% in the aqueous phase, a concentration strongly inhibitory 
to most micro-organisms. Distribution of NaCl through the aqueous 
phase is, however, irregular and thus the preservative effect, while still 
Significant, is less than that predicted on theoretical grounds. 

Lactic acid levels in cultured cream butters may be sufficiently high to 
exert an inhibitory effect, especially if the pH value is below 6.0. 

Where permitted, sodium benzoate and sorbate have an inhibitory effect 
on the major spoilage organisms, yeasts and moulds. Preservatives are 
most commonly added to spreads, but where permitted in margarine are 
considered to be unnecessary additives. Despite the presence of preser
vatives, spreads are less stable than butter or traditional margarine and 
refrigeration is required over even a short period. 

Oil in water-based spreads and spreads made with fat replacers are 
entirely dependent on preservatives for intrinsic stability. The presence 
of water structuring agents does result in some lowering of the aw level, 
but this is not Significant with respect to the spoilage microflora. 

6.4.2 Butter, margarine and spreads, and foodborne disease 

Providing that butter is made from pasteurized cream under good 
hygienic conditions the risk from foodborne pathogens is very low. 
Complaints of food poisoning are occasionally received by retailers and 

• Listeria monocytogenes icon idered to presenr a greater hazard than Yersjnia 
enterocofitica in low-fat dairy spreads. This results from its higher level of thermotoler
ance and faster growth in the products during storage at 4°C. The faster growth rate has 
been attributed to L mOllocytogenes, being less affected by constraints of pace and 
nutrienr limitation than Y enterocolitica. Listeria monocytogenes has been isolated from 
creameries producing a variety of dairy products and it i considered that safety 
assurance procedures in plants prodUCing low-fat spreads should include specific 
precautions against thiS organiSm (Lanciotti, R et aJ. 1992. Letters in Applied Microbio/· 
oD, 15, 256-8). 
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manufacturers but, where substantiated, are usually associated with 
oxidative rancidity and not of a microbiological origin. The only 
published accounts of microbial food poisoning concern growth of, and 
enterotoxin production by, Staphylococcus aureus in whipped butter. 
At least two outbreaks of staphylococcal intoxication have resulted from 
consumption of whipped butter, although temperature abuse during 
storage was a contributory factor. Other pathogens may persist in butter 
even when numbers are low, due to removal of the majority of cells with 
the buttermilk. In the case of Listeria monocytogenes for example, 
numbers were reduced by ca. 95% following removal of buttermilk but 
the organism remained recoverable for more than 70 days. limited 
growth may occur during the initial stages of storage. 

The safety record of margarine is also very good although, like butter, 
rancidity can lead to revulsion and sickness immediately after consump
tion. There have been no published accounts of food poisoning associ
ated with spreads, although concern has been expressed that some 
products of this type may support the growth of pathogens. Inoculation 
experiments with a spread made from milk fat and vegetable oil showed 
multiplication of Staph. aureus, considered the major hazard, to be at 
most limited. In contrast, an inoculation study made with two brands of 
'light' butter showed both L. monocytogenes and Yersinia entero
colitica to be capable of growth during storage at 4°c. Each of these 
pathogens was capable of faster growth on the 'light' butter than the 
indigenous microtlora. 

6.4.3 Spoilage of butter, margarine and spreads 

In the past a number of micro-organisms have been implicated in the 
spoilage of butter. In many cases, however, problems related to butter 
made with unpasteurized cream, under relatively poor conditions of 
hygiene and with a lack of refrigeration at retail and domestic level. The 
relevance to modern practice is therefore questionable. 

Micro-organisms are unable to grow at the low temperatures (below 
-10°C) used for bulk storage of butter and some decline in numbers 
may be expected. The lethal effect of low temperatures is selective, 
survival of Micrococcus ssp. and yeasts generally being greater than that 

• Low temperature torage must not be een as a mean of eliminating pathogenic 
micro·organisms. Reccnt work on urvivaJ mechanisms in Gram·negative bac[cria 
suggests that the cxtent of death at low lcmperarures may be exaggerated and practical 
difficulties arise due to the lack of suitable reSUSCitatiOn technique . 
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of Gram-negative, rod-shaped bacteria such as the Enterobacteriaceae. 

Surviving micro-organisms, however, and any entering the butter during 
reworking and packaging, are potentially capable of growth during retail 
and domestic storage at temperatures greater than O°c. Species of 
Micrococcus, many of which are lipolytic, have been important spoilage 
organisms in the past, especially in sweet cream butter. Micrococcus, 
however, grows only very slowly, if at all, at temperatures below SoC 
and the organism is now rarely involved in the spoilage of butter unless 
temperature abuse occurs. Gram-negative bacteria such as Pseudomo
nas have been involved in lipolytic spoilage of butter at refrigerator 
temperatures and spoilage of butter by lipolysis may also result from the 
presence of heat-stable enzymes present in the butter as a result of the 
growth of Pseudomonas ssp. and other psychrotrophs in the raw milk. 
Spoilage due to preformed lipases can be very rapid, as little as 2 days at 
SoC, although in such cases an unacceptable level of growth must have 
occurred during raw milk storage. Wash water is often considered to be 
the major source of Pseudomonas, but now washing is less common the 
plant contamination is probably most important. 

Yeasts are also important butter spoilage organisms, capable of growth 
and lipolysis at low temperatures. A number of yeasts have been 
implicated including Candida lipolyticum, Torulopsis, Cryptococcus 
and Rhodotorula. Yeasts are favoured at the low pH value of some 
cultured cream butter, but are potential spoilage organisms in all types. 

Mould spoilage normally involves the lipolytic genera, Aspergillus, 
Cladosporium, Geotrichum and Penicillium. Spoilage is lipolytic and 
the butter may also be discoloured. Problems associated with moulds 
have become less common with improved control of aerial contamina
tion and a higher hygienic standard for packaging materials such as 
parchment. The practice adopted by some retailers of extended storage 
at -2 to O°C, usually in order to build up stocks for special promotions, 
etc., can, however, result in mould spoilage as many strains grow 
relatively rapidly at such temperatures . 

• Choice of method for determination of lipolysis caused difficulty in the past. The.re has 
been much discussion over the relative merits of single and double agar layer method 
but it appears that while double layer methods give highest counts, the re ults are 
difficult to interpret and u e of a ingle layer of lipid·containing medium i prcferr d. It is 
necessary to match the lipid source with the product being e.xamined, although darified 
butter is generally suitable. The incorporation of ile blue sulphate dye impLifies 
interpretation and the base medium hould contain 1 % peptone to enhance production 
of lipolytic enzyme . 
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Micro-organisms responsible for spoilage of butter have also been 
implicated in the spoilage of margarine. In general vegetable fats are 
more resistant to lipolytic enzyme activity than milk fat and the spoilage 
potential of many margarines is lower than that of butter. 

There are few published reports of the spoilage pattern of spreads, but 
yeasts appear to be most commonly involved. Yarrowia lipolytica was 
found to be an important spoilage organism in a low-fat dairy spread, but 
Bacillus polymyxa and Enterococcus !aecium were also identified as 
being of potential spoilage significance. 

6.4.4 Microbiological analysis 

Analysis for specific pathogens is not considered justified and testing is 
restricted to potential spoilage micro-organisms together with Escheri
chia coli and 'coliform' bacteria. Methods used for liquid milk are 
generally acceptable (see page 97-8), but the high fat contents means 
that it is necessary to use a warm diluent containing a surfactant to 
disperse the sample properly when making the initial dilution. A 
selective plating medium for yeasts should be included (see page 155) 
and the inclusion of a colony count to determine the numbers of 
lipolytic micro-organisms is usual practice. 
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EXERCISE 6.1. 

You have recently been employed as a technologist at a dairy 
manufacturing ripened cream butter using conventional starter 
technology. Over a period of years the factory has suffered 
intermittent problems due to insufficient diacetyl production by 
Leuc. mesenteroides ssp. cremoris. The problem, which occurs 
more frequently in the spring and after Sunday shutdown, has 
been investigated by a consultant. Beyond concluding that the 
cause is not starter failure due to phage infection, however, no 
solution has been found. 

Consider other possible causes of starter failure and design a plan 
to investigate the underlying nature of the problem. 

Your preliminary investigations show that failure of the starter to 
grow at an adequate rate is not the cause of the problem. Further it 
appears that all the available Leuconostoc strains produce satisfac
tory levels of diacetyl when grown under laboratory (i.e. ideal) 
conditions. Extend your investigations to determine the underly
ing causes into failure to produce diacetyl in cream. What 
short-term measures could be tried to remedy the problem before 
your investigation is complete? 

Further information concerning the formation of diacetyl may be 
obtained from Cogan, T.M. and Accolas, J.-P. 1990. In Dairy 
Microbiology, vol 1. The Microbiology of Milk, 2nd edn (ed. 
Robinson, R K). Elsevier Applied Sciences, London, pp. 77-114. 
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EXERCISE 6.2. 

What measures are available by which the microbiological stabil
ity ofa low fat (40% w/v) spread of parameters; NaCI1.5% (w/v), 
pH value 6.7, aw level 0.97, may be enhanced without using 
preservatives such as benzoate and sorbate. Particular attention 
should be paid to the potential problems posed by Staphylococcus 
aureus and psychrotrophic pathogens such as Listeria monocyto
genes. What are the likely effects of the chosen measures on 

1. The physico-chemical properties of the spread? 
2. The organoleptic properties of the spread? 

It is recommended that consideration should be given to use of 
'hurdle technology'. Further discussion is available in Leistner, L. 
1992. Food Research International, 25, 151-8 (meat products are 
used as the examples in this paper, but the principles are appli
cable to all foods). 

EXERCISE 6.3. 

You are employed as chemist/technologist by a company manufac
turing a spreadable butter (80% total fat content), the fat phase of 
which consists of 75% milk fat and 25% unhydrogenated soya oil. 
Manufacture involves buttermaking technology. The price of soya 
oil is rising and your employers wish to consider cheaper alterna
tives. You are asked to prepare a report summarizing, from a 
technical viewpoint only, which oils could be used as to replace 
soya oil. Indicate any changes in the product formulation and 
processing which may be necessary and any chemical modifica
tion required to the oils. 
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CHEESE 

OBJECTIVES 

After reading this chapter you should understand 
• The different types of cheese 
• The role of micro-organisms in their manufacture 
• The importance of starter micro-organisms 
• The technology of cheesemaking 
• The relationship between technology and the properties of the 

finished cheese 
• The application of novel technology to cheesemaking 
• The major control points 
• Chemical changes during the making of the young cheese 
• The chemistry of ripening 
• Microbiological hazards and patterns of spoilage 

7.1 INTRODUCTION 

The manufacture of cheese is an extremely ancient activity, it being 
postulated that the process derived from the eastern Mediterranean 
practice of carrying milk in animal skin sacks, or in stomachs and 
bladders. Over the centuries, cheese making has been modified and 
refined although the dried curd cheese Kishik, produced by nomadic 
tribes in North Africa, may be considered the direct descendent of the 
primitive product. Cheese making remained an essentially small-scale 
activity until the application of scientific principles, commencing 
around the early 20th century, permitted large-scale manufacture. 
Today manufacture of the more popular varieties is on a very large-scale 
and cheese is an important export commodity in the economies of the 
major producing countries such as Eire, France, Australia and New 
Zealand. Over the years a very large and apparently bewildering number 
of cheese varieties have evolved, although in some cases differences are 
very small and involve no more than shape or type of packaging. All 
varieties of cheese, however, share a common basic technology in 
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which starter cultures of lactic acid bacteria usually play a key role. 
Further, all varieties may be classified according to moisture content 
(Table 7.1) and according to the means by which any ripening is 
achieved. 

7.2 TECHNOLOGY 

The basic technology for the manufacture of all types of cheese is similar 
(Figure 7.1), relatively small changes in procedures during manufacture 
resulting in large perceived differences in the final cheese. The technol
ogy is well established but in recent years has been subject to a 
considerable degree of refinement and automation. 

7.2.1 The general role of starter micro-organisms in the manu
facture of cheese 

In modern practice bacteria of the group commonly referred to as lactic 
acid bacteria (LAB) are added to milk as starter cultures, the key role 
being the production of lactic acid by fermentation of lactose. Lactic 

Table 7.1 A scheme for the classification of cheese 

Hard (26-50% moisture) 
internally ripened, no added ripening micro-organisms 
e.g. Parmesan, Cheddar, Double Gloucester 
internally ripened, added ripening bacteria 
e.g. EmmentaI 
internally ripened, secondary surface ripening by mould 
e.g. Blue Cheshire 

Semi-hard (42-52% moisture) 
internally ripened, no added ripening micro-organisms 
e.g. Lancashire, Edam 
internally ripened, ripening mould added 
e.g. Stilton, Roquefort 

Semi-soft (45-55% moisture) 
surface ripened, ripening bacteria added 
e.g. limburger, Port du SaIut 

Soft (48-80% moisture) 
surface ripened, ripening mould added 
e.g. Brie, Camembert 
unripened 
e.g. Cottage, Coulommier 

Others 
e.g. brined varieties, Whey cheese 
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Figure 7.1 Simplified procedure for the manufacture of various types of 
cheese. Note: Stages in parentheses are not involved in the manufacture of some 
varieties. 1 Manufacture may involve some light cutting and scalding. 

acid is responsible for the fresh acidic flavour of unripened cheese and is 
of importance in the formation and texturizing of the curd. In addition, 
starters play other essential roles: the production of volatile flavour 
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Table 7.2 Lactic acid bateria used as cheese starter micro-organisms 

Lactobacillus 

Lb_ delbrueckii 
ssp_ bulgaricus 

ssp. lactis 

Lb. helveticus 

Lactococcus 

L lactis 
ssp. cremoris 

ssp. lactis 

ssp. lactis biovar 
diacetylactis 

Leuconostoc mesenteroides 
ssp. cremoris 

Streptococcus salivarius 
ssp. thermophilus 

rod shaped, grow at 45°C but not 10°C; do not 
metabolize citrate 

does not produce ammonia from arginine; does 
not ferment galactose 
some strains produce ammonia from arginine; 
some ferment galactose 
does not produce ammonia from arginine; fer
ments galactose 
coccal shaped, grow at 10°C but not at 45°C; 
ferment galactose 

does not produce ammonia from arginine or 
grow at 40°C. Does not metabolize citrate. 
produces ammonia from arginine and grows at 
40°C. Does not metabolize citrate. 
some strains produce ammonia from arginine 
and some grow at 40°C. Metabolizes citrate 
coccal shaped; does not produce ammonia 
from arginine; grows at 10°C but not at 40°C; 
Metabolizes citrate and ferments galactose 
Coccal shaped, grows at 45°C but not at 10°C; 
does not produce ammonia from arginine or 
metabolize citrate; does not ferment galactose 

Note: Bacteria other than those described may occasionally be used as starter 
cultures. Non-starter members of the genera described may have different 
properties. 

compounds such as diacetyl and aldehydes, and the synthesis of 
proteolytic and lipolytic enzymes involved in the ripening of cheese and 
the suppression of pathogenic and some spoilage micro-organisms_ 
Species of four genera, Lactobacillus, Lactococcus, Leuconostoc and 
Streptococcus (Table 7.2) are most widely used, the use of a ftfth genus, 
Pediococcus, having been proposed more recently. 

(a) Lactose metabolism 

There are major differences in lactose transport and metabolism 
between the different starter bacteria. In Lactococcus, transport into the 

• Micro·organisms other than starter pecie are involved in the ripening of cheese. These 
micro-organiSms can be of major importance in determining the final properti of the 
cheese and may either be of adventltiou origin or added as a part of the manufacturing 
process. The role of these micro-organi ms should not be confused, however, with that 01 
starter. 
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cell is by the phosphoenol-pyruvate phosphotransferase system and 
involves the simultaneous formation of lactose-phosphate. Lactose
phosphate is hydrolysed by phospho-~-galactosidase to glucose and 
galactose-6-phosphate which are metabolized by the glycolytic and 
tagatose pathways, respectively. 

Lactose enters the cell intact via a permease system in starter species of 
Lactobacillus, Leuconostoc and str. salivarius ssp. thennophilus and is 
subsequently hydrolysed to glucose and galactose by a ~-galactosidase. 
Glucose is metabolized by the glycolytic pathway in Lactobacillus and 
S. salivarius ssp. thennophilus and by the phosphoketolase pathway in 
Leuconostoc. Galactose is usually metabolized via glucose-I-phosphate 
in the Leloir pathway. Lactobacillus delbnleckii ssp, most strains of Str 
salivarius ssp. thennophilus, and some strains of Lb. delbnleckii ssp. 
lactis are unable to metabolize galactose, which is excreted. 

(b) Other technologically important characteristics 

Protein metabolism. The amino acid content of milk is insufficient to 
support extensive growth of starter LAB and the culture must possess 
proteinase activity. Proteinases are situated in the cell wall and differ in 
number, location and specificity according to strain. Proteinase activity 
results in hydrolysis of proteins to oligopeptides, which in tum are 
hydrolysed to low molecular weight peptides and amino acids by cell 
wall-associated aminopeptidases. Proteolytic enzymes derived from 
starter micro-organisms also contribute to the ripening of cheese (see 
page 327). 

Citrate metabolism. Lactococcus lactis ssp. lactis biovar diacetylac
tis and species of Leuconostoc are the only starter bacteria capable of 
metabolizing citrate. It is an important property, however, and the 
products diacetyl and acetate are responsible for flavour development in 
unripened and, to a lesser extent, ripened cheese. In Dutch-type cheese 
CO2 produced during citrate metabolism is responsible for the desirable 
eye formation. The basic metabolic pathway via oxalacetate and pyru
vate is the same in all citrate utilizing bacteria but whereas acetyl-CoA is 
the precursor in L. lactis ssp. lactis biovar diacetylactis, acetolactate 
may be involved in Leuconostoc ssp. 

(c) Genetics Of starter micro-organisms 

Most strains of lactic acid bacteria employed as starter cultures contain 
plasmid as well as chromosomal genes. Plasmid-borne genes are of 
particular importance both because of their accessibility for molecular 
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Table 7.3 Plasmid-borne, technologically important properties of starter 
bacteria 

Lactose fermentation 

Proteinase 

Citrate metabolism 

Phage resistance 
(see Figure 7.1) 

Lactose plasmids identified in most starter bacteria; 
possible that lactose genes may be either plasmid or 
chromosomal in L. lactis ssp. cremoris. 

Cell-wall proteinases recognized as plasmid medi
ated; probable that both lactose and proteinase genes 
are encoded by same plasmid in L. lactis ssp. lactis 
but genetic linkage often broken by deletion 

Citrate transport by L. lac tis ssp. lactis biovar. 
diacetylactis plasmid mediated. 

At least three resistance mechanisms in Lactococcus 
plasmid mediated; some may be encoded on same 
plasmid 

genetic analysis and because they code for many properties essential for 
successful starter activity (Table 7.3). There is considerable interest in 
applying knowledge of the genetics of lactic acid bacteria to improve 
existing, or produce new strains. Both conventional techniques such as 
conjugation and recombinant DNA technology are used and directed 
integration of genetic material into the bacterial chromosome, is also 
being investigated with the intention of improving the stability of 
genetically manipulated cultures. 

Mesophilic strains of Lactococcus have received most attention 
although progress is also being made with lactobacilli and Str. salivarius 
ssp. thermophilus. Work is currently concentrated in areas such as 
bacteriophage resistance, proteolysis and flavour generation and pro
duction of antagonistic compounds. Work is also progressing to stabilize 
properties of fundamental importance such as lactose metabolism. 

(d) Antagonistic properties of starter bacteria 

Lactic acid, at low pH value, is known to play an important role in the 
suppression of undesirable bacteria by starter cultures, while diacetyl 
has activity against Gram-negative, but not Gram-positive pathogens. It 

• Special conditions must be fuJfilled when undenaking the genetic manipulation of 
cultures for use in food fermentations. It is necessary to ensure that selectable markers do 
not compromise human drug therapy and that vector DNA is natural to lactic acid 
bacleria approved for food use. A suitable vector has been developed which uses nisin 
res.istance as selectable marker. 
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is also known that at least some starter strains produce specific 
antagonists. Strains of L. lactis ssp. lactis, for example, produce the 
polypeptide antibiotic nisin, which has a broad spectrum of activity 
against Gram-positive bacteria and which is a permitted preservative in 
specified foods including processed cheese. Genetic modification has 
been used to introduce the gene mediating nisin production into a 
wider range of starter bacteria. 

There has also been considerable recent interest in the use of starter 
micro-organisms which produce antagonists during fermentation and 
which remain active in the finished product. The use of antagonists to 
control specific pathogens such as Listeria is particularly attractive but 
there is also interest in the control of spoilage micro-organisms in more 
perishable cheeses. Doubts, however, persist over effectivity of antago
nists in cheese and in at least some cases, inhibition of undesirable 
micro-organisms is primarily due to acid production. In a systematic 
study inhibitor-producing strains of lactic acid bacteria were effective 
against Listeria in Camembert cheese providing that the level of 
contamination was low and the organism used was responsible for the 
fermentation. There was no inhibitory effect if contamination occurred 
during ripening when the pH value of the cheese was rising. Spoilage of 
cottage cheese, however, is minimized by the use of inhibitor producing 
strains of L. lactis ssp. lactis biovar diacetylactis to 'cream' the dressing, 
a procedure which is now established practice in the US. 

(e) Classification of starter cultures 

Cheese starter cultures may be classified in a number of ways. The 
micro-organisms themselves, for example, may be classified according 
to optimal growth temperature. Mesophilic starters comprise Lactococ
cus and Leuconostoc and have an optimal growth temperature of ca. 
30°C, while thermophilic starters comprise the more widely used 
Lactobacillus species and Str. salivarius ssp. thermophilus and have an 
optimal growth temperature of 40-45°C. 

• Commercial bacteriocin preparations such as pediocin AcHTM are available but Iheir 
u age i cOntroversial. A non·bacteriocin preparation, Microgard™, produced by staner 
micro.organism growing in skim milk is also available and has been shown to be effective 
when used as an additive to control Ihe spoilage microflora of cottage cheese and 
yoghun. 0 activity, however, could be demonstrated against either Gram·negative or 
Gram·positive palhogeos in pure culture experimentS (SaIih, M.A. et al. 1990.]ouma/ Of 
Dairy Science, 73, 887-97; Motlagh, A.M . et al. 1992.]ournal Of Food Protection, S4, 
873-8). 
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In either case, starters may be mixed, in which the number of strains is 
unknown or defined in which a known number of strains are present. 
The traditional mesophilic mixed cultures of northern Europe, are 
commonly further classified on the basis of the presence, or absence, of 
the 'flavour-producing' organisms Leuconostoc species and L lactis ssp. 
lactis biovar diacetylactis. 

Mesophilic defined cultures may consist of single, paired or multiple 
strains. In recent years it has been found possible to reduce the number 
of strains in multiple cultures from the six originally used to two or 
three without any adverse effect on performance. 

Single or multiple strain defined thermophilic starters have also largely 
replaced the traditional mixed strain cultures in large-scale usage. 

(f) Production of starter cultures 

Traditionally, cheese factories maintained their starter cultures as liquid 
stocks which were sub-cultured through mother and feeder stages to 
provide a sufficiently large bulk inoculum. This procedure is not fully 
satisfactory due to a relatively high risk of contamination and of changes 
in starter properties resulting from the continuous sub-culturing 
required. It is now more common to use a culture supplied by a 
commercial laboratory either dried, liquid, or as a frozen concentrate. 
Although these cultures may be supplied as stocks and propagated 
through the mother and feeder stages, it is more convenient to use 
cultures which can be inoculated direct into the bulk tank, or direct into 
the cheese milk (direct-in-vat inoculation). 

Problems with phage infection of starter cultures means that stringent 
precautions must be taken during preparation of the bulk inoculum. 
Specific precautions are of two main types: the use of mechanically 
protected systems, the common approach in the UK, Australia and New 
Zealand, and cultivation in phage-inhibitory media (PIM), widespread in 
the US. Specific precautions, however, can be effective only in the 
context of good practice in all aspects of starter handling and in the 
factory as a whole. The starter room should be situated upwind of whey 
handling operations and movement of personnel between the two areas 
prevented. Air ffitration, ultraviolet light or 'fogging' with hypochlorite 
solution may be used as an additional means of controlling airborne 
phage. Bulk media for Lactococcus containing starter cultures must be 
heated at 90°C for a minimum of 30 min to inactivate lactococcal 
phages which are of markedly greater heat resistance than their host 
cells. 
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Table 7.4 Mechanically protected systems for production of bulk starter 
cultures 

Lewis system 
starter tank 
media 
culture transfer 

sterile barrier 

Jones system 
starter tank 

media 
culture transfer 

pressurized 
heat treated in tank 
from polythene bottles using two way hypodermic 
needles) 
hypochlorite solution 

unpressurized, air entering/leaving is sterilized by 
heat and cotton wool ftltration 
heat treated in tank 
poured through point of entry sterilized by flame or 
steam 

) In the otherwise similar Alta Laval system ftlter-sterilized air is used to transfer 
culture. 

A number of mechanically protected systems have been developed 
(Table 7.4) but all are variants based on the same principles. The bulk 
starter medium, antibiotic-free milk or reconstituted skim milk powder, 
is inoculated under semi- or fully aseptic conditions and protected 
within the bulk tank by air filtration or sterilization and by maintenance 
of a slight positive pressure. 

The underlying rationale behind the development of PIM is the restric
tion of available calcium ions and the consequent limitation of phage 
multiplication. Phage-inhibitory media, in current use, are whey-based 
media in which pH control is applied internally using buffer salts, or 
externally using NH40H. Whey-based, pH controlled PIM are cheap and 
effective and are suitable for use with both mesophilic and thermophilic 
cultures. Further technological advantages are the limitation of daily 
variation in acid development in the bulk culture, and the production of 

• Particular care mu t be taken when preparing tarter cultures containing two species to 
ensure that the ratio between the two remains correct. Failure to maintain the correct 
ratio increases the likelihood of starter failure due to phage infection and also leads to 
specific defects in different cheese varieties. Bitterness and over-aCidification in Cheddar 
cheese, for example has been attributed 10 dominance of L lactis p. lactis over L lactis 

p. cremorls. Pink discolouration of ripened Brie or Camembe.rt has been attributed to 
dominance of L lactis .sp. lactis biovar dfacetylactis over L lactis ssp. cremoris. 

Misbalance between starter speCies has several po ible causes induding continued 
ubculturing of a frozen, concentrated culture, a too high milk olids content in the bulk 

starter milk and over·heating bulk tarter mille Problem are avoided by use of 
direct·in·vat inoculation (Champagne, c.P. et al. 1992. Food Research Internatfonal, 25, 
309-16). 
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a starter of high cell count and prolonged activity. 

Direct-in-vat inoculation reduces culture handling to a mmunum, 
offering a convenient system with a low risk of phage infection and 
highly consistent starter performance. Cultures for direct-in-vat use are 
concentrated, separated from their metabolites and preserved. Both 
freeze dried cultures and cultures preserved in liquid nitrogen are 
available on a commercial basis, the former being more convenient and 
finding wider application, especially in small-scale plants. Freeze dried 
cultures may also be 'tailored' to produce a cheese with characteristics 
matched to a specific market niche. 

(g) Starter failure 

Starter failure occurs when growth of, and acid production by, the 
starter micro-organisms is significantly slower than the accepted norm. 
The resulting cheese is of low quality requiring downgrading and the 
need to 'nurse' slow vats causes considerable disruption to factory 
operations. Starter failure also has serious public health implications and 
can result in growth of enterotoxigenic strains of Staphylococcus 
aureus during fermentation and enhanced survival of Salmonella 
during maturation and storage (see pages 333-4). 

Intrinsic failure resulting from the use of insufficient or inactive starter 
culture has been effectively eliminated from modern production, 
although such problems still occur occasionally where cheese is made 
by enthusiastic amateurs. Bacteriophage activity is now of overwhelm
ing importance as the cause of starter failure although other extrinsic 
factors can be of importance under some circumstances. Bacteriophage 
have been isolated from all starter genera of lAB although studies have 
tended to concentrate on Lactococcus. 

The phage-host relationships of lAB are the same as those of other 
bacteria, phages being either of the virulent (lytic) or temperate type. 
The two types of phage have different relationships with their hosts, the 
lytic cycle and lysogeny, respectively. 

The lytic cycle can be the cause of total starter failure and is thus of 
greater industrial Significance. Following infection, multiplication takes 
place in four sequential stages - adsorption, DNA injection, intracellular 
multiplication and phage release following bursting of the host cell. As 
many as 200 phages per cell are released after a short latent period, 
between infection and release, of ca. 60 min and infected cells may thus 
lose activity very quickly. 
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In most cases temperate phages behave like virulent and cause host cell 
lysis, but in a small number the phage is either integrated into the host 
chromosome (prophage) or is maintained as a plasmid. In these two 
states the phage replicates with the host cell without causing lysis. 
Bacterial cells containing a prophage are also immune from infection 
with virulent phage of the same, or closely related type (lysogenic 
immunity). Most lysogenic cultures contain free phage and temperate 
phage present in earlier starter cultures were the probable origin of 
many of today's virulent phage. 

A starter culture may achieve eqUilibrium with phage present in its 
environment leading to a third condition, the carrier state. In this state only 
a proportion of host cells are infected, despite the presence of free phage 
and the failure to incorporate phage DNA into the host chromosome. 

The presence of virulent phage is necessary for the promotion of 
resistance and exposure of sensitive strains to phage provides a means of 
selecting bacteriophage-insensitive mutants (BIMs), which are of major 
importance in many modern cheese making systems. Three main 
resistance mechanisms exist - prevention of phage adsorption, abortive 
infection and restriction/modification, although lysogenic immunity is a 
further important control mechanism. 

Although phage infection is of major importance as a cause of starter 
failure a number of other factors can be involved. Agglutinins are 
present in nearly all milk and cause the aggregation of starter micro
organisms with casein micelles leading to uneven starter distribution 
and resulting slow acid production and a poor quality, 'grainy' curd. 
Problems resulting from agglutinin activity were previously only recog
nized in cottage cheese manufacture, but it is possible that their 
importance in manufacture of other cheese types has been underesti
mated. 

Starter failure due to antibiotic residues, formerly a major problem, has 
been largely eliminated in many countries by milk testing schemes and 
financial penalties levied on producers of antibiotic-containing milk. 
Continuing problems result from inadequate rinsing of equipment after 
cleaning and the consequent presence of sanitizer residues. Sensitivity 

• TIle phage carrier tate appear to be common in me traditional mixed strain tarters 
used In the Netherlands. Such cultures are till capable of fast acid production but may 
themselves be a source of virulent phage. 
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of starters to sanitizers varies greatly according to strain and species, but 
iodine and chlorine have little effect on starter performance under 
practical conditions, problems being potentially greatest with quater
nary ammonium compounds. Spring or late lactation milk has enhanced 
activity of the lactoperoxidase system which can lead to starter failure. 
There is considerable variation in sensitivity and only resistant strains 
should be selected as starters. 

7.2.2 Cheese milk 

Cheese may be made from the milk of any species and while cows' milk 
is most commonly used in the US and Western Europe, there is 
increasing interest in manufacture of goats' and, to a lesser extent, sheep 
milk cheese. In regions where fresh milk is scarce, cheese has been 
successfully made from recombined anhydrous milk fat and reconsti
tuted skim milk powder. 

The chemical composition of the milk affects the nature of the final 
cheese and in the past seasonal variation has restricted manufacture of 
some types to particular months of the year. In modern large-scale 
manufacture, however, it is general practice to standardize milk compo
sition to ensure consistency and maximum yield. In whole milk cheese, 
such as Cheddar, the sum of the casein and fat content is the principle 
factor affecting yield. The two main factors influencing cheddar quality, 
the fat on dry matter content and the moisture in non-fat solids content 
are largely determined by casein:fat ratio. 

The fat content of the milk is important in determining the characteris
tics of the different varieties and cream, whole, reduced fat, or skim milk 
is used (Table 7.5). Homogenization increases yield by reducing fat loss 
in whey. It may also be applied to promote the development of lipolysis 
in mould-ripened varieties and to improve the texture of soft cheese. 
Homogenization is not used to treat milk for hard varieties such as 
Cheddar. The handling and storage of cheese milk prior to processing 
requires care. Proteolysis affects both quality of the final "lheese and 
yield and must be minimized by storage below 5°C for a strictly limited 
time period. 

The heat treatment of cheese milk is a contentious, indeed emotive, 
issue. A heat treatment of equivalent lethality to pasteurization is 
considered necessary to ensure the destruction of milkborne vegetative 
pathogens such as Campylobacter and Salmonella and has the addi
tional advantage of favouring the growth of starter micro-organisms by 
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Table 7.5 Fat content of milk used for making various cheese varieties 

High fat 
Stilton 1 (cream added) 
Gorgonzola 

Whole milk 
Cheddar and related varieties 
Edam (whole milk) 

Low fat 
Parmesan 
Edam (low fat) 

Skim milk 
Cottage cheese 

1 Addition of cream is rare in current practice. 

up to 4.5% 
ca 4% 

3.5-4.0% 
2.9-3.1 % 

2.7-3.0% 
1.5-1.6 or 
2.5-2.6% 

trace 

reducing the competitive microflora. Heat treatment also increases yield 
slightly due to heat-induced casein/whey protein interactions. 

Heat treatment of cheese milk is, however, opposed by some manufac
turers and consumers on the grounds that the organoleptic quality is 
reduced. The evidence for this remains somewhat anecdotal, but there 
is a consensus that cheese made from pasteurized milk tends to have a 
blander, if more consistent, flavour. The development of ripening 
cultures based on beneficial constituents of the raw milk microflora is a 
relatively new development, which goes at least some way to resolving 
the conflict between organoleptic quality and safety. It must be stressed, 
however, that in cases of doubt, safety considerations are of paramount 
importance. 

The use of sub-pasteurization heat treatment of cheese, thermization, 
has been suggested as a means of limiting heat-induced changes in milk 
without compromlsmg microbiological safety. Various time
temperature combinations have been proposed, but all are likely to 
permit the survival of Listeria monocytogenes and Salmonella. 

Milk containing endospores of lactate-fermenting clostridia is associated 
with 'late blowing' defect in the finished cheese (see page 339). The 

• The lactopcroxidaselthiocyanale!hydrogen pcroxidc sy tcm (LPS) has also becn 
investigatcd for treatmcnt of chce c milk and has been hown to be acceptable for 
manufacture of eithcr hard or soft cheesc. Thc usc of LPS is of panicuiar interest in 
developing countries, where refrigeration may nOt be available, and is also permined in 
Swcden under 'emergcncy' conditions. 
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treatment of such milk presents particular problems since neither heat 
treatment, at an acceptable level, nor the LPS method provide effective 
control. Endospores may be removed by centrifugation (bactofugation), 
although use of this process in isolation involves the loss of ca. 3% of the 
milk. This problem may be overcome by sterilizing the centrifugate and 
recombining it with with the liquid milk. Centrifugation requires 
considerable capital expenditure and reduces plant throughput, it can 
only therefore be justified in large plants for treating milk with 
particularly high levels of clostridial endospores. 

In recent years there has been a considerable amount of interest in 
modifying cheese milk to increase the incorporation of whey proteins 
into the curd. This increases yield and reduces the problems associated 
with handling and disposal of whey. Heating milk at temperatures above 
100°C permits incorporation of whey proteins into the curd with a 
resulting yield increase but under normal conditions the heated milk 
loses its ability to be coagulated by rennet. This loss may, however, be 
reversed by addition of CaCl2 or by acidification. Bitterness associated 
with acidification of milk may be overcome by reducing the quantity of 
rennet added but further modifications to the cheesemaking process are 
required. The resulting cheese is considered to be of acceptable, but not 
high, quality. 

Concentration of milk by reverse osmosis or ultrafiltration permits 
undenatured whey proteins to be incorporated in the curd by entrap
ment. Less rennet is required to form a coagulum and this leads to 
economic benefit and a high potential for automation and continuous 
processing. Ultrafiltration is the more promising technology due to 
fewer problems with membrane fouling and the use of ultrafiltered milk 
is now well established in the manufacture of soft unripened cheese 
such as Quarg. Ultrafiltered milk has also been used on a small-scale in 
the manufacture of semi-hard cheese such as Gouda. Texture and 
flavour may, however, be affected and modifications to established 
procedures are needed to obtain optimal quality (see page 314). 
Attempts to make a hard cheese of satisfactory quality from ultraftltered 
milk have, however, been unsuccessful. 

• Vacuum concentrated milk has also been used for cheese making with an increase in 
yield and effiCiency. Partial homogenization of fat occur during concentration which 
leads to improved fat retention, although the major benefit lies in improved utilization of 
equipment. The resulting cheese i 'curdy' when young but improve as ripening 
proceed . 
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CONTROL POINT: CHEESE MILK CCP 1 

Control 

Milk of good initial quality and free from antibiotics. 

Milk must be correctly heat treated (see Chapter 2, page 50). 

Ensure milk correctly standardized. 

Additional processes, such as bactofugation and homogenization must 
be controlled to meet technological objectives. 

Monitoring 

Monitor temperature of milk throughout storage and minimize storage 
period. 

Test incoming milk for antibiotics before acceptance. 

Monitor time and temperature of heat treatment (see Chapter 2, page 
52). 

Determine fat and crude protein (see note) values by analysis and 
standardize on basis of crude protein fat ratio or, preferably, casein:fat 
ratio (Cheddar 0.69-0.71). Standardization to be supervised by trained 
and experienced personnel. 

Verification 

Cheesemaking properties. 

Examination of plant records. 

Re-analysis of fat and crude protein content. 

Note: The caseinfat ratio provides a better criterion for standardization, 
than crude proteinfat, but analysis for casein is currently difficult. 
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7.2.3 Manufacture of hard, semi-hard and semi-soft cheese 

Hard, semi-hard and semi-soft cheese form a spectrum ranging from the 
very hard grating cheeses such as Parmesan, which have a moisture 
content as low as 26%, to semi-soft varieties such as Bleu d'Auvergne, 
which have a moisture content as high as 50% and which are organolep
tically similar to soft varieties. A number of varieties of each type is 
produced but all differ from soft cheese in the degree of cutting and/or 
scalding the curd receives. Cutting and scalding together with acid 
production, nature of curd handling and ripening pattern dictate varietal 
differences within the hard, semi-hard and semi-soft cheeses (Table 7.6). 

Cheddar is by far the most important variety of hard cheese and is 
produced on an extremely large-scale and on a world-wide basis (Figure 
7.2)' Whole milk, standardized to a casein: fat ratio of ca. 0.7 is normally 
used, although low-fat 'Cheddar-type' cheese is now available (see page 
316). Starter cultures are mesophilic, usually containing L lactis ssp. 
cremoris alone or in combination with L lactis ssp. lactis. Large-scale 
manufacture is particularly susceptible to problems with bacteriophage 
and special management systems have been developed to overcome 
this. Initially pairs of phage-unrelated strains were used in a four day 
rotation, a different pair being used each day, but this system was unable 
to cope with the much greater problem of phage associated with the 
development of automated cheese making. The subsequent develop
ment of defined mUltiple strain starters has, however, permitted the 
control, but not the elimination of phage-related problems in large-scale 
manufacture. Development of such starters took place in New Zealand 
but similar cultures are now used in Australia, the US and Eire. The key 
to the development of multiple strain starters is the use of a simple test 
for predicting phage resistance. Potential starter strains are then chal-

Table 7.6 Relation between cheese variety and manufacturing technology of 
hard, semi-hard and semi-soft cheese 

Cheddar 
moderate starter activity, scald 39-40oC, curd 'cheddared' (see text) 

Caerphilly 
low, then high starter activity, scald 31-33°C, coarsely cut curd 

Cheshire 
enhanced starter activity, scald 31°C, mill for free-flowing curd 

Dunlop 
moderate starter activity, scald not more than 36.5°C, mill for friable curd 

Double Gloucester 
low starter activity, scald 35-3rC, rubbery curd, lightly 'cheddared' 
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Figure 7.2 The manufacture of Cheddar cheese. 

lenged, using as large a number of phage as possible. Whey from 
previous production cycles is included and the testing is continued over 
several growth cycles. Phage-resistant strains of satisfactory technical 
performance are placed in a panel from which those for starter use are 
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selected. Multiple strain starters consisting of six strains used without 
rotation have largely been replaced by two or three strain cultures used 
with, or without rotation. The starter must be monitored for phage
sensitivity on a daily basis. Phage-sensitive strains are removed from use 
immediately and replaced with a resistant strain from the panel. The 
number of available resistant strains can be rapidly depleted by this 
practice and it is now usual, where possible, to isolate BIMs from 
sensitive strains and to re-introduce these to the panel. Difficulties may, 
however, arise in isolating BIMs, or from slow acid production and 
reversion to phage sensitivity. 

The use of proteinase-negative strains (pre) of starter micro
organisms offers a number of potential advantages and has been of 
considerable interest in recent years. Such strains exhibit a high level 
of phage and antibiotic resistance, improved cheese yield due to 
reduced casein hydrolysis, and improved flavour due to reduction in 
the extent of bitter peptide formation. The performance of pre 
strains has been variable in practice, Cheddar cheese, but not Gouda, 
having been successfully made using pre strains only. Use of pre 
strains requires a high level of starter culture or supplementation of 
milk with yeast extract. The production cycle is also lengthened and 
some experts consider that 10-20% of the starter population should 
be prt+ to provide sufficient proteinase activity. It is now appreciated 
that pre strains differ in their proteinase profiles, some offering no 
advantage in terms of improved yield. Analysis before use is therefore 
considered essential. 

Pasteurized milk is delivered to the cheesemaking vats at a temperature 
of 30°C. Delivery of milk at lower temperatures and heating in the vat 
can lead to a 'dark seam' defect. Cheese vats vary in design from small, 
rectangular, open vats stirred by hand, or by sweeping agitators to large, 
cylindrical, enclosed vats fitted with rotating agitators and cutters. 
Starter culture is added at a rate of 1-2% followed after 20 min by 
addition of rennet to produce a coagulum. In production of coloured 
varieties, such as Red Leicester, annatto is added to the cheese vat 
before the coagulum forms. 

The major active ingredient of rennet, chymosin, is secreted in the 

• An alternative system of starter management has evolved in the Netherlands and other 
north European countries in which phage rc istan( trains are selected by the conrtnuous 
challenge of mixed strain starter cultures. Strain are nOt rotated but are used day after 
day. 
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bovine abomasum (fourth stomach), calves being traditionally the main 
source of supply. A shortage and the corresponding expense of calf 
rennet has led to the use of substitutes, including proteases from other 
animals and proteolytic enzymes produced by micro-organisms. Moulds 
are the most common source of coagulating enzymes, Mucor miehei, M 
pusillus and Endiothia parasitica being the most common sources. 
Recently chymosin produced by genetically modified Kluyveromyces 
lactis has been introduced. 

Calf rennet contains variable quantities of pepsin A in addition to 
chymosin. Rennet quality may be expressed in terms of the ratio 
between milk clotting and general proteolytic activity. Residual rennet 
proteolytic activity plays a role in ripening (see page 327), but a high 
level results in loss of yield and production of bitter peptides. 

Substitution of fungal enzymes for rennet leads to an economically 
significant reduction in yield, although this may be at least partially 
offset by the lower cost. Yield with genetically modified chymosin is 
similar to that with calf rennet although there may be textural differ
ences. 

In cheeses such as Cheddar rennet, or a substitute, is responsible for 
coagulum formation, since at this stage acid formation is insufficient to 
promote gel formation. The degree of acidity is, however, of consider
able importance in determining the properties of the coagulum and 
hence the nature and the quality of the finished cheese. Variations in the 
rate of acidification resulting from differences in starter activity or milk 
composition can lead to inconsistency of quality. Acidification of 
process milk with glucono-b-lactone is permitted in France to minimize 
this problem. 

BOX 7.1 In his mother's milk 

One of the advantages of milk clotting proteases produced by 
moulds is their acceptance for use in production of cheese 
acceptable to vegetarians. The position is unclear with respect to 
chymosin produced by genetically modified micro-organisms, 
since the gene controlling chymosin synthesis is of animal origin. 
There has been much discussion of this issue amongst vegetarian 
groups, but the situation currently remains unresolved. 
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CONTROL POINT: ACIDIFICATION AND CURD FORMATION CCP 2 

Control 

Acidification must proceed at correct rate. 

Curd formation must follow correct pattern. 

Monitoring 

Determine activity of starter culture before use or, for DVI cultures, 
obtain culture from reputable supplier. 

Monitor temperature of milk in cheese vat. 

Monitor development of acidity (pH value ). 

Obtain rennet from reputable supplier. 

Addition of rennet to be supervised by experienced personnel. 

Coagulum formation to be monitored by experienced personnel. 

Verification 

Properties of coagulum. 

Inspection of plant records. 

Incubation at 30°C continues until the acidity reaches 0.10-0.14% 
lactic acid when the coagulum is cut into cubes of ca. 5 mm and stirred 
into the whey. Cutting initiates and 'encourages' syneresis and the 
extent is of importance in determining varietal characteristics. At the 
same time care must be taken to avoid damaging the coagulum with 
consequent fat loss. 

Following cutting, curds for Cheddar cheese are scalded (cooked) at 
39-40oc, stirring continuing to ensure uniform heat distribution. Scald
ing enhances syneresis and whey expulsion, higher scald temperatures 
leading to cheese of low moisture content and firm body and lower 
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scald temperatures to a cheese of high moisture content and soft body. 
For this reason, scald temperatures are also important in determining 
varietal characteristics. 

Curds and whey are separated when acidity and curd firmness have 
developed sufficiently. In modem practice, curds and whey are 
removed from the vat at this stage, the vat being cleaned ready for 
immediate re-filling. The curd is then 'cheddared', a procedure which 
involves two basic principles, stretching and matting. Individual curd 
particles coalesce, drainage of whey continues and finally the curd 
attains the characteristic 'chicken breast texture'. Traditional cheddar
ing procedures involve manually piling and turning slabs of curd and in 
large, modern plants the procedure is mechanized to avoid this hard and 
expensive labour. Two approaches to automation exist; the cheddaring 
tower, a tall tower holding ca. 2 h production in which the curd mats 
under gravity, stretching taking place in the square sectioned lower end, 
and the use of flexible belts running at different speeds which alter
nately squeeze and stretch the curd. Such machinery is often combined 
with equipment for curd milling and salting. Curd texturing procedures 
for related varieties such as Double Gloucester and Derby differ from 
that of Cheddar and this, together with differences in scald temperature 
and acidity, accounts for differences in the final cheeses (Table 7.7). 

Acidification by starter micro-organisms continues throughout scalding 
and cheddaring, the rate of acidification, but not growth, being highest 
during cheddaring. The degree of syneresis and thus the moisture 
content of the final cheese is affected by the rate of acidification, while 
the extent of acidification affects the calcium content of the curd and 
cheese texture, high acid, low-calcium curds such as those of Cheddar-

Table 7.7 Characteristics of Cheddar and related cheese varieties 

Cheddar 
buttery but firm body with close texture; clean 'nutty' flavour 

Caerphilly 
firm, springy body, flaky but short texture; mildly acid when young, becom
ing sharp and strong with age 

Cheshire 
open textured, firm body with mild, lactic flavour 

Dunlop 
close and waxy texture, mild and creamy flavour sharpening with age 

Double Gloucester 
intermediate character between Cheddar and Cheshire (hybrid cheese) 
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type cheeses having a crumbly texture. The quantity of chymosin, but 
not of fungal pepsins or rennins, retained by the curd is also affected by 
acidity, larger quantities being retained at low pH value with a resulting 
higher rate of proteolysis during ripening. Control of acidification 
throughout the process is necessary to ensure a high quality cheese, 
optimal levels for cheddar being 0.15 to 0.19% lactic acid at the point of 
draining, 0.20-0.22% lactic acid at commencement of cheddaring and 
0.60-0.80% lactic acid at the end of cheddaring. Harsh bitter flavours 
result if acid production is excessive and it is common practice, where 
paired starter strains are used, to use a 'fast' acid-producer which 
continues to grow during cooking with a 'slow' producer which does 
not grow but continues to produce acid at a slower rate. Multiple strain 
starters containing BIMs are highly efficient and over acidification may 
occur unless manufacturing procedures are modified. In varieties such 
as the related Cheshire, however, the use of specially selected, highly 
active strains of 1. lactis ssp. lactis to produce a fast rate of acid 
production is an essential part of manufacture. 

After cheddaring the curd is milled, dry salted, moulded and pressed. 
Traditionally cheddar cheese was pressed into circular or rectangular 
blocks weighing up to 20 kg. Paraffin wax was used to protect the rind 
and minimize moisture loss. The traditional cheese press is a manually 
operated screw press, but this has been largely replaced by hydraulically 
powered equipment operating multiple pressing heads. Such presses are 
usually operated in conjunction with automated moulding equipment. 
In very large-scale production as much as one tonne may be pressed in a 
single operation, the pressed cheese being cut into blocks and vacuum 
packed. The cheese is packed before the curd has 'set' and cooling is 
applied to prevent deformation of the blocks. To some extent moulds 
and presses are being replaced by block makers. Several types are 
available, the widely used tower system holding milled and salted curd 
under vacuum in a tower. The curd compacts under the weight of its 
own mass, blocks are cut at the base of the tower, and vacuum packed in 
a barrier film. Care must be taken to avoid distorting the blocks during 
handling. Under some circumstances the curd compacts relatively 
loosely and some block makers incorporate a pressurized section to 
overcome this problem. 

The conversion of lactose to lactic acid should be completed, as far as 
possible, while starter micro-organisms remain active. A low level of 
residual lactose minimizes heterofermentative metabolism by non-starter 
lactobacilli and pediococci leading to over-production of formic acid, 
ethanol and acetic acid and resulting loss of cheese quality. The conversion 
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CONTROL POINT: DRAINING AND TEXTURIZATION CCP 2 

Control 

Curd to be cut at correct time. 

Curd to be cut to correct extent. 

Damage to curd to be avoided. 

Correct heating to be applied. 

Acidity development to continue at optimal rate. 

Texturization processes (e.g. cheddaring) to be correctly applied. 

Monitoring 

Monitor acidity (pH value) to determine correct time of cutting. 

Manual cutting and texturization to be carried out by experienced 
personnel. 

Automated cutting and texturization to be monitored by experienced 
personnel. 

Monitor heat applied on a continuous basis. 

Monitor development of acidity on a continuous basis. 

Verification 

Properties of curd. 

Inspection of plant records. 

Automated equipment calibration and maintenance to be on a regular 
basis. 
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of lactose to lactic acid is completed within 24 h in the freshly pressed curd 
if starters remain metabolically active. This may be achieved by salting the 
curd to a salt-in moisture level of 4%. This procedure may, however, result 
in the under-production of flavour compounds and an alternative method 
involves rapid cooling to 10°C, a temperature at which non-starter LAB 
metabolize lactose homofermentatively. 

Mesophilic starter cultures are also used in the manufacture of semi
hard cheese varieties. These are a diverse group, although all are made 
from coarsely cut and lightly scalded curds of high moisture content. 
Varietal differences arise largely from the extent to which acid develop
ment is permitted. 

Edam and Gouda are produced on a large-scale in Holland, a consider
able degree of mechanization being employed in the larger factories. 
These are low acid, sweet curd varieties which are prone to microbial 
spoilage and process milk must be of high microbiological quality. 
Pasteurization is invariably employed and bactofugation widely used. In 
addition up to 0.02% NaN03 may be added, the reduction product, 
NaN02 preventing the germination of bacterial endospores. Calcium 
chloride, to enhance coagulum formation, and colouring may also be 
added prior to inoculation. Starters include 1. lactis ssp. lactis biovar 
diacetylactis or Leuconostoc. 

The extent of acid production in the curds is controlled by replacing ca. 
25% of the whey with water at a temperature of 50 to 60°C. This has the 
effect of both lightly scalding the curds by raising the whey temperature 
to ca. 3 rc and restricting further starter activity by reducing the 
lactose content. This results in a high moisture content curd of pH value 
5.3 to 5.4 which develops a rubbery, elastic texture in the final cheese as 
a consequence of the high calcium content. After whey drainage the 
curds are filled into moulds and lightly pressed, placed in a concentrated 
NaCl brine for 24-48 h and dried. 

In contrast to the Dutch-type cheese, acid production in the curd is 
encouraged in other semi-hard varieties such as Caerphilly and lanca
shire. Caerphilly is salted by brine immersion and eaten without 
maturation, whereas Lancashire is unusual in being made by blending an 
older, high acid curd (1. 5 % lactic acid) with a young low acid curd 
(0.18-0.2% lactic acid) to produce a process curd with ca. 0.9% lactic 
acid. This results in a characteristic soft, crumbly texture. 

Semi-soft cheeses include the bacterial surface-ripened type such as 
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CONTROL POINT: MILliNG, SALTING AND PRESSING CCP 2 

Control 

Curd to be milled to correct size. 

Ensure NaCI of suitable grade and evenly distributed. 

Apply correct pressure during pressing. 

Ensure sufficient vacuum after packing. 

Ensure seal integrity. 

MOnitoring 

Milling and salting to be supervised by experienced personnel. 

NaCI to be obtained from reputable supplier. 

Pressing to be supervised by experienced personnel and operating 
parameters monitored on a continuous basis. 

Verification 

Quality of young cheese. 

Inspection of plant records. 

Periodic determination of vacuum within blocks. 

Visual inspection of seam integrity. 

Automated equipment calibration and maintenance to be on a regular 
basis. 

Limburger and Port du Salut and the mould-ripened, blue-veined cheese 
such as Stilton and Roquefort. Surface-ripened cheese all share a similar 
technology and are usually made with mesophilic starters, although in 
some cases Str. salivarius ssp. tbermopbilus is present. Starter growth 
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during manufacture is rapid and continues while the curd is draining in 
moulds. The rate of acid development determines the rate of whey 
drainage and thus the final moisture content of the cheese. This in turn 
influences the pattern of ripening and the organoleptic properties of the 
final cheese (see page 328). 

Young surface-ripened cheeses are salted either by brine immersion or 
by dry surface salting followed by wiping with a brine soaked cloth. The 
inoculum of ripening bacteria is derived from the ripening cellar and 
smeared over the surface. 

Upolysis is important in flavour development during ripening of blue
vein cheese (see page 330) and for this reason high fat milk is used if 
possible. Roquefort cheese must be made from sheep milk, which is also 
widely used for other varieties in France and Spain. The fat content of 
cows' milk may be increased by addition of cream in the manufacture of 
Stilton and Gorgonzola and homogenization may be used to aid lipolysis 
during ripening by increasing the surface area of the fat globules. The 
smaller size of the globules is also important in promoting a smooth 
curd texture. 

Mesophilic starters are used in manufacture of blue-vein cheese and 
include L. lactis ssp. lactis biovar diacetylactis or Leuconostoc which 
produce CO2 and impart an open texture to the cheese, encouraging 
subsequent mould growth. The curd is of the high acid type, acidity 
developing slowly over a long draining period. The curd is neither 
cooked nor pressed but allowed to consolidate under its own weight. 

Ripening involves the mould Penicillium roquefortii which may be 
added either to the cheese milk or to the curds. The use of moulds 
inevitably raises the question of possible mycotoxin formation and, in 
the past, consumer anxiety has been raised by poorly informed press 
reports. While there is no evidence that mycotoxins cannot be pro
duced in mould-ripened cheese, the solution, as in all situations where 
mould is used in food production, lies in ensuring that commercially 
used strains are atoxigenic. 

Thermophilic starters are used where manufacture involves the use of 

• When manufacturing cheeses of dilferent size it i important to obtain an optimal ratio 
between depth of chee and surface diameter to permit ripening to proceed correctly. 
Brevfbacterlum linens i u ualJy of greatest importance in determining flavour, but 
yeasts and other bacteria are also of importance. 
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BOX 7.2 Half as old as time 

Mention should be made of the Norwegian blue-vein cheese 
Gammelost (literally 'old cheese'), which is of ancient origin and 
predates established cheesemaking technology. Gammelost is a 
skim milk, acid-set cheese and no rennet is used in manufacture, 
the coagulum forming as a result of acid formation by starters 
resembling L. lactis. Two main regional manufacturing methods 
are used, but in each case the curds are heated to 100°C. The 
cheese is not salted. Spores of Penicillium are either added to the 
curd, or inoculated by piercing with coated needles, but adventi
tiously derived moulds such as Mucor and Rhizopus are important 
as surface-ripening agents. 

high cooking temperatures. The main groups are the very hard Italian 
cheeses such as Parmesan and hard SWiss-types such as Emmental. 
Parmesan and similar cheeses are made from low-fat milk standardized 
at ca. 2%. Streptococcus salivarius ssp. thermophilus and Lb. del
brueckii ssp. bulgaricus are used as starters and are added to milk in a 
'kettle' containing sufficient milk (ca. 150 gallons) to make a single 
cheese. After a short incubation at 32-36°C rennet is added, in 
traditional practice a special high-lipase preparation or a rennet paste 
being used. The coagulum is fine cut into 3 mm pieces using a special 
tool, the spino, the curds and whey being stirred and heated in a 
two-stage process. During the first stage the temperature is raised to 
43°C over a 15 min period and held for a further 15 min, in the second 
stage the temperature is raised to ca. 55°C over a 15-30 min period. 
This temperature is maintained until the curds are judged to be of 
sufficient firmness, the curd particles are then allowed to settle before 
removal from the whey in a cloth. After a short draining period in the 
cloth, the curds are placed in moulds, pressed overnight and then held 
for 3 days at 15°C during which time starter micro-organisms ferment 
residual lactose. The cheeses are then immersed in brine for 14 days and 
dried for several days at IS-20°C before maturation. 

Whole milk is used in the manufacture of Swiss-type cheese such as 
Emmental and bactofugation may be desirable to reduce the number of 
clostridial spores. Starters should include Lb. helveticus or gal+ strains 
of Lb. delbrueckii ssp. lactis to ferment galactose excreted by str. 
salivarius ssp. thermophilus. This ensures that the cheese, after brining, 
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is effectively sugar-free and mlO1mlzes growth of spoilage micro
organisms. Propionibacterium is added with the starters but is of no 
importance in the pre-ripening stages of manufacture. After cutting the 
coagulum into 3 mm pieces, the curd temperature is raised from 35 to 
45°C at the rate of 1°C every 2 min and then to ca. 55°C at the rate of 
1°C every minute. This protocol produces a cheese which is both 
sufficiently elastic to permit eye formation by the non-starter Propioni
bacterium and sufficiently ftrm to maintain shape. It is also essential that 
the starter micro-organisms survive cooking and are able to produce 
sufficient acidity in the cooling curd to mat the curd particles into a 
dense mass. 

The more rapid cooling of the periphery of the cheese to the growth 
range of the starter bacteria means higher post-cooking production of 
lactic acid and the establishment of a concentration gradient between 
the edge and the centre of the cheese. After pressing the cheese 
undergoes a complex and lengthy brining procedure which establishes a 
NaCl concentration gradient. Development of Propionibacterium is 
greatest in the low NaCl and lactic acid concentrations and anaerobic 
environment at the centre of the cheese and this is an important factor 
in producing the characteristic properties of Swiss-type cheese. 

The Italian Pasta mata cheeses are a miscellaneous group comprising the 
hard varieties Cacciocavallo and Provolone and the soft Mozzarella and 
whole milk Ricotta. Provolone is unusual in that hexamine, acting 
through its decomposition product formaldehyde, is permitted in the 
process milk as a preservative. 

Cacciocavallo and Provolone are both made using Lb. delbrueckii ssp. 
bulgaricus as starter. A cooking temperature of ca. 48°C is used and 
acidity development in the curd encouraged. The pH value of the curd 
falls to 5.1-5.2, at which point the curd is softened in water at a 
temperature of 85°C. The softened curd then undergoes a kneading and 
stretching process and develops a very smooth and elastic texture 
which permits moulding by hand before hardening in cold water and 
brining. 

Mozzarella and whole milk Ricotta cheeses are traditionally made with a 
mixed starter culture comprising the mesophilic L. lactis ssp. lactis and 
the thermophilic Str. salivarius ssp. thermophilus and Lb. delbrueckii 
ssp. bulgaricus. Replacement of Lb. delbrueckii ssp. bulgaricus by Lb. 
helveticus has been recommended to improve cooking qualities of 
Mozzarella. The curd undergoes a similar treatment to that of the hard 
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Pasta filata varieties, but the water content is significantly higher and the 
cheeses are eaten fresh without ripening. 

7.2.4 Ripening of hard, semi-hard and semi-soft cheese 

All types of hard, semi-hard and semi-soft cheese are ripened before 
consumption, the period of ripening varying from up to 2 years for the 
very hard grating cheese Parmesan to ca. 2 weeks for the semi-hard 
Caerphilly and semi-soft Romadour and Monterey varieties. The ripen
ing process is summarized in Figure 7.3 and the biochemical and 
chemical reactions discussed in detail in pages 326-31. 

With the exception of Emmental and other Swiss-type cheese and 
mould-ripened versions of hard cheeses such as Cheshire, hard and 
semi-hard varieties are ripened by enzymes derived from rennin, starter 
micro-organisms, non-starter micro-organisms and, in raw milk cheese, 
the milk itself. 

Amines 

+ Proteolysis 

t 
Casein 

+ High MW 

polypeptides 

t 
LowMW 

polypeptides 
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Keto acids 
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Figure 7.3 Chemical changes during cheese ripening. 
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For a number of years it was assumed that the non-starter LAB 
Lactobacillus and Pediococcus, were involved in the changes taking 
place during ripening, and at least equalled the starter organisms in 
importance. Subsequently, however, it was shown that cheese of normal 
organoleptic properties could be made with starter organisms alone. 
Non-starter LAB may playa secondary role under commercial manufac
turing conditions, but this may be insignificant compared with the 
production of defects such as calcium lactate crystals (see page 339) or, 
in some varieties, production of the biogenic amines histamine and 
tyramine (see page 336). 

Ripening of Swiss-type cheese such as Emmental follows the same basic 
pattern as that of other hard cheese, but is strongly influenced and 
modified by the presence of Propionibacterium jreudenreicbii. Pro 
/reudenreichii metabolizes lactic acid to propionic and acetic acids and 
CO2 , the latter being responsible for the characteristic eye formation. 

Ripening of the body of smear-ripened varieties follows a similar pattern 
to that of Cheddar-type cheese, but at the surface non-starter organisms 
playa major role. Brevibacterium linens is generally considered to be of 
greatest importance and is responsible for the brownish-red coloration 
of the mature cheese. Salt-tolerant yeasts, Geotrichum candidum, 
Caseobacter and micrococci may also be present and contribute to the 
final properties of the cheese. Geotrichum candidum is of particular 
importance in initiating the growth of Br. linens by metabolizing lactate 
and raising the pH value. 

The extent to which ripening by Br. linens proceeds depends on the 
cheese variety. In Limburger proteolysis proceeds to the extent that the 
consistency may resemble that of warm butter and the cheese is 
strongly flavoured. In contrast, growth of Br. linens on the Bel Paesa and 
Monterey varieties is limited by the relatively dry curd and the mature 
cheeses have a firm texture and a low flavour intenSity. Over-ripening is, 
however, a potential problem with any surface-ripened cheese and may 
be controlled by lowering the temperature, physically removing surface 
growth or restricting the area of the cheese exposed during ripening. 

Ripening of blue vein cheeses is initiated by enzymes derived from 
rennet and, probably, from starter bacteria, but the major changes result 
from the growth of the mould P. roque/ortii. Air is admitted to the 
interior of the cheeses during ripening by piercing with needles and 
mould growth follows the lines of piercing. Roquefort and Gorgonzola 
are pierced after 2-3 weeks maturation and Stilton at ~ weeks, growth 
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usually reaching a maximum after 1 to 3 months. Mould growth in the 
surface-salted varieties (Roquefort and Gorgonzola) is greatest in the 
mid-zone of the cheese where the NaCI concentration is an optimal 
1-3%. Excessive growth of P. roque/ortii during ripening is undesirable 
and with many blue vein varieties it is usual, once the mould has grown 
to the desired extent, to wrap the cheese in tin foil. This limits further 
mould growth but permits continuing enzyme activity. 

Formation of a smooth, impervious rind which protects the interior 
from airborne contamination is an important aspect of blue-vein cheese 
manufacture. The surface microflora is important in the development of 
the rind, the composition depending on the moisture content of the 
cheese. Salt-tolerant, lactate-metabolizing yeasts usually appear first and 
by raising the pH value permit growth initiation by other micro
organisms. Brevibacterium linens is usually dominant in cheeses of 
higher moisture content such as Bleu d'Auvergne and Wensleydale, but 
in drier varieties such as Stilton a varied microflora containing yeasts, 
Lactobacillus, Caseobacter, Micrococcus and, occasionally, Bacillus 
species develops. 

A traditional blue-vein variant of the hard English variety Cheshire is 
produced and attempts have been made to develop similar variants of 
other hard varieties. In such cheese P. roque/ortii develops to a lesser 
extent and has less involvement in ripening than in semi-soft blue vein 
cheese. 

Ripening of cheese involves storage under conditions of controlled 
temperature and, unless the cheese is sealed into an impermeable film, 
humidity. Mechanical refrigeration is normally required although some 
cheese is still ripened in naturally cooled cellars and in limestone 
caverns. The temperature used is often a compromise between the need 
to ripen the cheese as rapidly as possible and the need to prevent 
development of atypical flavours and the growth of undesirable micro
organisms. Ripening temperatures are usually in the range 10-15°C 
according to variety and the relative humidity controlled at 85-90%. 
The first stage of ripening of Emmental, however, is at 18-22°C to 
encourage initiation of growth of Pro /reudenreichii, while the relative 
humidity during the growth of P. roque/ortii on blue-vein cheese is as 
high as 96%. 

The length and extent of ripening depends primarily on the cheese 
variety. With some varieties, including Cheddar, Cheshire and Parmesan, 
the extent of ripening is varied according to the preferences of different 
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groups of consumers and the end use. Parmesan, for example, may be 
sold as a natural cheese after ca. 1 year ripening, or matured for a further 
2-4 years and used as a grating cheese. 

The ripening of cheese is an expensive procedure and there is continu
ing commercial pressure towards reducing costs by accelerating the 
ripening process. Interest in accelerated ripening is greatest in the case 
of mass produced, hard varieties such as Cheddar, although both 
semi-soft and soft blue-vein varieties have received some attention. 

Accelerated ripening is most simply obtained by increasing the matura
tion temperature but this potentially leads to the growth of pathogens 
and the development of atypical flavours. Various other approaches have 
been taken, including procedures involving the addition of enzymes 
related to ripening. This approach is currently the most advanced and 
'enzyme-modified' cheese is in commercial production. In some coun
tries, however, legal restrictions apply. Proteinases and/or peptidases 
from a number of sources have been used for accelerated ripening of 
hard cheese. These include mammalian tissues, the moulds Aspergillus 
and Penicillium and the bacteria Bacillus subtilis, Lb. casei, Micrococ
cus species and Pseudomonas fluorescens. Earlier problems of flavour 
and textural defects have been at least partly overcome by combining 
bacterial or fungal endopeptidases with exopeptidases which degrade 
the small bitter peptides. Further difficulties arise with the means of 
introducing enzymes into the ripening cheese. Microencapsulation, to 
separate enzymes and substrates until the cheese is made, offers the 
most satisfactory means of introducing enzymes. Microencapsulation 
may be obtained in a number of ways including liposomes, artificial 
vesicles with an aqueous, enzyme-containing core surrounded by 
concentric layers of lipid lamellae. Up to 90% of liposomes added to 

BOX 7.3 Ripeness is all 

Ripening continues, to a greater or lesser extent, to the point of 
consumption and the continued growth of large-scale retailing and 
the consequent need for lengthy distribution chains and extended 
shelf lives means that cheese may leave the ripening room in a 
relatively immature state. Quality problems may result from the 
ripening pattern being disturbed by poor temperature control 
during distribution and display. 
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milk are retained intact in the curd matrix at the end of cheddaring, but 
are disrupted in the maturing cheese. 

The use of elevated levels of starter micro-organisms is a potentially 
attractive means of accelerating ripening. There are, however, inherent 
problems caused by excess acid production and while these may be 
overcome by in-vat neutralization with NaOH, this is seen as being 
technically crude. A more sophisticated approach is heat-shocking of the 
starter micro-organisms, which inactivates acid-producing capacity 
while retaining proteinase and peptidase activity. Heat-shocking is, 
however, an expensive procedure and the organoleptic quality of 
cheese produced using heat-shocked starters highly variable. A more 
satisfactory approach may be to use lac- strains of starters such as 
Lactococcus as a means of obtaining the necessary cell numbers without 
excess acid production. 

7.2.5 Manufacture of soft cheese 

Soft cheeses comprise a large group characterized by a high moisture 
content. Curds receive little, or no, cutting or scalding and whey is 
drained by gravity without pressing. Soft cheese may be either acid-set, 
in which the coagulum results entirely from acidification, or renneted. 

Acid-set cheeses are technologically simple and are typified by lactic 
cheese. Lactic cheese is usually made with skim milk, although milk with 
a fat content as high as 25% can be used. Mesophilic starter cultures, 
usually containing L. lactis ssp. lactis or ssp. cremoris are used to 
produce an acid coagulum which may be lightly cut to assist drainage. 
Whey is drained by suspending the set curd in a cloth, when sufficiently 
dry the resulting cheese is salted and packaged. Herbs, etc., may be 
added at salting and the curd may be homogenized to impart a smooth 
texture. 

White brined cheese is a special type of acid-set cheese common in 
eastern Europe and the Middle East. Traditional varieties are made using 
sheep or goats' milk but cows' milk is increasingly used. Mesophilic 
starter cultures comprising L. lactis ssp. lactis and ssp. cremoris, or 
thermophilic yoghurt starters comprising Str. salivarius ssp. thermo-

• An alternative approach to accelerated ripening involve the use of butterfat microcap· 
sules containing cXttac of Br. {(nells . l\vo cap ulcs are used, the fir t containing cell 
extract and methionine to produce methanethiol, the econd cell extract and cysteine to 
produce H~ which stabilize the m than thiol. 
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CONTROL POINT: RIPENING CCP 2 

Control 

Temperature and humidity must permit normal ripening patterns. 

Ripening should be for the correct time period. 

Additional procedures such as piercing and surface smearing must be 
carried out correctly. 

Monitoring 

Monitor temperature and humidity in ripening store (where artificially 
controlled ). 

Apply formal stock management system. 

Inspection of cheeses during ripening. 

Piercing, smearing, etc., to be carried out by experienced personnel. 

Verification 

Quality of end-product. 

Inspection of plant records. 

phi/us and Lb. delbrueckii ssp. bulgaricus produce the coagulum which 
is drained in special moulds or bags. The curd is roughly cut into ca. 
lOcm cubes and salted by immersion in brine for ca. 12 h at 12 to 14°C. 
The salted curd is packed in a brine made from whey acidified to 0.36% 
lactic acid with 10-12% NaCl and matured for ca. 30 days. 

Feta is a Greek brined cheese which is becoming increasingly popular in 
western Europe. Feta differs from other brined cheeses in being 
dry-salted, a very coarse salt being used for 24-48 h depending on 
ambient temperature. The young cheese is ripened for a few days before 
packing in brine. 

Direct acidification is used in the manufacture of Queso blanco cheese 
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and similar varieties. Traditionally lemon JUiCe is used to set the 
coagulum, but citric and other acids may also be used. Methods of using 
direct acidification in place of starter cultures in production of some 
other varieties including Mozzarella and Cottage cheese have been 
devised, while white vinegar is used as a secondary acidulant in 
manufacture of the Italian Impastata. The curd of directly acidified 
cheese tends to have an open structure, often requiring the use of 
stabilizers and, in the case of cottage cheese, imparting a soft texture 
disliked by consumers. Yield, however, is higher than when starter 
cultures are used. 

Whey cheese is made from the acid whey by-product of hard cheese 
manufacture. Whole or skim milk is added at levels of up to 10% to 
improve yield and the whey qIay be partially neutralized. The curd 
differs from that of other cheese in consisting primarily of whey proteins 
precipitated by heating for several hours at up to 90°C. The precipitated 
protein becomes enmeshed with fat globules and rises to the surface 
where it is removed by skimmers, packed into moulds and drained. 
Some varieties are lightly pressed. 

In the manufacture of most varieties of renneted soft cheese, addition of 
rennet is made when the acidity is higher than in the harder varieties 
and thus the acid conditions playa more important part in formation of 
the coagulum. The simplest type of renneted soft cheese is unripened 
and resembles acid-set cheese such as lactic cheese with respect to 
organoleptic properties and short shelf life. 

Quarg is a skim milk cheese production of which is now characterized 
by a very high level of automation. The 'starter culture (L. lactis ssp. 
lactis and ssp. cremoris) imparts an initial acidity of 0.7-0.8% lactic 
acid, rennet is added and the milk incubated at 30°C for 3-6 h in the 
short-set method and 16 h in the long-set. The coagulum is cut once, 
stirred and the whey separated either by drainage or by specially 
designed centrifugal separators. The curds are then blended, salt and, 
where appropriate, flavouring added and pumped through a continuous 
cooler before packaging. 

Cottage cheese is highly popular as part of a 'healthful diet' and also 
lends itself to combination with a remarkably wide range of other 
foodstuffs (see page 315). The cheese differs from other soft cheese, 
however, in that the curd particles are separate and retain their own 
identity. 

Most cottage cheese is made from skim milk which may be fortified with 
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skim milk powder. Two basic manufacturing methods are used, the 
commonly used short-set in which 4-5% starter (L. lactis ssp. lactis) is 
added to milk at ca. 32°C to form a coagulum in 4-5 h, or the long-set in 
which milk is inoculated with 1 % starter and incubated at ca. 21°C for 
12-13 h. The coagulum is thus effectively acid-set although a small 
quantity of rennet is added to long-set and, in some factories, to short -set 
to firm the coagulum and assist formation of correctly textured curd. 

The coagulum is cooked at temperatures between 53 and 65°C depend
ing on the required curd firmness before draining and washing. Contact 
with cold water must be avoided immediately after cooking and most 
processes involve three separate washes at temperatures of 24-25, 10 
and 2-4°C. 

A number of types of cottage cheese exist, that produced in the UK 
being creamed with a separately prepared dressing. The dressing is 
prepared from cream fermented with L. lactis ssp. lactis biovar diacety
lactis and Leuc. mesenteroides ssp. cremoris. The dressing is salted and 
may include added skim milk powder, to increase viscosity and the total 
solids content of the whole product, and stabilizers such as tragacanth 
and carrageenan. Sorbic acid, or other preservative, if permitted, may 
also be added. 

Fromage frais is the generic name for a family of cheeses which include 
Boudon, Demi-Sel, Gervais and Neufchatel. Varietal differences lie in fat 
content, NaCl content, size, shape and packaging. Neufchatel undergoes 
a slight mould-ripening. The role of acid production in setting the 
coagulum is very limited and either no starter culture, or only a few 
drops, is added. Setting times may be as long as 48 h. In several varieties 
the curd is homogenized before packing by passing between granite 
rollers. 

Ripened varieties of renneted soft cheese are made using non-starter 
micro-organisms as ripening agents. The best known are the surface 
mould-ripened types such as Camembert and Brie. Cows' milk is most 
common, but ewes' milk and goats' milk is also used in manufacture of 
varieties such as Chabris. 

A great many varieties of surface mould-ripened cheese are produced, 
but most are of similar nature and share a similar basic technology 
typified by Camembert, the most important French variety. 

Camembert is made from whole milk with species of Lactococcus as 
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starters. Milk is inoculated with 1.5-2.5% starter culture and incubated 
for 1 h at 25-30°C before addition of rennet. After a further 70-75 min 
incubation the curd is ladled into perforated, cylindrical moulds and 
allowed to drain for ca. 6 h. The curd shrinks during drainage to about 
50% of the original volume and the acidity rises to O.~. 7% lactic acid. 
The cheeses are then turned and drainage continues overnight at a 
minimum temperature of 22°C, the moisture content being ca. 60% 
when moulds are removed. 

Control of temperature and humidity in the cheese room is an essential 
part of successful manufacture of Camembert and related cheeses, a 
balance being necessary to ensure adequate drainage without excessive 
acid production. Varietal differences may arise at this stage due to 
differing degrees of drainage. Brie, for example, is of higher moisture 
content than Camembert and ripens more rapidly. 

Camembert is dry-salted at 24 h and held for a further 24 h at ca. 20°C. 
This is an important stage with respect to ripening, the dry surface of 
relatively high NaCl concentration inhibiting the growth of undesirable 
bacteria. The cheese is then sprayed with a suspension of spores of 
Penicillium camembertii, held for a further 24 h and transferred to the 
ripening room. 

In addition to surface mould-ripened soft cheese, a bacterial smear
ripened variety Romadour is produced in Austria and south Germany. 
Romadour is effectively a high moisture variant of Limburger, made by a 
similar process and ripened by Br. linens. 

7.2.6 Ripening of soft cheese 

The ripening of soft cheese involves the same basic processes as that of 
harder varieties (Figure 7.3, page 303). However the use of non-starter 
micro-organisms as ripening agents is of greater relative importance . 

• Scanning electron and light microscopy has been employed to illustrate in detail t.he 
microbial succession in t ectare cheese. This cheese, which is similar to Brie, 
originated in the Auvergne region of France, but the samples studied were made at the 
Benedictine abbey of Regina Laudi • Bethlehem, Connecticut. The cheese i made from 
unpasteurized milk, no starler culture is added and the ripening microfiora is entirely 
adventitiou . The first two day of a 60 day ripening period were dominated by str. 
cremoris and budding yeast , primarily Torulopsis and Debaryomyces. Geotrlcbum 
condidum appeared shortly after the initial phase followed by zygomycetes of Mucor at 4 
day . At day 20 the deuteromycete Tricotbectum roseen was detected and from that 
point onwards Brevibacterlum and Artbrobacter were seen amongst the fungal hyphae 
and yeast cell (Morcellino, . and Benson, D.ll 1992. Applied and Environmental 
Microbiology, 58, 3448-54). 
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Growth ofP. camembertii during ripening is usually preceded by film 
yeasts and Geotrichum. There is controversy over the role of these 
organisms in creating conditions favourable for P. camembertii, but 
mould growth does not usually develop significantly until the pH 
value rises as a result of lactate metabolism by yeasts. Once growth of 
P. camembertii has been initiated, spread is rapid and development is 
maximum after 10-12 days. Shortly after softening of the cheese body 
becomes apparent. At this stage the cheese is wrapped and boxed. 

The pH value rises during the later stages of ripening and is an 
important factor in the softening of the body of the cheese. The rise 
in pH value also permits the growth of non-acid tolerant micro
organisms derived adventitiosly during cheese making or, in the case 
of raw milk cheese, from the process milk. Such micro-organisms can 
make either a positive, or negative, contribution to flavour. In recent 
years, increasing use of pasteurized milk, together with improved 
general standards of hygiene, have meant that the numbers of 
adventitious micro-organisms are lower. It has been alleged that this 
leads to a bland cheese, lacking in some flavour notes. Recently, 
ripening cultures, representative of the adventitious microflora have 
become commercially available. These contain various mixtures of 
micro-organisms induding species of Micrococcus and yeast. Brevi
bacterium linens, derived from the ripening environment, or added 
ripening culture, is a normal part of the microflora of mould ripened 
soft cheese, development being most extensive on the higher mois
ture types such as Brie. Excessive growth of Br. linens is, however, 
undesirable. Control of temperature and humidity is of particular 
importance during the first 10-12 days of ripening when P. camem
bertii is actively growing. The temperature is controlled at 11-14°C 
and the relative humidity at 85-90%. Ripening is delayed by low 
temperature and humidity and under extreme conditions the cheese 
may merely dehydrate without ripening being completed. At high 
temperatures and humidity the surface is likely to be wet and growth 
of both desirable and undesirable micro-organisms excessive. As with 
harder varieties the demands of supermarket retailing can cause 
problems, especially if the cheese enters a low-temperature distribu
tion chain (temperatures below 4°C) before maximum growth of P. 
camembertii has occurred. 

The rise in pH value is also important with respect to the growth of 
potential pathogens. Extensive growth of both diarrhoeagenic strains of 
Escherichia coli and Listeria monocytogenes can occur, especially in 
the crust of ripened soft cheese of high pH value. 
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7.2.7 Non-conventional cheese making techniques 

Traditional cheese making involves a series of labour-intensive opera
tions and mechanization is of considerable economic benefit. Mechani
zation has been applied to many aspects of the process from starter 
inoculation to handling of the mature cheese in the warehouse but 
essentially mimics manual procedures. Curd formation, however, largely 
remains a batch process and is seen as an obstacle to continuous cheese 
making and full automation. The initial approach to this problem 
involved the use, in soft cheese making, of a number of small vats which 
discharged curd onto moving belts (Alpma Fromat TM system). In a 
subsequent system, the Alpma Coagulator TM, the curd was formed in a 
trough-shaped moving belt, divided into sections to act as a series of 
vats. Neither of these two systems represented true continuous curd 
making and in each case the mechanism of coagulum formation was the 
same as that of conventional manufacture. 

A number of methods have been developed to exploit the Berridge cold 
renneting principle. In the Hutin-Stenne system concentrated milk is 
ripened with starter, cooled and renneted. The renneted milk is then 
mixed with hot water under turbulent flow conditions and forms a curd 
immediately. The curd particles formed in this way are fine and are 
passed through tubes to agglutinate into larger particles before drying
off the curd and moulding. This forms the basis of the APV Paracurd™, 
which is used commercially in the manufacture of some soft cheese 
varieties. 

An alternative system, the Dutch NIZO system was originally designed 
for continuous production of Edam and Gouda cheese. Cold milk is 
inoculated with starter and rennet and held for up to 5 h at 2°C. The 
milk is then heated to 30°C in a continuous heat exchanger and the curd 
formed in a vertical separator. A rotating knife presses the curds onto a 
rotary drying screen and a curd washing stage may be introduced at this 
point. The curds are compacted in vertical tubes with perforated walls 
and filled into moulds. 

Although the development of the Hutin-Stenne and NIZO systems 
aroused much interest, their further development, especially with 
regard to soft and semi-soft varieties, has been over-shadowed by the use 
of ultrafiltered milk. 

Ultrafiltered milk offers a number of advantages (see page 288) which 
may be exploited in either conventional or non-conventional cheese 
making. The most common procedure involves preparing a precheese 
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of a composition approximating to that of the final cheese. This 
comprises ultraftltered milk together with starter, added either before 
or after ultrafiltration, and rennet. The degree of concentration of milk 
varies according to the variety of cheese, but four to fivefold is common. 
The lactose and mineral content may be reduced by diafiltration. 
Ultrafiltered milk is highly buffered and a higher level of addition of 
starter culture is required, but significantly less rennet is needed and 
clotting time decreases with increasing milk concentration. 

No cutting or draining of the curd is required for soft cheese such as 
Quarg and cottage cheese, but some degree of syneresis occurs with 
semi-hard varieties such as Edam. The limited extent of syneresis may, 
however, result in texture differences between conventional cheese and 
that made with ultraftltered milk. 

Curd for Cheddar and other hard cheese may be made using ultrafiltered 
milk although this application is limited by the poor ripening properties 
of the cheese. A system for the continuous manufacture of cheddar 
cheese, the APV Sirocurd™, has been developed and is illustrative of the 
use of ultrafiltered milk in continuous cheese making. In the Sirocurd™ 
system milk is pasteurized and concentrated fivefold, it being important 
to minimize shear damage at this stage. Approximately 1 0% of the 
retentate is set aside to prepare a starter culture for subsequent 
production, while the remainder of the retentate is blended with starter 
and rennet in a recirculating loop device that feeds the precheese 
sequentially into static coagulating cylinders. The precheese remains at 
rest until coagulation is complete and is then expeUed by incoming, 
uncoagulated precheese. The coagulum is then passed through a cutting 
grid into rotating drums where scalding and syneresis occurs. Move
ment is designed to simulate cheddaring. Approximately 8% of volume 
is expelled as whey during syneresis, the process being complete in 1 h. 
This permits only one generation of starter growth and a large inoculum 
is required. 

Heat treatment and acidification of milk has also been investigated for 
cheese making and improves the yield. Potential advantages are less than 
for ultrafiltration but capital investment in ftltration plant is avoided. 
Optimal conditions are a heat treatment at 90°C for 1 min and adjust-

• A commercial proces , the Centtiwhey ™ system has been developed. In this system 
prOteins are precipitated out of heated, acidified milk, concentrated by centrifugation and 
then added back to the process milk. 
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ment of the pH value to 6.2. Problems associated with bitterness may be 
overcome by reducing the rennet addition to 90% of conventional, but 
it is also necessary to extend the length of post-scald stirring from 60 to 
120 min to reduce the moisture content sufficiently. 

The manufacture of cheese from recombined milk, consisting of recon
stituted skim milk powder and anhydrous milk fat, is of interest in 
countries where insufficient fresh milk is available. Cheese of satisfac
tory quality may be made, although textural characteristics may change. 
Milk powder should be subjected to only minimum heat treatment 
before drying, or powder prepared from ultrafiltered milk should be 
used. 

7.2.8 Value-added cheese 

The addition of herbs, chopped nuts or seeds such as caraway to the 
curds of lightly flavoured soft cheeses is well established practice, while 
the sage-containing variant of Derby is a traditional hard variety. In 
recent years the range of additions made to cheese has increased 
enormously. This may be illustrated by cottage cheese which is com
bined not only with traditional additives such as chives but such 
materials as prawns, ham and pineapple and salmon and cucumber. 
Additional stabilizers as well as colouring are usually necessary to 
enhance acceptability. A wide range of fruit-flavoured soft cheese based 
on Quarg and Fromage frais is also available. 

The more strongly flavoured semi-hard and hard cheese varieties are, in 
general, less suitable for development of value-added variants. Cheddar 
and related cheeses may, however, be supplemented with various 
materials induding chopped walnuts and pickles. Savoury or sour 
flavours have generally been thought most suitable as a complement to 
hard cheese, but recently a range of Stilton cheese with sweet-flavoured 
additives such as ginger has been introduced. 

Cheese is a traditional accompaniment of alcoholic beverages and a 
natural extension of this association has been to combine the two in a 
single product. Both hard and soft types are involved and may be 
blended with a range of beverages induding beer, whisky, port wine ( or 
port wine colouring) and liqueurs. 

Value-added cheeses have also been developed by combining two, or 
more varieties into a single cheese. Manufacture involves grinding each 
component and moulding in layers to produce the 'new' cheese. A 
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similar principle is used in manufacture of cheese 'gateau' which has 
alternate layers of cheese and nuts or fruit. 

Smoking has been used as a means of preserving some varieties of 
cheese, including some types of Provolone, for many years. More 
recently smoking, usually employing liquid smoke extracts, has been 
adopted as a means of 'adding value' both to traditional varieties, such as 
Cheddar, and to new 'designer' varieties. The search for novelty 
continues and, during 1992, a Scottish cheese was introduced which 
was smoked using the wood of old sherry barrels, previously used to 
store maturing whisky. 

7.2.9 NutritionaUy modified cheese 

Although low-fat soft cheese varieties such as cottage cheese are an 
accepted part of a 'healthful' diet, there is a significant demand for hard 
cheeses of lower fat content. In the UK 'reduced fat' cheeses are legally 
defined as containing not more than 75% of the equivalent weight when 
no claim is made as to fat content, while 'low fat' contain not more than 
50% of the equivalent weight when no claim is made as to fat content. 
Similar legislation exists in many other countries. 

Attempts to make lower fat content hard cheeses using unmodified 
technology results in a final product of over-firm body which lacks the 
characteristic ripened flavour of the full fat equivalent and has bitter 
taste characteristics. Problems become greater as the fat content is 
reduced. The over-firm body results from changes in curd structure and 
texture may be improved by increasing the water content of the cheese 
within the limits imposed by legislation. This can be achieved by coarse 
cutting of the curd and lowering the temperature during scalding and 
stirring to 3"'C in the case of reduced-fat 'Cheddar-type' cheese and to 
35°C in the case oflow-fat. Stirring should be reduced to a minimum and 

BOX 7.4 To dream of cheese - toasted, mostly 

In recent years, hot-eating cheese snacks have become a major 
growth area, especially in continental Europe. Such products are 
technically simple, basically consisting of a Mozarella-type cheese 
enrobed with breadcrumbs. In some cases a more healthful image 
is imparted by using a 'cheese' made from skim milk and vegetable 
oil. 
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the whey drained off immediately. The texture of lower fat cheese is also 
improved by the incorporation of undenatured whey proteins and thus 
use of ultrafiltered milk is beneficial. Further improvement may be 
obtained by use of acidification and diafiltration to remove calcium and 
reduce lactose levels with resultant decrease in body firmness and 
production of a desirable pH value. 

Bitterness results primarily from a concentration of bitter peptides into 
the aqueous phase where sensory impact is greater. Peptide formation 
may be reduced by using starter cultures of low endopeptidase activity 
and restricting the quantity of rennet added and by ensuring a relatively 
high pH value in the curds at the draining and salting stages. Alterna
tively bitter peptides may be degraded by adding, at salting, L. lactis 
strains of high aminopeptidase activity or a debittering aminopeptidase 
preparation such as Accelase™. 

Failure of lower fat hard cheese to develop typical flavour results 
directly from the low level of fat-derived flavour compounds and 
indirectly from the change in the pattern of flavour release in the mouth. 
The problem may be partially overcome by addition of a selected 
secondary microflora, but this may result in atypical characteristics such 
as a 'Swiss cheese-flavour' in Cheddar cheese. Alternatively enzymes 
may be added to enhance natural ripening. 

At least some of the dietary objectives of low and reduced fat cheese 
may be met by substituting dairy fat with vegetable oils to produce a 
cheese of full fat content, but a high polyunsaturated : saturated fatty 
acid ratio. Several oils including soy and sunflower are suitable, but in 
most countries such 'ftIled' products cannot legally be called cheese. 

Concern over dietary cholesterol has led to the development of a 
number of 'cholesterol-free' dairy products. Cheese made with 
'cholesterol-free' milk suffers problems of soft curd and slow whey 
drainage, resulting in a low quality product of high moisture content and 
poor flavour and an alternative approach is to substitute buttermilk for 
part of the cheese milk. Buttermilk has been shown to lower cholesterol 

• Fat·replacers are finding widespread application in the dairy indUStry. Cheese spreads 
have been successfuUy made in which dairy fat bas been replaced with Stcllar™, a 
filt -replacer made from modified corn larch, and a 'Cheddar-type cheese' has been 
successfully made using implesse™. Simplesse, however, is made from whey proteinS, 
additIon of whJch is expressly forbidden in the UK. Cheese RegulatiOns and products 
containing this fal-replacer cannot be described as ·cheese'. 
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level in rats and to nullify the hypercholesteraemic effect associated 
with cheese consumption. A similar effect in humans is yet to be proven. 

Cottage cheese is an accepted part of a 'healthful' diet and it is not 
usually appreciated that the calcium content is low as a consequence of 
the solubility of Ca2+ ions in the low pH value whey. Calcium is of major 
importance in the prevention of osteoporosis and enrichment of 
low-calcium foods is considered to be a safer means of increasing 
calcium uptake than dietary supplements. Addition of calcium salts to 
cottage cheese leads to an unacceptable degree of bitterness, but this 
difficulty can be overcome by the co-addition of hydrocolloids such as 
guar gum. 

Attempts to produce a low-sodium cheese by simply reducing the 
quantity of NaCI added during manufacture have been unsuccessful and 
result in a cheese of poor body which is prone to microbiological 
spoilage during ripening. Equally attempts to replace NaCl with 'salt 
substitutes' such as KCI have met with, at best, limited success. Suitable 
low Na+ cheese has been made by blending a cheese base made from 
directly acidified milk (cf medium-chain-triacylglycerol cheese) with a 
ripened cheese of normal Na+ content. 

7.2.10 Processed cheese and cheese spread 

Processed cheese is usually made from a mixture of varieties of natural 
cheese, although a single variety may be used. The mix constituents are 
chosen to give the desired flavour and colour, and are then blended with 
emulsifying salts, usually di- or trisodium citrate, or tetrapotassium 
diphosphate and water. The mix is heated to 80-85°C for 5-8 min in a 
batch cooker, or extrusion cooked in an equivalent process. The cheese 
is then formed into portions or slices before packaging. 

Cheese spreads are manufactured using similar principles but the water 
content is higher and additional dairy ingredients such as whey or skim 
milk powder are present. Stabilizers such as tragacanth may be added to 

• [n recent years medium<hain-triacylglycerol fat has become of considerable impor· 
tance in the treatment of malabsorption syndromes including chyluria, steatorrhea, 
hyperprotolipidaemJa and Whipple's disease. Medium·chain·triacylglycerols may be 
incorporated into the diet but conventional means often result in feelin~ of dissatisfac
tion by the patient. Cheese is seen as a more satisfactory means of introducing 
medium·chain-triacylglycerols and a uitable product may be made by blending a 
flavoured cheese base, prepared by direct acidification with HCI and heating to 70°C, 
with conventional cheese and medium·chain-triacylglycerol oil. 
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prevent separation during storage. A higher level of heat treatment is 
necessary for cheese spread, a batch process of 88-98°C for 8-15 min, 
or an equivalent extrusion process, being normal. The spread is then 
filled directly into tubes or containers. 

Endospores survive the cooking process used for both processed cheese 
and cheese spread. Nisin or, less effectively, sorbic acid is added to 
control species of Clostridium including Cl botulinum. 

Both processed cheese and cheese spread have traditionally been 
combined with other foods such as chopped ham, pickles, etc. Some 
types are smoked after cooking. 

7.2.11 Cheese analogues 

Cheese analogues may be made from non-dairy, part-dairy or all-dairy 
ingredients (Table 7.8). With the exception of some non-dairy 'cheese', 
produced for vegans, cheese analogues are not usually considered to be 
consumer products, but are used in manufacturing. Cheese analogues 
are well established in the US, the major markets being for pizza 
toppings and school lunches. In most countries the labelling of cheese 
analogues requires a clear distinction to be made from cheese, the 
designation 'cheese product', being acceptable in the UK, for example. 

Most cheese analogues are made by a blending procedure, similar to that 
used for conventional processed cheese. Varying the ingredients and the 
process conditions permits the characteristics to be tailored for a 

Table 7.8 Typical ingredients of cheese analogues 

Non-dairy 
soya oil 
soya protein 
artificial flavour 

Part-dairy 
casein and/or caseinates 
soya oil 
enzyme-modified cheese and/or flavour 

All-dairy 
casein and/or caseinates 
butter oil 
enzyme-modified cheese 
cheese 

Note: All types contain NaCl, colour and stabilizer. 
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specific purpose. Pizza manufacture, for example, requires a cheese that 
shreds well, permits mechanical handling after shredding and has good 
melt properties, but flavour is unimportant. A typical process for a 
part-dairy cheese involves heating the soya oil to ca. 70°C, adding the 
stabilizer and blending in water to create an emulsion. The temperature 
is maintained at ca. 70°C and cheese, enzyme-modified cheese, salt and 
colour blended in. The pH value is then lowered by addition of acid, this 
stage being important in development of correct texture. The product is 
moulded while hot and cooled to Soc. 

An alternative process has been developed in the US for the manufacture 
of 'cheesebase', a generic name for a range of cheese products designed 
for ingredient use. Manufacture involves membrane filtration of milk 
and fermentation, using special starter strains, of the retentate. Acid 
coagulation is prevented by adjusting the ionic strength with NaCl. The 
fermented retentate is heated, the extent of the heat treatment deter
mining the melting properties of the final cheesebase. The moisture 
content is then reduced by evaporation, under vacuum, in a scraped
surface heat exchanger. The final moisture content varies according to 
end-use, but is usually 35-40%. 

Cheesebase is a very high viscosity paste and totally lacks the body and 
texture of conventional cheese. It is also very mild in flavour, although 
the addition of a ripening microflora after heating has been investigated. 
Theoretically cheesebase can be tailored to any specification and the 
ability to manufacture products of different melting point is a major 
advantage in the fast-foods market. Manufacture of cheesebase is also an 
efficient means of utilizing milk, yield being 16-18% higher than that of 
conventional cheese. 

7.2.12 End-product testing 

The importance of end-product testing varies according to the type of 
cheese. Chemical analysis for verification of composition is required, 
but in the case of ripened cheese this tends to be secondary to 
organoleptic assessment of quality. Formal grading schemes exist for 
varieties such as Cheddar, trained graders normally being used. Grading 
schemes based on compositional parameters have been devised, but 
success has been limited. 

It is not usual practice to carry out microbiological examinations of 
ripened cheese on a routine basis, although examinations are required 
where doubts concerning safety exist (see page 341). Routine microbio-
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logical analysis of the end-product is, however, employed with unrip
ened soft cheese to verify hygiene standards during manufacture and as 
a means of predicting a satisfactory storage life. 

Cheese varieties such as Mozzarella are primarily used in cooking and 
in-use tests must be applied to determine melting, stretching and 
browning properties. 

7.3 CHEMISTRY 

7.3.1 Nutritional status of cheese 

Cheese is recognized as being of dietary importance as a concentrated 
source of protein and, in many cases, of fat. Whey proteins are lost 
during cheese manufacture and the protein present in cheese is virtually 
entirely derived from casein. Despite this essential amino acids are 
usually present. 

The fat content of cheese varies according to the fat content of the 
cheese milk and the variety of cheese. Whole milk cheeses of high fat 
content, such as Cheddar and Stilton contain 45-50% fat, while Edam 
and similar cheeses contain ca. 40%. Such cheeses are valuable fat 
sources for persons requiring a high energy diet. In contrast skim-milk 
cheeses have a very low fat content and often form part of a calorie
controlled diet. In common with all full-fat dairy products, the choles
terol content of many types of cheese is high, cheddar cheese containing 
ca. 70 mg/lOO g. 

Cheese is also a good source of vitamins and minerals, although vitamin 
C is lost during manufacture. Under some dietary circumstances, cheese 
is of particular importance as a source of minerals, especially calcium, 
iron and phosphorous. 

With the exception of some very soft, unripened types, the lactose 
content of cheese is low and the product is suitable for consumption by 
lactase-deficient persons. 

7.3.2 Chemical changes during curd formation 

Conversion of milk from a fluid to a gel (coagulation) is a basic step 
common to all types of cheese. Gel formation is a consequence of 
protein destabilization and may be brought about either by acid 
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Enzyme 

Casein micelle Chymosin Sticky micelle 

Figure 7.4 Destabilization of casein micelles by 'cutting the hairs'. 

proteinases such as chymosin, the active component of rennet, quies
cent acidification to a pH value close to the isoelectric point of the 
proteins, or by a combination of acidification and heating. 

(a) Action of rennet and other milk clotting enzymes 

Rennet coagulation involves two distinct stages, a proteolytic stage in 
which the casein micelle is destabilized by hydrolysis of K-casein to 
yield para-K-casein micelles, and a secondary, calcium-mediated, stage in 
which paracasein micelles undergo limited aggregation. The secondary 
stage requires quiescent conditions and a temperature in excess of 20°C. 

Hydrolysis of K-casein primarily involves cleavage of the peptide bond, 
Phe lOs-Met 106, which is uniquely sensitive to hydrolysis by acid 
proteinases. This cleavage yields a para-K-casein, common to all caseins 
and a macropeptide unique to each K-casein component. 

Although it is accepted that most, if not all, coagulating enzymes 
hydrolyse K-casein at, or near, the Phe-Met peptide bond, it seems 
likely that there is some variation with respect to specificity and the 
extent of proteolysis which occurs during coagulation. Microbial 
proteases, especially those produced by M. miehei, are much less 
specific than chymosin and effect extensive non-specific hydrolysis of 
both K-casein and para-K-casein. This can adversely affect the quality 

• The term 'macropeptide' I preferred [0 the earlier term 'g1ycomacropeptide', because 
some macropeptid contain no carbohydrate. age of the term 'g1ycomacropeptide' 
per ist in some publications and can lead to contusion. 
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Table 7.9 Physico-chemical changes resulting from hydrolysis of K-casein 

1. Liberation of the highly charged, macropeptide C-terminal fraction of 
K -casein from the surface of the micelle 

2. Reduction in the charge at the micelle surface 
3. Decrease in micellar solvation, resulting from a decrease in intermicellar 

repulsion and casein-water interaction, and an increase in intermicellar 
attraction 

4. Increased sensitivity of the para-casein micelles to aggregation 

of the finished cheese and restrict the application of microbial 
proteases. 

A number of physico-chemical changes result directly from hydrolysis of 
K-casein (Table 7.9). The most significant of these in the short-term is 
the liberation of the C-terminal part of K-casein. This process, 'cutting 
the hairs' decreases the volume fraction and lowers stability, primarily 
through a reduction in steric repulsion (Figure 7.4). The paracasein 
micelles consequently show a concomitant mutual attraction. Viscosity 
of the milk falls to ca. 95% that of the starting milk, but then increases 
significantly even before any aggregation is visible, or present. 

Aggregation results from intermicellar cross-linking via calcium binding 
to serine-phosphate groups and commences when ca. 86% of total 
K-casein has been hydrolysed. Individual micelles, however, are only 
able to participate in aggregation when ca. 97% of their K-casein has 
been hydrolysed. This is probably due to residual intact K·casein 'hairs' 
providing sufficient repulsion to prevent permanent contact between 
adjacent micelles and/or overcoming the attractive van der Waals forces. 
Aggregation is, however, dependent on pH value and temperature and 
occurs at a lesser degree of K-casein hydrolysis at lower pH values and 
higher temperatures. 

A number of sophisticated methods have been used to study gel 
formation and indicate an ordered sequence of events which may be 
related to the visual rennet coagulation time (ReT, Table 7.10). 

• teriC stabUi.utlon Is often considered in terms of the 'average' situation involving all of 
the micellar urface. teric tabilizarion i essentially, however, a localized function. For 
this reason, it i preferable to envisage the micelle geometrically and (Q estimate the 
probabiliry, at any given level of proteOly i , that ufficient hole exist in the 'hair' to 
allow the inner urface of the micelles to touch (Dalglei h, D.G. 1988. Netherlands Milk 
O/Id Dairy Journal, 42, 341-3). 
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Table 7.10 Sequence of events during gel formation in renneted cheese 

% RCT 

60 
100 

200 
300 

Micelles fully dispersed and non-aggregated 
Gradual aggregation of paracasein micelles in aggre
gates of three or four 
Aggregates fuse to form strands 
Continuous three-dimensional network formed by 
overlapping and crossing of strands 

Note: % RCT = percentage of visual rennet coagulation time. 

(b) Formation of acid gels and combined acid/rennet gels 

The mechanism of formation of acid gels is similar to that of gel 
formation in fermented milks (Chapter 8, pages 375-7). The heat 
treatment applied to cheese milk is, however, often less severe than that 
applied to yoghurt and this has consequences with respect to gel 
structure, acid cheese gels being generally less rigid and more prone to 
syneresis than those of yoghurt. In comparison with rennet gels, acid 
gels are much less likely to exhibit syneresis since the viscous reaction 
to stress (part of visco-elastic behaviour) is less significant. This 
probably results from the relatively permanent structure formed in acid 
gels, in comparison with that of rennet gels which are more easily 
rearranged. 

Manufacture of some cheeses involves formation of a combined acid/ 
rennet gel. pH value is critical in determining the behaviour of such gels, 
at pH values below 5.15 the characteristics are largely those of an acid 
gel, while at pH values abOve 5.15 the characteristics are those of a 
rennet gel. The acid gel characteristics are, however, modified by the 
presence of rennet and continuing proteolytic activity (at temperatures 
above 15°C) means that the final gel stiffness is less. 

Combined acid/rennet gels are notable for the very strong microsyner
esis, which occurs at pH values above 5.15 but not below. This probably 
stems from differences in the casein particle structure and relaxation 
behaviour of the interparticle bonds. These differences are particularly 
marked at higher temperatures, probably due to a change in the relative 
contribution of of the different interaction products, rather than to a 
change in the nature of the bonds. 

7.3.3 Syneresis 

Considerable contraction of rennet gels occurs on cutting, leading to 
expulsion of water from the curd. It is well known that the rate of 
syneresis is controlled by a number of factors, including pH value and 
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cooking temperature, but the process itself remains poorly understood. 
Three possible mechanisms have, however, been proposed, changes in 
solubility, re-arrangement of the paracasein network and shrinkage. 

Changes in solubility have formed the basis of mechanisms explaining 
shrinkage in polymer gels. Rennet curd is primarily a particle gel and 
while small regions around flocculated micelles may exist as a polymer 
gel, this is unlikely to be of significance. Changes in solubility may, 
however, be of importance in acid-set curd. 

Re-arrangement of the network of paracasein particles provides a partial 
explanation of changes during syneresis of rennet curds. Re-arrange
ment involves the formation of a more compact network with an 
increased number of bonds. A more compact configuration is, however, 
difficult to obtain because of immobilization of paracasein into the 
network. Despite this an increase in the number of bonds could occur 
due to van der Waals and electrostatic attractive forces between 
flocculated micelles. There may also be limited cross-linking resulting 
from thermal motion of the gel strands. 

Each of the above mechanisms would increase tensile stresses on the gel 
strands, potentially leading to breakage and formation of new bonds. 
Breakage of strands could also result from external pressures, and it is 
likely that re-arrangement becomes of increasing importance as syner
esis proceeds. 

Shrinkage of paracasein particles and thus of the gel is not thought to be 
an important mechanism under normal circumstances. Significant 
shrinkage does, however, occur if the pH value is lowered, or the 
temperature raised. 

7.3.4 Changes during subsequent cheese making procedures 

Continuing acidification has a number of important functions in addition 
to increasing the rate of syneresis. The calcium content of cheese falls 
with reducing pH value as a consequence of the solubilization of 
colloidal calcium phosphate and its loss in the whey. The calcium 
content of the curd has a major effect on texture. Low-calcium curds 
such as those of Cheddar-type cheeses have a crumbly texture in 
contrast to the rubbery, elastic texture of high-calcium Emmental or 
Edam types. pH value also determines the quantity of chymosin, but not 
of fungal pepsins or rennins, retained by the curd. This, in tum, affects 
the rate of proteolysis during ripening and the final quality of the cheese. 
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Fat is considered to play no direct role in curd formation. Fat globules, 
however, become enmeshed in the curd network and modify properties 
throughout cheese making and in the final cheese. A number of 
mechanistic explanations have been proposed, it appearing that the fat 
globules act as 'buffers' to prevent the curd network becoming too rigid. 
Fat also plays an important role in modifying the salt flux through the 
curd following salting and consequently preventing excessive shrinkage 
of the cheese matrix. The flux occurs by diffusion and it appears that fat 
acts by physically blocking some of the pores through which the flux 
occurs. 

7.3.5 Chemical changes during cheese ripening 

(a) Role of methanethiol as key flavour compound in cheddar and 
related cheeses 

Ripened cheese contains a wide range of compounds which contribute, 
either positively or negatively, to flavour and aroma. Flavour com
pounds include peptides and amino acids, free fatty acids, methyl 
ketones and esters of fatty acids, sulphur-containing compounds such as 
methanethiol, hydrogen sulphide and dimethyl sulphide, acetaldehyde, 
diacetyl and alcohols including ethanol and methanol. In the past it has 
been common to define organoleptic characteristics in terms of a 
'component balance' theory and it is true that many of the compounds 
have limited, or no, flavour impact, but contribute background flavour 
notes. More recently, however, it has been appreciated that volatile 
sulphur compounds, especially methanethiol, appear to play a pivotal 
role in determining the flavour of Cheddar and Cheddar-type cheese and 
it has been possible to correlate the Cheddar character with the 
presence of this compound. The precise role of methanethiol remains 
undefined but it now seems likely that methanethiol does not contribute 
directly to flavour, but that reactions and interactions between meth
anethiol and other compounds results in formation of flavour com
pounds. 

The origin of methanethiol is obscure but it seems unlikely that, in 
Cheddar cheese, micro-organisms are directly involved. It has been 
postulated that methanethiol is produced by non-enzymic chemical 
reactions involving addition or substitution reactions between H2 S and 
casein or methionine. Starter micro-organisms are, however, involved to 
the extent of producing the reducing conditions which both favour the 
production of methanethiol and are necessary for its stability. 

In contrast to Cheddar, micro-organisms are involved in methanethiol 
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production in smear-ripened cheeses. Brevibacterium linens is an 
established producer of methanethiol which results from the break
down of the side chains of amino acids such as cysteine. It is probable 
that at least part of the methanethiol is converted to thioesters, by a 
process involving interaction between Br. linens and non-starter micro
organisms such as micrococci. 

(b) Proteolysis 

Proteolysis is a major factor in the ripening of cheese and affects both 
the flavour and texture of the end product. The relative importance of 
proteolysis to lipolysis and glycolysis varies with the type of cheese. 
Proteolysis is essential to the development of flavour and texture in 
Cheddar and related cheeses, is of equal importance to glycolysis in 
SWiss-type cheeses, but secondary to lipolysis in hard, Italian-type 
cheeses such as Romano. 

Proteolytic enzymes are derived from three sources, rennet or other 
coagulant, plasmin and both starter and non-starter micro-organisms. 
The main proteolytic pathway appears to involve primary degradation of 
paracasein by residual coagulants to yield polypeptides which are 
further degraded by bacterial proteinases and peptidases to pep tides and 
amino acids. Chymosin has only limited activity against paracasein, but 
this is significant over extended ripening periods. Other coagulating 
enzymes have much greater proteolytic activity, which can result in 
differences in the ripening pattern. 

Beta-casein is also degraded, hydrolysis involving the combined action 
of coagulating enzymes, bacterial enzymes and plasmin. This is thought 
to be the major role of plasmin, although this enzyme may also be 
involved in degradation of paracasein and continuing hydrolysis of 
polypeptides. The role of plasmin has, however, been the subject of 
some controversy. The activity of plasmin is highly pH-dependent and 
some workers consider that plasmin plays a Significant part in the 
ripening of high pH value cheeses such as Emmental and Gouda, but not 

• The usc of elevated levels of plasmin has been on idered as a means of accelerating the 
ripening of cheese. Plasmin has a number of advantages over other enzymes (el page 
306) in that it i fuUy incorporated into th chee e by binding onto casein micelles. 10i 
reduces 10 e in whey to a very low Ie cJ. Plasmin is, however, very e.xpensive and its 
u e at present would be uneconomical. It has been ugge ted that the OSl could be 
lowered Significantly by u e of genetically modified micro·organism (Farkye, N. and Fox, 
P.F. 1992.journalojDairyResearclJ, 59, 209-16). 
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in the low pH value Cheddar and similar types. Other studies, however, 
have suggested that plasmin has Significant activity in Cheddar-types. 

The immediate effect of proteolysis on the texture of hard and semi-hard 
cheese is a softening due to weakening of the casein network The effect 
is, however, strongly modified by pH value. In Edam cheese, for 
example, the high pH value permits proteins to exist in a matrix which 
softens with increasing proteolysis. Proteolysis also proceeds more 
rapidly in the centre of the cheese where the NaCI content is lowest. In 
contrast the low pH value Cheddar-type cheese becomes crumbly with 
increasing proteolysis as interstitial water is bound by ionic groups. 

The total extent of proteolysis is greater in soft, surface-ripened cheeses 
than in hard and semi-hard types and the situation with respect to 
textural changes is more complex. In mould-ripened types, Significant 
proteolysis does not occur until residual lactose is utilized by glycolysis, 
which also raises the pH value and stimulates plasmin activity. Proteoly
sis further raises the pH thus tending to soften the structure. Further 
softening at high pH values is caused by calcium phosphate precipitating 
on the surface of the cheese, a calcium gradient being established from 
the surface to the cheese centre. A similar sequence of events is 
probable in bacterial smear-ripened cheese. In either case, the direct 
contribution of surface micro-organisms to proteolysis in the body of 
the cheese is usually limited since the enzymes diffuse for only a short 
distance. Surface proteolysis is, however, involved in raising the pH 
value in the body of the cheese since hydrolysis products diffuse greater 
distances. The intracellular proteinases of P. roque/art;; are of greater 
significance than the extracellular, the contribution to overall proteoly
sis increasing markedly between weeks 10 and 16 of ripening as a 
consequence of release of enzymes due to mycelial lysis and/or leakage. 

Peptides have a number of possible taste qualities and have been placed 
in five categories; sour, sweet, salty, umami, bitter. The contribution 
made by peptides may be either pleasant, or unpleasant depending on 
the predominance of one or more types. In many cases peptides 
contribute to the overall taste spectrum, rather than acting as flavour 
impact compounds. Water-soluble peptide fractions, for example, have 
been associated with 'brothy' notes in the flavour of both Cheddar and 
Swiss cheese. 

Peptides are also associated with defects due to bitter flavours in cheese. 
Bitterness is generally considered to be caused by polypeptides with a 
high content of hydrophobic residues. An important route of bitter 
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peptide production involves the cell wall proteinases of Lactococcus. 
The situation is complicated by the fact that there is a very wide 
variation in the quantities of bitter peptides produced by different 
strains of Lactococcus, and that both chymosin and plasmin have been 
implicated in bitter peptide production. Variability between studies of 
the problem suggests that other factors may be involved. 

Bitter peptides are present in many cheeses, but become of significance 
only at a total concentration above threshold levels. In many circum
stances, bitter peptide formation is readily recognized as a fault, but 
bitter, and the related astringent, flavours may also be considered to 
make a positive contribution to the organoleptic quality of cheese when 
present at low levels. 

Amino acids are also important in determining cheese flavour and 
proline is a flavour impact compound in Swiss cheese. Propionibacte
rium is the major source of proline-releasing peptidases, other flavour 
compounds characteristic of Swiss cheese being produced by Lb. 
helveticus and probably by other starter lactobacilli. It is probable that 
patterns of amino acids have a particular association with specific 
cheese varieties, the dominant amino acids in the Greek Kopanisti 
cheese, for example, being alanine, y-aminobutyric acid, leucine and 
valine. 

Amino acids are themselves further metabolized by micro-organisms 
during ripening of cheese. The amino acid catabolic activity of Br. 
linens, for example, is responsible for the production of important 
flavour compounds in Limburger cheese. These include 3-methyl-l
butanol, phenylethanol and 3-methylthiopropanol derived from leucine, 
phenylalanine and methionine respectively. Extensive amino acid break
down also occurs in mould ripened cheese, products being volatile 
compounds such as ammonia, aldehydes, acids and amines. 

( c) Lipolysis 

In most types of cheese lipolysis plays a secondary, although not 
necessarily insignificant, role. For obvious reasons the relative impor
tance of lipolysis is determined primarily by fat content and the extent 

• The dominant free fatty acid of Romano cheese refiecr the pede of milk used in its 
manufacture. wee!, fruity notes are provided in cow ' milk Romano by 2-methylbutanoic 
acid and 2·ethylbutanoic acid, while ·ethyloctanoic acid provide a 'goaty' character in 
Romano cheese made from a mixture of cow' and goats' milk. The ' heepy' character of 
ewe' milk Romano result from a combination of 4-methyloctanoic add and 
4·ethyloctanoic acid with cresol and 3,4 dimethylphenol (Ha, }.K. and Lindsay, R.c. 
1991.Journal Of FoOd Science, 56, 124 1-8). 
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to which lipolysis is encouraged during manufacture and ripening. The 
use of rennet preparations with a high level of lipase activity, microbial 
lipases, or pregastric enzymes during the making of Italian cheese, such 
as Romano, results in high levels of free fatty acids, which dominate the 
flavour spectrum. 

In the soft Greek cheese Kopanisti, the total free fatty acid content can 
be as high as 50 g/kg, most of which comprises short chain acids (C4 to 
Cs ). Oxidation of free fatty acids leads to formation of further flavour 
compounds, methyl ketones. Although lipolysis is not a dominant 
reaction during maturation of surface mould-ripened cheese, P. roque
fortii has strong lipolytic activity and produces fatty acids, methyl 
ketones, the most important of which is 2-nonanone, and other flavour 
compounds. 

Free fatty acids have been associated with flavour defects in some types 
of cheese, including 'cowy' taints in low quality Cheddar. The fungal 
note in the aroma of Camembert and Brie is provided by oct-l-en-3-01, 
while phenylethanol is important in all surface mould-ripened cheeses. 

(d) Glycolysis and related reactions 

Metabolism of residual lactose results in a number of changes in 
ripening cheese including the racemization of L-Iactate to D-Iactate (see 
page 339). Metabolism of lactate to CO2 and H20 by surface moulds of 
cheeses such as Brie and Camembert is Significant in raising the pH 
value and stimulating both proteolysis (see page 328) and growth of Br. 
linens. 

In Swiss cheese metabolism of L-Iactate to propionate, acetate and CO2 

by Propionibacterium is important in eye formation and in production 
of the characteristic flavour. Metabolism involves an initial oxidation of 
lactate to pyruvate, part of which is further oxidized to acetyl-CoA and 
CO2 , Acetyl-CoA is converted to acetate, the reaction yielding adenos
ine triphosphate. Formation of propionate involves a reductive random
izing pathway, which balances the oxidative formation of acetate and 
CO2 , 

• The primary natural habitat of Propionibacterium i the rumen of cattle and other 
ruminants, where lactate i available as a result of the metabolism of other micro' 
organi IUS, and the skin of humans and other animal . Depending on species, Propioni. 
bacterium i anaerobic, or micro·aerophilic, but ontains both cytochromes and catalase, 
which are feature normally associ.ated with aerobic life. 
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In Cheddar and Dutch cheeses, lactate may be metabolized to acetate by 
the non-starter organism Pediococcus. High levels of acetate are consid
ered beneficial in Dutch cheese, but to be a fault in Cheddar. 

7.3.6 Chemical analysis of cheese 

Chemical analysis is required during cheese manufacture. Composition 
of the cheese milk is standardized on the basis of crude protein:fat ratio 
or casein:fat ratio. In the past, the protein content was often determined 
by the Kjeldahl technique, but this has largely been replaced for routine 
analysis by dye binding methods or near-infrared spectroscopy. Casein 
determination requires a modified acidity titration, the Walker formol 
casein test being used on a routine basis in Australia and New Zealand. 

Older techniques such as the Gerber and Babcock methods are still in 
use for determination of the fat content of cheese milk, but in large 
operations have been replaced by instrumental methods such as the 
Milko-tester and near-infrared spectroscopy. 

Process control in cheese making is heavily dependent on the develop
ment of acidity. This is often expressed as percentage lactic acid, 
although other acids are involved. For many years acidity was deter
mined by titration and there is still debate over the relative merits of 
titratable acidity and pH value. The use of pH value as control parameter 
has the advantage that it is possible to follow the process from the 
cheese milk to the pressed cheese. pH value is also more convenient to 
determine, but adoption was delayed by the unreliability of early 
instrumentation. These problems have been overcome for several years, 
although it is necessary to be aware of sources of error such as poisoning 
of the surface of the electrode and variations in temperature. The high 
buffering capacity of milk can also cause problems in interpretation of 
results. 

Fat and protein content of the finished cheese can be determined by NIR 
spectroscopy, although definitive methods such as the Rose-Gottlieb 
method for fat and the Kjeldahl method for protein must be used on 
some occasions. Lactose content may also be determined by near
infrared spectroscopy and moisture by near-infrared spectroscopy or 
drying. Total solids content is determined gravimetrically and NaCI by 
silver nitrate titration, or by use of an ion-selective electrode. 
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7.4 MICROBIOLOGY 

7.4.1 Cheese as an environment for growth of micro-organisms 

(aj Hard and semi-hard varieties 

Hard and semi-hard cheese varieties place a selective pressure on 
micro-organisms as a consequence of low pH value and high lactic acid 
concentration, a high, but variable, NaCl content in the aqueous phase 
and a low redox potential. The aw in the body of the cheese varies from 
ca. 0.97 to 0.94 in high moisture cheese such as Gouda, to 0.9, or below, 
in very fully aged cheddar cheese. Aged cheese of some very hard 
varieties may have an aw below 0.85 and can be considered to be an 
intermediate moisture food. 

Despite intrinsic selective factors, cheese does permit the growth of a 
relatively wide range of micro-organisms. In general, Gram-negative 
bacteria are most affected, conditions favouring the growth of Gram
positive species of bacteria, yeasts and moulds. 

(b j Soft varieties 

Cheese such as cottage cheese, which are of relatively high pH value and 
high moisture content support growth of a wide range of micro
organisms. Conditions are, however, sufficiently inhibitory to delay 
initiation of growth during the early stages of storage. 

Soft, unripened, high acid varieties are inhibitory to most bacteria and 
resemble fermented milks in selecting for yeasts and moulds. The 
situation is similar in young surface-ripened soft cheese, but the 
elevation of the pH value during ripening much reduces environmental 
stresses and permits growth of a wide range of bacteria. In some 
varieties, however, the NaCI content is sufficiently high to inhibit 
growth of Gram-negative bacteria. 

7.4.2 Cheese and foodborne disease 

Although cheese is generally considered to be a low-risk food, both hard 
and soft types have been associated with significant outbreaks of 
foodborne disease in recent years. The situation is complicated by the 
ability of some pathogenic micro-organisms, induding Listeria monocy
togenes and some types of Escherichia coli to grow in some soft, but not 
semi-hard or hard, varieties. In all cases, however, the use of unpasteur-
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ized milk, insufficient growth of starter micro-organisms and post
pasteurization contamination are major risk factors. 

(a) Hard and semi-bard varieties 

Hard and semi-hard varieties of cheese have been implicated in a 
number of outbreaks of Salmonella food poisoning. In most cases the 
source of the organism has been unpasteurized milk, Salmonella being 
able to survive manufacturing operations and even being capable of 
limited multiplication in the curd of low-acid (pH > 4.95) cheese. The 
organism dies during maturation and a period of 60 days at not less than 
4.4°C was previously thought to ensure the safety of raw milk cheese by 
eliminating Salmonella. Many strains of Salmonella, however, acquire 
enhanced resistance to low pH value conditions by the process of acid 
adaptation and small numbers persist for periods significantly longer 
than 60 days. 

Although raw milk cheese is most commonly associated with Salmo
nella food poisoning, a very large outbreak in Canada, which affected an 
estimated 10 000 persons was caused by pasteurized milk cheese. In this 
case pasteurization was inadequately controlled and permitted the 
survival of the causative serovar S. typbimurium phage type 10. 

Listeria monocytogenes infection has not been associated with con
sumption of hard or semi-hard cheese but, in some cases, the organism is 
able to survive cheese making and persist in the final product for a 
considerable length of time. It seems likely that relatively minor 
differences in cheesemaking practices can have significant effects on the 
survival of L. monocytogenes in a given variety. 

Hard and semi-hard cheese has been responsible for a number of 
outbreaks of staphylococcal enterointoxication. The organism may be 
derived either from human sources or from milk induding that drawn 
from the apparently uninfected quarters of a mastitic udder. The 
underlying cause is starter failure leading to slow acidification, under 

• Acid adaptation promotes the persistence of Saimmlella in foods and i probably an 
important urvival mechani m in the environment. Adaptation I triggered by external pH 
values of 55-6.0 and maintains the intracellular pH value above 5.0-55. Acid adapted 
cell have increased resistance to organic acid in fermented dairy products and urvive 
better during fermentation and ripening. Increased survival in cheese may also be 
partially mediated by other adaptive responses including those induced by heat, 
Starvation and osmotic stress (Leger, G.). and Johnson, E.A. 1992. Applied and Environ· 
mental Microbiology, 58, 2075-80). 



334 Cheese 

which conditions Staph. aureus can grow and elaborate enterotoxins. 
Growth and enterotoxin production may continue in the curd and is 
favoured by high temperatures and high levels of NaCl. The organism is 
usually killed during ripening but the enterotoxin persists. 

Reported outbreaks of staphylococcal enterointoxication have involved 
only Cheddar-type and Swiss-type cheeses, but a wider range of cheese 
including Stilton and Lancashire varieties have been implicated in 
outbreaks that were not officially investigated. The importance of 
ensuring that fermentation proceeds correctly is recognized by experi
enced cheese makers and problems due to Staph. aureus are now less 
common. Problems do, however, occur in small-scale production 
especially where starter cultures are not used. Such processes are 
considered inherently unsatisfactory. 

(b) Soft cheese 

In common with harder varieties, soft cheese has been implicated in 
outbreaks of Salmonella food poisoning. Contamination of the curds, or 
of the finished cheese, appears to be a Significant risk where cheese is 
made on a farmhouse scale under relatively primitive conditions. An 
outbreak of salmonellosis involving the Swiss Vacherin Mont d'Or 
variety was attributed to contamination of partly or fully ripened cheese 
by piglets housed adjacent to the cheese factory. Soft cheese has also 
been implicated as a cause of staphylococcal enterointoxication, 
although accounts of outbreaks are largely anecdotal and lack a full 
epidemiological investigation. 

Diarrhoeagenic Escherichia coli has been responsible for food poison
ing in Brie and similar varieties of soft cheese. Enteropathogenic E coli 
was responsible for a large number of outbreaks in the early 1970s 
associated with French cheese imported into the US. The organism is 
able to grow in the cheese during ripening and poor temperature 
control together with poor hygiene were underlying factors. Brie was 
also the vehicle of infection in an outbreak of food poisoning caused by 
enterotoxigenic E coli in Holland. Enteroinvasive E coli has also been 
responsible for cheeseborne food poisoning, a single outbreak affecting 
more than 380 persons. The source of the organism was inadequately 
treated river water used for cleaning plant. 

Escherichia coli is not uncommon in soft cheeses and may be present in 
large numbers. Strains present are generally considered non-pathogenic, 
although enterotoxigenic E coli has been isolated during surveys. The 
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significance of E coli in soft cheese is uncertain, although recognized 
diarrhoeagenic strains should be absent. The ability to grow in the 
ripening cheese does, however, mean that E coli has no function as an 
index organism in cheese of this type. 

Listeria monocytogenes is also able to grow in Brie and similar types of 
cheese during ripening, although the organism appears to be restricted 
to the outer crust. The first known outbreak, which affected 86 known 
persons after consumption of Jalisco brand Mexican-style cheese in the 
western US, led to soft cheese being placed under strict surveillance. 
Listeria monocytogenes was isolated from a number of types including 
Brie, where the resulting product withdrawal, during 1986, affected 
almost 60% of imports into the US. A number of cases of listeriosis have 
been associated with soft cheese and while most of these have been 
isolated, an outbreak involving Vacherin Mont d'Or affected more than 
50 persons. 

The use of unpasteurized milk in cheese making is of greatest general 
concern with respect to listeriosis. Problems have not, however, been 
restricted to raw milk cheese but, despite concern over the heat 
resistance of L. monocytogenes, recontamination appears to be of 
greatest concern. Investigation of the Jalisco cheese outbreak suggested 
strongly that the finished cheese was contaminated by raw milk. 

Dairy products have only rarely been implicated in botulism, cheese 
being the only dairy product in which growth of Cl botulinum has led 
to illness (cf yoghurt, Chapter 8, page 381). A single outbreak of type B 
botulism, affecting more than 80 people in France and Switzerland, 
followed consumption of Brie which had been stored at a high 
temperature for an excessive period of time. Processed cheese spread 
has also been a vehicle of botulism, the most recent outbreak involving 
Cl botulinum type A in Argentina during 1974. At least six persons 
were affected with three deaths. The spread was of relatively high pH 

BOX 7.5 Folsom prison blues 

The US judiciary takes a rigorous approach to persons whose 
actions, or inactions, have been a Significant underlying cause in an 
outbreak of food poisoning. The vice-president of the company 
producingJalisco brand cheese was imprisoned for 60 days with a 
further two years' probation and fined 59300. 
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value and aw level and had been subject to temperature abuse during 
storage. 

7.4.3 Production of biogenic amines in cheese 

The biogenic amines histamine and tyramine can be present in mature 
cheese as a result of decarboxylation of the amino acids histidine and 
tyrosine respectively. In sensitive persons biogenic amines can cause a 
critical increase in blood pressure together with headaches, flushing and 
sometimes rashes. Gastrointestinal disturbances may also occur and in a 
large outbreak involving Stilton cheese, predominant symptoms were 
sudden onset vomiting, abdominal pain and, in some cases, diarrhoea. 

The non-starter organism Lb. buchneri appears to play a major role in 
decarboxylation of histidine. Histamine is also produced, albeit in 
relatively small quantities, by strains of Lb. fermentum, Lb. helveticus, L. 
lactis and Enterococcus faecium isolated from Swiss cheese. Lactoba
cillus helveticus and L. lactis are of particular significance due to their 
role as starter organisms. The incidence of histidine decarboxylating 
strains is, however, relatively low and even where present, significant 
quantities of histamine are produced only under certain conditions. 
These include high temperature and low NaCI concentration. Cheese 
usually contains only low levels of free histidine and proteolysis appears 
to be the initial step in histamine formation. For this reason problems of 
histamine toxicity occur most commonly with varieties of cheese such 
as Stilton and Swiss-types which undergo extensive proteolysis during 
ripening. 

In practice it is not possible to exclude histidine decarboxylating 

• Streptococcus zooepidemicus, a ~.haemolytiC speCies of Lancdield group C, has 
previou Iy been rare in man. In recent years, however, the organism has been the cause of 
a small number of outbreaks of severe disease associated with consumption of raw milk 
( ee Chapter 2, page 44) and raw milk cheese. Persons with an underlying predispo ing 
condition are usually affected and symptom include epticaemia, endocarditis and 
meningitis. The death rate may be high. 

Queso blanco cheese made from raw milk was responsible for 16 known cases of Str. 
zooepidemicus infection and two deaths in an outbreak in New Mexico, USA and has also 
been a vehicle for brucellosis. The cheese was made on a small scale with no effective 
process control and under very poor hygienic conditions for sale amongst Mexican 
immigrantS. The outbreak illustrate the need for registration and inspection of all food 
producers, irrespectjve of the ize of the operation. In practice, however, this can be very 
difficult especially in such situations where local entrepreneurs e tabli h 'back yard' 
operations to meet the demand within immigrant communities for particular foodstuffs 
which are not readily available at a low price. 
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bacteria from cheese, but ripening at temperatures below 7°C appears to 
be the most effective means of control. Relatively simple methods for 
assay of histamine are available and methods have also been developed 
for the detection of histidine decarboxylating bacteria. These may be 
used in the investigation of possible cases of illness associated with 
biogenic amines, or for verification of the status of suspect batches of 
cheese. 

7.4.4 Spoilage of cheese 

(aJ Hard and semi-hard varieties 

Spoilage of hard and semi-hard varieties of cheese is of two main types, 
surface growth of micro-organisms, usually moulds, and gas production 
due to the growth of micro-organisms in the body of the cheese. 

Mould growth produces highly visible spoilage which, in severe cases, is 
accompanied by extensive proteolysis and lipolysis. Penicillium is 
responsible for spoilage in 6~0% of cases, Aspergillus also being a 
common contaminant. Mould spoilage can be a major particular prob
lem with prepackaged cheese and rigorous precautions are required at 
packing plants. These include sterile filtration of air, ultraviolet disinfec
tion of handling surfaces and, where permitted, anti-mycotic coating of 
packaging material. The incidence of mould spoilage has been much 
reduced by widespread use of vacuum and modified atmosphere 
packaging. Incipient growth present at the time of packaging may still, 

BOX 7.6 Dead man's finger 

Retro-thinkers, who campaign vociferously for a return to tradi
tional cheese making and 'real' cheese, would do well to consider 
the serious quality and spoilage problems which affected the 
cheese industry during the 'golden years' of farmhouse production. 
A particular defect of Cheddar cheese in Somerset during the 
1930s was colloquially (and aptly) known as dead man's finger due 
to the appalling stench of affected cheese, which even cattle 
refused to eat. There can be no doubt that dead man's fmger and 
other, less spectacular, spoilage resulted from poor technological 
control of cheesemaking, poor hygiene and storage under inad
equate conditions. (Davis, J.G. 1983.Journal of Applied Bacteriol
ogy, 55, 1-12). 
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however, develop sufficiently to cause visible spoilage and leaking packs 
is a continuing problem. Gamma-ray irradiation has been proposed as a 
means of control. 

Thread mould is a sporadic problem caused by growth of mould, 
possibly in association with yeasts, in folds and wrinkles of plastic film 
packaging. The fault results in black, dark brown or green spots, or 
threads and is associated with formation of free whey released from the 
cheese when vacuum packed. The incidence is related to manufacturing 
technology and is most common in cheese made in a tower block
making system. Relatively few moulds are capable of thread spoilage, but 
these are widespread in factory environments. Species of Cladosporium 
and Penicillium are most common, but Phoma may also be involved. 
Species of Candida are the most common yeast. 

The high incidence of mould spoilage of cheese has led to concern over 
the possibility of mycotoxin production. Surveys have produced differ
ing results, but it seems probable that ca. 20% of common spoilage 
moulds (Penicillium and Aspergillus) produce potentially toxic 
metabolites. 

Yeasts and bacteria can also develop on the surface of hard cheese 
especially where the surface is moist. Spoilage involves production of 
slimes, discoloration and 'rots' due to proteolysis. There may also be 
accompanying off-flavours. In some varieties of cheese, such as white 
Stilton, the role of yeasts as spoilage organisms is equivocal since yeasts 
are almost invariably present and may be considered to contribute 
desirable flavours. Surface discoloration is usually due to pigmented 
micro-organisms such as Aureobacterium liquejaciens, Br. linens or, 
less commonly, carotenoid producing strains of Lb. brevis. A particular 
type of pink discoloration affecting the nitrate-containing Gouda cheese, 
however, has been attributed to reduction of nitrate to nitrite by 
bacteria, predominantly Micrococcus, derived from storage shelving. At 
pH values between 5.2 and 6.7 nitrite reacts with the annatto dye in the 
coating of the cheese to produce a pink compound. 

Spoilage of hard cheese by internal gas production occurs either in the 
curds or young cheese ('early blowing'), or during maturation (,late 
blowing'). Members of the Enterobacteriaceae are common causes of 
early blowing and in extreme cases gas production takes place during 
fermentation, but other micro-organisms have been implicated includ
ing yeasts and species of Bacillus. Improvements to hygiene and 
production control have much reduced the incidence of early blowing, 



Microbiology 339 

although members of the Enterobacteriaceae may be present in suffi
cient numbers, in the absence of visible gas formation, to impart a faecal 
taint. 

Late blowing is due to gas production by species of clostridia capable of 
fermenting lactate to butryic and acetic acids, hydrogen and carbon 
dioxide. Late blowing is a major problem with varieties such as 
Emmental, Gouda and Edam, but can be a fault in other varieties such as 
Cheddar. Clostridium butyricum is most commonly implicated, but 
other species including Ct. tyrobutyricum and Ct. sporogenes are also 
involved, especially at higher pH values. Endospores are present in the 
cheese milk and only very low levels are necessary to cause major 
spoilage problems. The ultimate source is the feed, especially poor 
quality silage and brewers' grains, and the problem is consequently 
greater during winter feeding. 

In addition to well defined spoilage patterns a number of micro
organisms have been involved in producing taints in cheese. It should be 
appreciated that in some cases incidents were isolated, but have been 
widely discussed due to their unusual nature, or technological signifi
cance. Candida, for example, has been implicated in spoilage of cheddar 
cheese due to production of high levels of ethanol, ethyl acetate and 
ethyl butyrate, which imparted a 'fermented yeasty' flavour. Spoilage 
appeared within six months, the cheese being of high moisture and low 
NaCl content. Kluyveromyces marxianus has also been implicated in 
the 'gassy' spoilage of Parmesan cheese. 

Non-starter lactic acid bacteria have been associated with a number of 
taints and also produce visual and textural defects due to precipitation 
of calcium lactate crystals. Strains of Lactobacillus, Leuconostoc and 
Pediococcus capable of racemization of L-( + ) lactic acid to D-( -) lactic 
acid are responsible for the defect. Dead cells of starter bacteria may 
serve as nuclei for crystal growth, which is also markedly faster at high 
temperatures. Formation of calcium lactate crystals is thus particularly 
associated with the use of high temperatures to accelerate ripening. 
Crystal formation is, however, much reduced by vacuum packing. 

The role of starter micro-organisms in producing bitter pep tides is well 

• Although E. coil is associated with Caecal taints at numbers in exce of 106 cfulg, itS 
presence at lower number (ca. 105 cfulg rc ults in a dj tinctive . harp' na our. '11i 
flavour is con idered highly desirabl by orne consumers who. mi takenly, identify the 
harpness with maturity. 
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known, but continuing metabolism of starters persisting into ripening 
can result in other flavour defects. Some strains of L lactis ssp. lactis are 
capable of forming 'fruity' flavoured esters such as ethyl butyrate and 
ethyl hexanoate via reactions between ethanol and butyric or hexanoic 
acid. Conversion of amino acids such as leucine to the corresponding 
aldehyde 3-methylbutanol by transaminase and decarboxylase enzymes 
of L lactis ssp. lactis can lead to formation of 'malty' flavours. 

(b) Soft varieties 

High acid cheeses are normally spoilt by yeasts and moulds, but 
bacterial spoilage is important in higher pH varieties such as cottage 
cheese. Gram-negative bacteria including Pseudomonas jluorescens, Ps. 
putida and Enterobacter agglomerans, derived from wash water or 
added ingredients, are most common, although species of Enterococcus 
may also be involved in spoilage. Pseudomonas may be controlled by 
acidification to pH 4.5, but Ent. agglomerans is able to grow at pH 
values as low as 3.8. A wide range of yeasts have been implicated in 
spoilage of cottage cheese and other unripened types such as quarg. 
Yeast populations as high as 106_107 per gram are not uncommon in 
soft cheese during refrigerated storage. Species of Candida, Cryptococ
cus, Kluyvera, Pichia, Sporobolomyces and Torulopsis have all been 
implicated in spoilage, usual spoilage patterns involving flavour and 
aroma defects, gassiness and growth of visible colonies. 

Perceived spoilage in surface ripened soft cheese is often a consequence 
of ripening having proceeded to a greater extent than acceptable to the 
individual. On some occasions, however, the normal ripening flora may 
be overgrown by undesirable micro-organisms. These are usually 
moulds, but bacteria are occasionally involved. Yeasts are normally 
thought to contribute to ripening, but may also be involved in occa
sional spoilage. 

7.4.5 Microbiological examination of starter cultures 

Unless direct-in-vat cultures are used, some degree of microbiological 
control is required. Where starters are propagated from commercially 
supplied mother cultures, this may be restricted to simple activity tests, 

• Mould ripened soft cheese sometimes has a very light. but distinctive flavour of 
celluloid This fault re uJts from the synthesis of vinyl benzene (styrene) by P. 
camembertit. Synthesis occurs onJy when sub trate cx.hau tion leads to the mould 
entering the starvation state during ripening. Inadequate temperature control and 
removal of lacto e and lactate by excessive washing of the curd are underlying 
technological factors (Spinnler. H.E. et al. 1992.Journal Of Datry Research. 59, 533-41). 
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but where starter production is undertaken entirely within the factory, 
more extensive testing is required including determination of the 
presence of phage. 

Starter activity is usually determined by a simple acidification test. The 
most common method is to monitor the pH value of milk: inoculated 
with the starter during incubation at an appropriate temperature. This 
does not correlate directly with either cell numbers or lactic acid 
production but gives a good indication of activity during chees(' .. laking. 

Determination of the presence of phage is an essential part of some 
culture management systems (see page 290). Several methods exist and 
it is advisable that at least two methods should be used in parallel to 
increase the likelihood of phage detection. Two basic methods exist, the 
plaque assay and the inhibition of acid production, but the plaque assay 
is not suitable for use with mixed strain starters. 

In the continuing battle with bacteriophage, it is easy to forget that 
starter cultures are subject to contamination with other micro
organisms. It is usually possible to detect contaminants by simple tests 
including direct microscopic examination and by streaking onto non
selective media. Both carbohydrate-containing and non-carbohydrate
containing media should be used and examination of colonies should be 
accompanied by microscopic examination and determination of simple 
biochemical properties such as catalase-activity. Indications of the 
presence of contaminants may also be obtained by examination of broth 
cultures. Such indications include excessive gas production, pellicle or 
sediment formation and unusual odours. 

7.4.6 Microbiological examination of cheese 

In hard cheese Staph. aureus is considered to be the organism of 
primary concern and, while the product has been associated with 
salmonellosis, routine examination for this organism is not considered 
worthwhile. Standard cultural methods using Baird-Parker selective 
medium are satisfactory, but it must be recognized that enterotoxin may 
be present in the absence of recoverable cells. Although the develop
ment of kit systems has Simplified enterotoxin detection, extraction 
from foods remains difficult, especially in high fat and high protein foods 
such as cheese, and enterotoxin assays cannot be undertaken on a 
routine basis. As an alternative the use of the thermonuclease (lNase) 
test, which indicates the likely presence of enterotoxin is widely 
recommended. Different methods for the lNase test vary considerably 
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in sensitivity. The commercial 'Staphynuclease(C), kit, which is based on 
an antibody inhibition assay is, however, generally suitable. Cheeses 
which test positive for lNase should be assayed for enterotoxin. 

Staphylococcus aureus is considered to be a lesser problem in soft 
cheese and it is not usual practice to test for the organism. It is advised, 
however, that each type should be reviewed individually and testing 
applied if evidence suggests a significant risk. 

Until the recognition of L. monocytogenes as a foodborne pathogen, 
diarrhoeagenic strains of E coli were considered to present the greatest 
risk in soft cheese. Under normal circumstances, however, routine 
examination for the organism is not justified, but methodology should 
be available for use if necessary. Isolation of diarrhoeagenic E. coli is 
complicated by the atypical phenotype expressed by many strains, 
including failure to ferment lactose at 37°C. Method., have been 
developed, the most satisfactory for use in safety assurance being a 
membrane technique involving resuscitation on minerals modified 
glutamate agar for 4 h at 3 rc followed by transfer to selective tryptone 
bile agar for 20 h at 44°C. This method will recover both diarrhoeagenic 
and non-diarrhoeagenic strains, although it is necessary to be aware of 
the possibility that cheese, like other dairy products, may contain strains 
of E coli unable to grow at 44°C or to produce indole. Methods for 
detection of enterotoxigenic E coli using DNA hybridization techniques 
and the polymerase chain reaction have been developed, but are not 
currently suitable for use in quality control laboratories. If required, 
toxins produced by enterotoxigenic strains may be detected using 
commercial kits. 

The association of soft cheese with L. monocytogenes requires that 
methods for detecting this organism should be available. Some manufac
turers, especially those supplying multiple retailers, examine for L. 
monocytogenes on a routine basis. The value of this is dubious and it is 
regrettable that, in some cases, end-product testing for the L. monocyto
genes has diverted attention from control of the organism at manufactur
ing level. A very large number of media and methods have been 
developed for L. monocytogenes in recent years, but Oxford agar 
incubated at 30°C for up to 48 h is recommended as selective medium. 
Enrichment in FDA broth at 30°C for 24 h is most suitable for dairy 
products. Alternatively use may be made of commercially available rapid 
detection kits based either on ELISA or DNA hybridization. 

Routine examination of hard cheese, or surface-ripened soft cheese for 
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spoilage micro-organisms is not usually considered necessary. Microbio
logical analyses are, however, required on unripened types of soft 
cheese. Similar criteria and methods to fermented milks are employed 
(see page 384), although counts for Pseudomonas using CFC medium 
are sometimes induded when examining cottage cheese. In many cases 
spoilage micro-organisms are present only in very small numbers 
immediately after manufacture and the predictive value of microbiologi
cal analysis at this time is often low. 



344 Cheese 

EXERCISE 7.1. 

You have been engaged as a cheesemaker by a small company 
manufacturing Cheddar cheese by traditional methods. For many 
years the product has been of consistently high quality command
ing a significant premium price. Since the death of your 88 year 
old predecessor, however, the quality of the cheese has been 
highly variable, the texture varying from 'rubbery' to 'exception
ally crumbly'. On joining the company you find that your prede
cessor kept few records and relied entirely on empirical methods 
of process control. Development of acidity, for example, was 
monitored by placing a hand in the cheese vat and judging the 
'feel'. Consider the possible underlying causes of quality inconsis
tency and draw up an outline plan of investigation of your specific 
problem. Design a quality assurance programme stipulating con
trol and monitoring procedures for each critical stage in the 
Cheddar manufacturing process. 

EXERCISE 7.2. 

Define the ideal characteristics of an accelerated cheese ripening 
system, including technical, commercial and consumer 
acceptability/safety in your considerations. To what extent is it 
likely to be possible to incorporate all of the ideal 'characteristics 
in a single system? Discuss the potential future role of genetic 
modillcation in the development of accelerated cheese ripening 
systems. 

EXERCISE 7.3. 

Heat treatment of milk for acid-set cheese varies from no treat
ment, through thermization to full pasteurization. What is the 
effect of different heat treatments on the structure and properties 
of the gel? To what extent do differences affect the final character, 
including organoleptic quality, of the cheese? 
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EXERCISE 7.4. 

Pregnancy is a recognized risk factor for listeriosis and in a 
number of countries, pregnant women are warned against con
sumption of foods, including some types of soft cheese, which are 
known to have been associated with listeriosis. 

1. To what extent do you consider that 'health warnings' are 
effective as part of a national strategy of reducing morbidity 
due to foodbome disease? 

2. What are the practical difficulties of ensuring that the 
warnings reach the persons at risk, without causing unnec
cessary alarm amongst the population as a whole? 

3. Consider the development of possible alternative strategies 
to reduce the incidence of foodbome listeriosis during 
pregnancy. Could similar strategies be used for other bigh
risk groups, such as the immunocompromised or must a 
separate strategy be applied to each group? 



8 

FERMENTED MILKS 

OBJECTIVES 

After reading this chapter you should understand 
• The different types of fermented milk 
• The role of micro-organisms in their manufacture 
• The processing technology 
• The major control points 
• The nutritional and therapeutic properties of fermented milks 
• The chemistry of flavour development 
• The physico-chemical changes in milk during the manufacture of 

yoghurt 
• The structure of yoghurt and other fermented milks 
• Microbiological hazards and patterns of spoilage 

8.1 INTRODUCTION 

A wide range of fermented milks exists, although many are similar with 
respect to technology. Fermented milks may be classified in a number of 
ways but a system based on the type of starter micro-organism used is 
generally satisfactory (Table 8.1). 

Until relatively recently production was usually concentrated in particu
lar regions. The wider-scale popularity of fermented milks, especially 
yoghurt, ftrst arose from interest in their proposed life-prolonging 
characteristics but this market was not sustained. The development in 
the 1950s of fruit and flavoured yoghurt, however, resulted in this 
product becoming of major importance in the dairy industries of 
western Europe, the US and other non-traditional markets. Since then 
the number of types of yoghurt and YOghurt-based foods has increased 
further and there has been a revival of interest in yoghurts and other 
fermented milks as a means of promoting health. 

At the same time the appeal of other fermented milks such as keftr has 

A. H. Varnam et al. (eds.), Milk and Milk Products
© Alan H. Varnam and Jane P. Sutherland 1994
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Table 8.1 Classification of fermented milks 

Mesophilic lactic fermentation 
Cultured buttermilk 
Cultured cream 
Filmjolk 
Scandinavian ropy milks 

Thermophilic lactic fermentation 
Yoghurt 
Acid buttermilk 

'Therapeutic lactic fermentation' 
Acidophilus milk 
Yakult products 
Acidophilus-Bifidus (AB) yoghurts 
Proprietary therapeutic products 

Lactic/yeast fermentation 
Kefir 
Koumiss 

Lactic fermentation/mould ripening 
Villi 

347 

BOX 8.1 A niche in the market-place 

Perceptions of yoghurt vary amongst consumers according to 
nationality. In the US, for example, much of the yoghurt is a mild, 
dessert-like product, which would not be recognized by most 
European consumers. Within the overall US market, however, four 
major niches may be recognized, which require yoghurts of very 
different properties: childrens' yoghurt (an extremely mild and 
sweet product), breakfast yoghurt, dessert yoghurt and health 
yoghurt (high acid with pH value as low as 3.5). 

been increased by modifications resulting in less strongly flavoured 
products which are also compatible with modern packaging technology. 
The various varieties of yoghurt, however, continue to dominate the 
market for fermented milks. 

8.2 TECHNOLOGY 

The technology of fermented milks is relatively straightforward, small
scale manufacture requiring only simple equipment. The need for 
consistency and low production costs associated with large-scale opera-
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tions means that a higher level of control and generally more sophisti
cated equipment are required, although the basic manufacturing 
principles remain unchanged. Despite the wide range of fermented 
milks, the technology is similar, differences, in most cases, being 
restricted to the type of starter culture and the total solids content of the 
milk. 

8.2.1 General role of starter micro-organisms in the manufac
ture of fennented milks 

(a) Types of micro-organism 

The most commonly used starter micro-organisms are members of the 
group commonly referred to as lactic acid bacteria (lAB). These 
bacteria and their use as starter micro-organisms are discussed in greater 
detail in Chapter 7, pages 27~8. In contrast to cheese manufacture, 
however, micro-organisms other than lAB are also used. 

Revived and increased interest in the therapeutic properties of fer
mented milks has led to the use of the intestinal bacterium Bifidobacter
ium in starter cultures. Yeasts also have a role as starter cultures in 
fermented milks. Starter cultures used in the production of two alco
holic fermented milks, koumiss and kefir, contain yeasts which act in 
conjunction with lAB. Kluyveromyces marxianus var. marxianus and 
K marxianus var. lactis are used as starter cultures for koumiss, while 
the kefrr grain (see page 367) contains Candida kefyr together with one 
or more other yeasts. 

(b) Technologically important properties of starter cultures 

The major technologically important properties of starter micro
organisms in fermented milks are the same as those in cheese. With the 
exception of viili and closely related products, however, there is no 

• Biftdobacterium comprises irregular, gram·positive, asporogenous, rod·shaped bacteria 
which metabolize carbohydrates by means of the unique fructose·6·phosphate phospho· 
ketolase pathway. Bifidobacteria require as specific growth factors ('bifidogenic factors') 
the carbohydrates N-acetylglucosamine, found in human milk, and Iactulose, found in 
heated milk. There icon iderable variation in growth response to the gaseous 
environment some trains are obligately anaerobic while others, which appear to po ess 
weak catalase activity, tolerate oxygen in the presence of carbon dioxide. There are 
currently more than 18 recognized speCie of Bijidobacterium, of which B. breve and B. 
longum are most commonly used as tarter cultures (Scardovi. v. 1986. In Bergey's 
Manual o/Systematic Bacteriology, vol. 2 (eds Sneath, P.H.A., Mair, N .. , harpe, M.E. and 
Holt,J.G.). Willlam and Wilkins, ewYork,pp. 1 4 1~34). 
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manufacturing stage corresponding to ripening and no role played by 
micro-organisms other than starters. For this reason production of 
flavour compounds during fermentation is of greater importance in 
fermented milks than in most types of cheese. Oiacetyl (see Chapter 7, 
page 279) and acetaldehyde are major flavour compounds, acetalde
hyde being produced by most starter LAB. Pathways of formation vary 
according to species, Lactococcus and Leuconostoc possessing threo
nine aldolase which mediates the formation of glycine and acetaldehyde 
from threonine, but sugars being the major important precursor in 
Lactobacillus and Str. salivarius ssp. thermophilus. Many possible 
routes exist, however, and are summarized in Figure 8.1. 

(c) Probiotic and therapeutic properties associated with starter 
micro-organisms 

Historically interest in the pro biotic and therapeutic properties of 
starter micro-organisms stems from the observations of Metchnikoff on 
the longevity of Balkan peasants and his development of theories 
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Table 8.2 Probiotic and therapeutic properties associated with starter micro
organisms in fermented milks 

Property 
maintenance of normal intestinal microflora 

Micro-organism 
Bifidobacterium spp.; Lactobacillus acidophilus 

Proposed mechanism 
( a) production of inhibitors 
(b) stimulation of host immune system 

Property 
alleviation of lactose maldigestion 

Micro-organism 
general property of fermented milks 

Proposed mechanism 
(a) reduction in lactose content of product 
(b) auto-digestion of lactose by starter derived ~-galactosidase 
( c) unknown cause( s) 

Property 
anti-carcinogenic activity 

Micro-organism 
Bifidobacterium spp.; various lactic acid bacteria 

Proposed mechanism 
( a) removal of dietary procarcinogens 
(b) stimulation of host immune system 

Property 
reduction of serum cholesterol levels 

Micro-organism 
Bifidobacterium bifidum; Lactobacillus acidophilus 

Proposed mechanism 
not known 

Property 
nutritional enhancement 

Micro-organism 
Bifidobacterium bifidum; Lactobacillus acidophilus 

Mechanism 
(a) synthesiS ofB-complex vitamins (B. bifidum only) 
(b) increased calcium absorption 

Property 
alleviation of effects of renal malfunction 

Micro-organism 
Bifidobacterium spp.; Lactobacillus acidophilus 

Mechanism 
reduce level of toxic amines 
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explaining the apparent life-prolonging attributes of fermented milks. 
Interest in starter micro-organisms as probiotic and therapeutic agents 
has revived in recent years and, especially in Japan and some countries 
of continental Europe, a large number of products with alleged health
promoting properties have been developed. A considerable degree of 
scepticism exists among both the public and the scientific community 
which is exacerbated by exaggerated claims and an association with 
'New age' mysticism. Despite this there is evidence of beneficial effects 
under some circumstances. These involve different mechanisms the 
benefit of which is restricted to certain individuals rather than to the 
population as a whole. The various possible probiotic and therapeutic 
roles of starter micro-organisms in fermented milks are summarized in 
Table 8.2. 

8.2.2 Yoghurt 

Several types of yoghurt exist, of which the two main types are set or 
stirred. Yoghurt may also be subject to post-fermentation treatments 
such as heating, concentrating, drying and freezing (see pages 
362-4). The basic production technology is summarized in Figure 
8.2. Compositional standards exist in some, but not all, countries 
(Table 8.3). 

(a) Milk 

Yoghurt may be made from the milk of any species and while cow, goat 
and sheep are most common, camel and buffalo milks have also been 
successfully used. The quality of the milk proteins determines the 
suitability for yoghurt making and proteolysis in the raw milk must be 

Table 8.3 Examples of compositional (%) standards for yoghurt 

MSNF3 

Protein 
Acidity 
Fruit content 

1 On fmal product. 
2 On fruited base. 
3 Milk solids-non-fat. 
4 No standard applicable. 
5 As lactic acid. 

UK 1 USA 2 Australia 

8.5 
3.0 
NS4 

5.0 

8.5 
NS4 

pH 4.5 
5.0 (fruit) 
2.5 (nuts) 
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Raw milk CCP2 

1 
Standardize CCP2 

...... ----- Supplement1 

Homogenize CCP2 

....... ----- Heat-stable additives2 

CCP1 
Heat trr ... t .. ,.,m_en_t __ Hea~I~:~ additives2 

Inoculate CCP2 

S.~ET~ _______ ~I ______ ~S~T~IRRED 
t t 

Package CCP2 CCP2 Fermentation 

t t 
Fermentation CCP2 CCP2 Cooling 

t Fruit, nuts ----.1 CCP1 
Cooling CCP2 + t CCP2 Packaging 

Retailing t 
Retailing 

Figure 8.2 Manufacture 
2Stabilizers, etc. 

of yoghurt. lOnly some types of yoghurt. 

controlled by ensuring that the microbiological status is good and that 
the temperature of storage is sufficiently low to limit the activity of 
bacterial or milk-derived proteases. 

Milk may be full cream or of reduced fat content, but the fat content is 
usually standardized to ensure that legal requirements or consumer 
preferences are met. The descriptors applied to yoghurts of different fat 
content and any legislative standards vary on a national basis (Table 
8.4). 

Standardization can involve skimming, blending skim and whole milk, or 
use of standardizing centrifuges. In some, but not all, countries it is 
common commercial practice to fortify the solids content to ca. 15%. 
This improves the body of the final yoghurt, reduces susceptibility to 
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Table 8.4 Examples of descriptors applied to yoghurts of different fat content 

UK 1 USA 2 Australia 

Very low fat 
<0.5% fat 

Low fat 
0 .5-2% fat 

Yoghurt 
NS3 

High fat 
NS3 

1 On fmal product. 
2 On fruited base. 
3 No standard applicable. 

Skimmed milk 
<0.5% fat 

Half fat 
0 .5-2% fat 

Whole milk 
Minimum 3.5% fat 

Cream 
NS3 

Non-fat 
Maximum 0.2% fat 

Semi-skimmed 
0.7-1.3% fat 

Full fat 
4.2% fat 

syneresis and slightly reduces acid production during fermentation 
resulting in the less acid product now generally preferred. Low heat 
skim milk powder or whey protein concentrates are most widely used as 
supplements, the latter giving improved viscosity and low susceptibility 
to syneresis but increasing nodulation in proportion to the quantity of 
concentrate added. Alternative protein sources for supplementation 
include ultrafiltration retentate, soybean or leaf protein. The use of the 
two latter sources is seen primarily as a means of utilizing local materials 
in developing nations. Milk concentrated by either vacuum evaporation, 
ultrafiltration or reverse osmosis and, where fresh milk is scarce, 
reconstituted milk powder may also be used. 

Milk supplemented with dried milk or whey protein powder is usually 
filtered to reduce subsequent heat exchanger fouling. The milk may also 
be de-aerated at this stage to enhance subsequent starter growth and 
reduce whey separation due to the presence of dispersed gases in the 
milk. Alternatively and more conveniently, de-aeration may be com
bined with heat treatment. 

Homogenization is required to improve texture, decrease susceptibility 
to syneresis and, possibly, reduce nodule formation. Increasing homo
genization pressure increases viscosity but also increases susceptibility 
to syneresis. It is therefore necessary to define an optimum pressure for 

• Lo heat milk powder prepared from conventional vacuum concentrated milk 
produces a yoghurt of poor viscosity and high susceptibility to syneresis. These problems 
can be overcome by use of rabiIJzer5. Alternatively a high quality yoghurt is obtained by 
use of powder prepared from milk concentrated by reverse 0 mosis. 
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each type of yoghurt produced, but pressures used are typically 
15-20 MPa at ca. 65°C. Single-stage homogenization is most common, 
but a second stage treatment at 4 MPa may be applied. 

Milk for yoghurt manufacture is almost invariably heat treated. For many 
years a treatment of 80-85°C for 30 min has been considered optimal, 
but in practice the treatment applied varies considerably from an 
approximation of HTST pasteurization to a full UHT process. Heat 
treatment is important in increasing the viscosity of the yoghurt and 
improving texture. Milkborne pathogens such as Salmonella and 
Campylobacter are eliminated and the number of adventitious bacteria, 
some of which may interfere with growth initiation by the starter 
culture, reduced. A full UHT process is required where milk contains 
large numbers of endospores especially if the starter consists of slower 
growing bacteria such as Bifidobacterium. Heat treatment also stimu
lates growth initiation by starter bacteria by reducing the oxygen 
content of the milk and, according to the heat treatment applied, may 
either stimulate or inhibit subsequent growth. 

Milk may be heat treated in either a batch or continuous process. A 
temperature of 85°C for 30 min is used in the batch process and, where 
stirred yoghurt is being made, the milk may be heat treated, cooled and 
fermented in the same vessel (mUltipurpose processing tank). This 
system produces a high quality yoghurt, but involves a lengthy produc
tion cycle, is of low productivity and expensive in terms of building 
space required and energy costs. Continuous heat treatment at 90-95°C 
for 5-10 min is often preferred, either tubular or plate heat exchangers 
being used. 

(b) Other ingredients 

Although many consumers prefer YOghurts to be 'additive-free', stabiliz
ers may be added to stirred YOghurts to improve viscosity, and body and 
to reduce susceptibility to synereSiS. Stabilizers also improve mouth-feel 
and permit reduction in calories while maintaining the organoleptic 
quality. Stabilizers are hydrocolloids including gelatin and carbohy-

• Stimulation and inhibition occurs In cycles and appears to be related to changes In 
levels of amino·nitrogen and, possibly. other compounds such as fonnic acid. 
Stimulation: heat treatment In range 60°030 min to 70°040 min. 
Inhibition: heat treatment in range 72°Cl45 min to 82°Cl>10 min, or 9O°ClI-45 mln_ 
Stimulation: heat treatment 9O°Cl>60 min, or 120°ClI5-3O min. 
Inhibition: heat treatment 120°Cl> 30 min. 
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CONTROL POINT: MILK AND MILK TREATMENT CCP 1 

Control 

Milk must be of good initial quality and free from antibiotics. 

Milk must be stored at correct temperature and for not longer than the 
stipulated period. 

Ensure heat treatment correctly applied and at least equivalent to 
pasteurization. 

Homogenization pressure must be correct. 

Ensure milk correctly standardized. 

Additional milk protein sources to be of good quality and suitable for the 
purpose. 

Monitoring 

Determine microbiological quality of incoming milk and ensure free
dom from antibiotics. 

Temperature of milk should be monitored by thermograph and a formal 
procedure instituted to control milk storage. 

Heat treatment equipment should be fitted with a thermograph and the 
process monitored by trained and experienced personnel. 

Monitor homogenization pressures throughout process. 

Standardization should be supervised by trained and experienced 
personnel. Chemical analysis may be appropriate at this stage. 

Obtain additional protein sources from reputable supplier. All must be 
certified 'antibiotic-free' and conform to any other predetermined 
specification. 

Verification 

Product quality. 

Chemical analysis. 

Examination of thermograph and other plant records. 
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drates such as pregelatinized starch, agar, guar gum, pectin and carra
geenan. Gelatin and starch may be used at concentrations of up to 1 % , 
but concentrations of other stabilizers should not exceed 0.3 to 0.5% 
otherwise flavour may be adversely affected. The use of hydrocolloids 
has increased in recent years in response to reduced usage of added milk 
solids due to high cost. Careful selection of stabilizers also permits a 
range of products to be prepared from a single base formula. 

Sweeteners, colouring and flavouring are usually added after pasteuriza
tion to avoid thermal degradation. Addition may be made pre- or 
post-fermentation. YOghurts were originally sweetened with sucrose but 
this is at variance with the 'healthy' image imparted even to artificially 
flavoured and coloured types which bear little resemblance to the 
YOghurts of tradition. A number of alternative sweeteners have been 
proposed including high fructose corn syrup, saccharin, glucitol (sorbi
tol) and aspartame. Raw cane sugar and honey are used where a 'healthy' 
image is desired. It is also possible to use decolourized, deflavoured, 
deacidified and deodourized fruit concentrates. Apple and pear concen
trates are widely used in Europe and tropical fruit concentrates in the 
US. Consumer trials have shown a preference for glucitol and aspartame, 
saccharin being considered unsuitable due to bitterness. High fructose 
corn syrup, however, lowers the viscosity less than glucitol or aspartame 
and, especially in the United States, is readily and cheaply available. 

Fruit and, less commonly, nuts are usually supplied as heat-treated 
purees in large cans, or in bulk containers for direct connection to the 
yoghurt handling line. Fruit purees originally used resembled a jam, but 
a lighter puree of 30-50° brix is now preferred, the necessary body 
being obtained through the presence of stabilizers. Care must be taken 
to ensure that the stabilizers used do not interfere with flavour-release. 
Addition to stirred yoghurt is made after fermentation, but in the case of 

• Stabilizers ace usually added before homogenization and heat treatment and thi bas me 
obvious advantage of destroying vegetative micrObial pathogens and potential spoilage 
organisms. Increasingly, however, stabilizers ace added after pasteurization, wim a cacrier 
such as flavouring or colouring. This bas advantages from a technical viewpoint, but it is 
necessary to introduce tringem criteria for the microbiologJal taW of the stabilizer . 

• The reduction of water acti ity tesulting from pre-fi rmentation addition of sweeteners 
has implications for growth of starter cultures. In general terms low water activity favour 
Str. sa/ivarlus ssp. thermopbilus over Lb. delbrueckii ssp. bulgaricus and can lead to 
quality problems resulting from unbalanced growth. The response to different sweeten· 
ers varies, both starters ace inhibited by gJucitol at concentrations in excess of 7%, for 
example, while fructose favours the growth of Lb. delbrueckii p. bulgaricus over Str. 
salivan'us ssp. tbennopbtlus. 
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set yoghurt a layer of fruit in a viscous gel is placed into the container 
before addition of the inoculated milk. Sulphur dioxide is still used as a 
preservative in fruit and occasionally causes off-flavours in fruit 
YOghurts. 

(c) Fermentation 

Fermentation usually involves the combined growth of Lb. delbrueckii 
ssp. bulgaricus and Str. salivarius ssp. thermophilus, although Lb. 

CONTROL POINT: ADDITIONAL INGREDIENTS CCP 1 OR 2 

Control 

Ensure ingredients of good quality and suitable for intended purpose. 

Ingredients to be added after heat treatment should conform to 
microbiological criteria with respect to absence of pathogens and 
general quality. 

Ingredients must be stored under good conditions and used within a 
stipulated time period. 

Monitoring 

Obtain ingredients from a reputable supplier and ensure conformity to 
predetermined specifications. 

Microbiological examination of 'high-risk' ingredients added after heat 
treatment. 

A formal inspection plan should be instituted for canned goods. 

Inspection of storage facilities. 

Verification 

Quality of end-product. 

Physical properties of end-product (stabilizers ). 

Inspection of plant records. 
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belveticus ssp.jugurti is sometimes used in place of Lb. delbrueckii ssp. 
bulgaricus. The relationship between the starter components is syner
gistic, Str. salivarius ssp. tbermopbilus being stimulated by amino acids 
and peptides released from casein by the Lactobacillus which, in turn, is 
stimulated by formic acid produced by the streptococci. 

Traditional mixed strain cultures have now been replaced in large
scale manufacture by single or multiple strain defined cultures used 
in rotation. Problems due to bacteriophage activity are relatively 
rare, although bacteriophage-insensitive mutants have been used in 
Australia. Most modern large-scale production uses the 'short-set' 
method, in which starter culture is added at 2% (v/v) permitting the 
fermentation to be completed within 4 h at an incubation tempera
ture of 40-42°C. At this point the acidity will be 0 .90-0.95%. A small 
amount of yoghurt is still made using the long-set process, in which 
starter culture is added at 0.5% (v/v) and the fermentation continued 
for 14-16 h at 30°C. 

Direct-in-vat inoculation is widely used in large-scale production, 
especially in the US. Cultures may be supplied either as super
concentrated frozen suspensions or in freeze-dried form. Freeze dried 
cultures are more convenient in use and are technically superior due to 
the ability to dry blend the two components to give very fine control of 
the final properties of the yoghurt. 

Set yoghurt is fermented in the final retail container, incubation taking 
place either on a batch basis in water baths or a temperature controlled 
room, or continuously, during progression through a heated tunnel. 
Stirred yoghurt is fermented in bulk either in mUltipurpose tanks or in 
dedicated fermentation vessels. Slow to medium speed stirring is 
applied for no more than 5-10 min. This produces the required body 
and texture and also slows fermentation, reducing the risk of over
acidification . 

• Formate production may require metabolic adaptation and takes place during the late 
exponential and early tationery phase of growth. Formate production is mediated by 
pyruvateiormate lyase: 

Pyruvate + Coenzyme A Formate + Acetyl oenzyme A 

and the reaction may be used for ATP generation uta. acetyl coenzyme A synthesis of 
compounds requiring acetyl groups, or generation of C 1 fragments for synthesis. This can 
result in considerable variation in the quantities of formate available to the Lactobacillus 
even when growth condition are normal (Perez, P.F. et at. 1991. Journal of Dairy 
cience, 74, 285~). 
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To some extent the final consistency of yoghurt is dependent on process 
factors, but the role of starter micro-organisms in producing the 
desirable smooth, viscous consistency through the production of slime 
should not be overlooked. Slime is also important in reducing the need 
for stabilizers, in flavour retention and in producing a glossy appearance. 
Careful control is, however, needed to avoid a 'ropy' texture. Slime is 
usually composed of amino-sugar containing extra-cellular polysaccha
ride (see page 378), the quantity produced and the structure varying 
from strain to strain. 

Therapeutic yoghurts differ from the conventional type in the starter 
micro-organisms used, other aspects of production technology being 
similar. Lactobacillus acidophilus, B. bifidum or B. longum and, less 
commonly, Lb. casei are used and are available as commercial cultures 
in various combinations. Cultures are usually propagated in monocul
ture and direct-in-vat inoculation may be used. Therapeutic yoghurts 
can be prepared using therapeutic starter cultures alone or in the 
presence of normal starter bacteria. Acid production by therapeutic 
starters is slow in the absence of normal starter bacteria and strict 
precautions must be taken against contamination and overgrowth by 
undesirable bacteria. Therapeutic activity may also be enhanced by the 
presence of normal starter cultures. 

It is essential that starter cultures used in therapeutic yoghurts are able 
to survive transit through the stomach, remain active in the presence of 
bile and have the ability to colonize the intestine. A minimum of 106 

viable cells/ml (the therapeutic minimum) has been considered neces
sary for therapeutic activity, but a more realistic number is probably ca. 
8 x 106 cells/ml. Both Bifidobacterium and Lb. acidophilus are 
acid-sensitive and, to ensure the therapeutic minimum is present in the 
final product, it is necessary either to use an inoculum level of 1()..-20% , 
or to maintain the final pH value above 4.6 either by buffering the 
yoghurt, or by terminating incubation at a pH value of 4.9-5.0. 

Proprietary therapeutic cultures such as Biogarde(R) (Str. salivarius ssp. 
thermophilus, Lb. acidophilus and B. bifidum), Bioghurt(R) (Str. sali
varius ssp. thermophilus and Lb. acidophilus) and Bifighurt(R) (B. 
bifidum) may also be used as starter cultures for the therapeutic 

• The tarter culture may also be a factor in nodule production and this faull is less 
common where Lb. belveticus ssp. jugurlt is used as tana in place of Lb. delbrueckif 
ssp. blilgaricus. ulture tendency towards nodulation is, however, exacerbated by u ing 
an excessively high inoculum, an inactive culture, or poor growth conditions. 
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BOX 8.2 Innocence and health 

It is considered misleading to describe yoghurts as having health 
promoting properties unless the therapeutic minimum number of 
viable cells is present at point of sale. Strains of Bifidobacterium 
used in some commercial products neither survive gastric transit, 
nor product acidity during storage. Problems of survival are 
particularly acute in yoghurts produced for the north American 
market, where acidity is associated with 'healthiness' and the pH 
value is as low as 3.5. In contrast the mild nature of therapeutic 
yoghurts produced for the European market is a major attraction 
and can be the basis for preference over conventional yoghurts. 

versions of other fermented milks. The starters may also be cultured 
separately and incorporated into non-fermented products. Examples of 
such 'bifid-amended' products include milk, milk powder, butter and 
frozen desserts. 

(d) Post-fermentation processing 

In most cases post-fermentation processing of yoghurts is restricted to 
cooling, addition of fruit puree, etc., and packaging. Excessive agitation 
and shear stress reduces the viscosity of yoghurt and should be avoided 
during handling, although application of shear stress is beneficial in 
reducing nodulation. For this reason, stirred yoghurt may be 'smoothed' 
before cooling by passage through a fine mesh screen (texturizer). This 
is effective in reducing of nodulation but, unless very carefully con
trolled, the process leads to a reduction in viscosity and leakage of free 
whey. 

Cooling should be carefully controlled since too rapid a rate leads to 
syneresis. Common industrial practice involves a first stage cooling to 
I5-20°C, addition of fruit, etc., if applicable and second stage cooling to 
below 5°C in a cold-store. Tunnel incubators for set yoghurt incorporate 
a cooling section, while stirred yoghurt may be cooled either in the 
fermentation vessel or, more efficiently, using a continuous heat
exchanger. 

Ideally filling of yoghurt into final containers should follow immediately 
after cooling. H this is not possible, storage should be as short as possible 
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CONTROL POINT: FERMENTATION CCP 2 

Control 

Fermentation to proceed to predetermined acidity (pH value ). 

Monitoring 

Monitor starter activity before addition to milk (see Chapter 7, page 
341). Addition of starter to be made by trained and experienced 
personnel. 

Monitor temperature of milk throughout fermentation. 

Follow course of fermentation by determination of acidity (pH value ). 

Verification 

Quality of end-product. 

Microbiological examination to determine number of starter organisms 
and ratio between types. 

Inspection of plant records. 

and should never exceed 24 h. A storage temperature of 10-20°C is 
optimal to avoid loss of viscosity and syneresis. Yoghurt may be 
packaged in a number of containers including foil-capped glass bottles 
or, most commonly, plastic pots capped with metal foil or plastiC, 
'snap-on' lids. The latter type may be fitted with a safety collar to prevent 
tampering with the contents. Low viscosity yoghurt may be gravity
filled, but piston fillers are required for other types. The filling nozzle 
should have a large orifice and the speed of operation be as low as 
operating requirements permit to minimize shear-stress. 

(e) SpeCial types Of yoghurt 

Drinking yoghurt is essentially stirred yoghurt which has a total solids 
content not exceeding 11 % and which has undergone homogenization 
to further reduce the Viscosity. Flavouring and colouring are invariably 
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CONTROL POINT: POST-FERMENTATION TREATMENT CCP 2 

Control 

Ensure efficiency of cooling and that any predetermined patterns of 
cooling are followed. 

Handling procedures must avoid high shear stresses. 

Ensure even distribution of added ingredients and consistent filling. 

Monitoring 

Cooling equipment to be fitted with thermographs and cooling moni
tored by experienced personnel. 

Monitor operation of equipment involved in handling of YOghurt. 

Monitor operation of equipment used for making additions to and for 
filling of yoghurt. 

Verification 

Quality of the end-product. 

Measurement of level of addition and consistency of fill. 

Inspection of thermographs and other plant records. 

Maintenance of equipment on a regular basis. 

added and one type is slightly carbonated. Heat treatment may be 
applied to extend the storage life. Two processes are used, a HTST 

• The low pH value (4.()....4.5) of yoghurt means that a rclativel)' mild UHT process is 
adequate to ensure microbiological [ability. The pH value is also close to the isoelectric 
point of the caseins, leading to problems of chemical instability. The most satisfactory 
solution is to use highly methoxylated pectin as stabilizer. In the yoghurt, the pectin 
associates with calcium, acquiring a positive charge which, in turn, leads to an association 
between the pectin and caseinS. As a result, the caseins also acquire a positive charge, 
repelling the pectin and establishing a system of ionic stabilization. 



Technology 363 

pasteurization coupled with aseptic packaging to give a life of several 
weeks at 2-4°C and a UHT process coupled with aseptic packaging to 
give a life of many weeks at room temperature. 

Concentrated (strained) yoghurt is produced in a number of countries 
and may be known as labneh (Middle East), skyr (Iceland) and 
shrikhand (India). Products such as ymer (Denmark) are similar but are 
fermented by mesophilic starter cultures in conjunction, in some cases, 
with yeast. Concentrated yoghurt may be considered as intermediate 
between conventional fermented milks and high moisture, unripened 
soft cheese such as quarg and it is notable that suggested culinary uses as 
a spread or a salad dip are more usually associated with soft cheese. 

The traditional process for preparation of concentrated yoghurt, strain
ing in cloth bags, is still used on a small scale, but is laborious and 
subject to microbiological contamination. The most widely used com
mercial process involves centrifugal separation of skim milk yoghurt to 
produce a concentrated base, which is then recombined with butter oil 
or cream to the desired fat content. This process is used to produce 
'thick and creamy' Greek-style yoghurts with a total solids content of ca. 
24% and a fat content of ca. 10%. More recently there has been much 
interest in the use of ultraftltration either to concentrate yoghurt into 
the ftnal product or to concentrate the milk prior to fermentation. The 
latter system, however, leads to a product of deftcient body and flavour 
and the most satisfactory procedure is to homogenize and concentrate 
yoghurt direct from the fermentation tank at a temperature of 40-45°C. 

Heat-treated (pasteurized) yoghurt is intended to be stable at room 
temperature for periods of ca. 3 months. The yoghurt may be heated 
either in a plate heat exchanger at 75-80°C for 15 s or 'heat-shocked' 
in-carton at 58°C for 5 min. Higher than usual levels of stabilizer may be 
required with a possible adverse effect on organoleptic quality. 

Frozen yoghurts vary widely in nature. As originally conceived, the 
product can be prepared from conventional set or stirred yoghurt, 
although an elevated level of sugar and stabilizer is required to maintain 
the coagulum during freezing and storage and a small quantity of cream 
may be added to improve 'mouth-feel'. It is also possible to replace the 

• Heat·treatment of yoghurt is precluded by law in some countries, it being required mat 
me product contains 'abundant and viable' organisms. Some trains of Lb. delbrueckit p. 
/:tulgarlcus may survive pasteurization and mus permit legislation to be Circumvented, 
but over·acidification is likely to lead to quality problem . 
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milk solids with whey protein concentrate. The yoghurt is then either 
frozen in a blast-freezer to at least -20°C, or frozen with aeration in an 
ice-cream freezer. Other types of frozen yoghurt, however are effec
tively a frozen, low-fat dessert (see Chapter 9, page 389), in which 
yoghurt acts as a source (with skim milk and buttermilk) of milk protein. 
In products of this type very little, or none, of the yoghurt character is 
retained. 

Traditional dried yoghurt is produced by simply concentrating conven
tional yoghurt by boiling and sun-drying, the dried product being 
reconstituted before consumption. This process is not suitable for 
large-scale manufacture and for this purpose either freeze drying or 
spray drying may be used. Freeze drying, however, is an expensive 
process and most interest lies in spray drying. Low-cost spray dried 
yoghurt is seen as a means of supplying protein to nutritionally deprived 
areas, but in industrialized nations it is largely used as an ingredient in 
infant foods, baked goods and confections. The properties required for 
successful ingredient use vary and it is not possible to combine these in 
a single yoghurt product. In most cases, therefore, it is necessary to 
tailor the processing parameters according to the proposed end use. 

8.2.3 Other fermented milks 

(aJ Acidophilus milk 

Acidophilus milk is a traditional therapeutic milk fermented with Lb. 
acidophilus. Skim or whole milk may be used, a heavy heat treatment of 
ca. 95°C for 1 h, a tyndallization process, or UHT treatment being 
applied to reduce the microbial load and favour the slow-growing Lb. 

BOX 8.3 Milk comes frozen home 

Although technologically distinct from ice cream, frozen aerated 
yoghurt is superficially similar and is retailed in a very similar 
market. In some countries frozen yoghurt is the fastest growing 
sector of the frozen dessert market and is gaining market share at 
the expense of ice cream and low-fat frozen desserts. Specialist 
outlets have been established within restaurants, etc., at which 
flavouring or fruit is added at point-of-sale, enabling a very wide 
choice to be offered. This assists overall sales by establishing a high 
quality image. 
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BOX 8.4 Under pressure 

The use of very high pressures, usually in the range 120-140 MPa, 
to inactivate micro-organisms has attracted much interest in recent 
years. The major advantage lies in the fact that, while the process is 
highly effective in inactivating micro-organisms, the 'quality carry
ing' molecules, vitamins, flavour/fragrance compounds, pigments, 
amino acids, etc., are unaffected. High pressure treatment is most 
advanced in Japan, where the process is used on a commercial 
scale in production of jam, fruit juice and yoghurt. The relative 
economic success of high pressure-treated yoghurt is not, how
ever, known. (Mertens, B. 1992. Food Manufacture, November, 
23-4). 

acidophilus. For the same reason precautions, including daily sub
culturing, are necessary to ensure a high initial level of starter activity. 
Milk is inoculated at a level of 2-5% and incubated at 3"rC until 
coagulated. Some acidophilus milk has an acidity as high as 1 % lactic 
acid, but for therapeutic purposes 0.6-0.7% is more common. 

(b) Cultured buttermilk 

Small quantities of cultured buttermilk, the 'acid' or 'Bulgarian' type are 
fermented by Lb. delbrueckii ssp. bulgaricus and, possibly Str. sali
varius ssp. thermophilus, the product resembling yoghurt. The more 
common type, however, is fermented by a mesophilic starter compris
ing Str. lactis ssp. lac tis together with some, or all of, Str. lactis ssp. 
lactis biovar diacetylactis, Str. lactis ssp. cremoris and L. mesenteroides 
ssp. cremoris. Buttermilk may be used, but skim or whole milk is now 
more common. A widely used process involves heating the milk to ca. 
80°C, de-aerating, homogenizing, heating to ca. 95°C and cooling to 
20-25°C before addition of the starter culture. Starter is added at a level 
of 1-2%, fermentation proceeding for 16-20 h at ca. 25°C, to an acidity 
of 0 .9% lactic acid. Separation may occur in the finished product and 
gelatin is sometimes added as stabilizer, although attention to process 

• Lactobacillus acidopbilus possesses an alcohol dehydrogenase and metabolizes 
acetaldehyde to ethanol. For this reason acidophilu milk may be considered tasteless in 
comparison wilh other fennented mil.ks and attempts have been made to widen Ihe 
appeal by co·fermentation wilh yoghurt urters or Bijidobacterium. The distinction 
between these products and yoghurt is, however, very blurred indeed. 
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control is considered a superior means of preventing this fault. Cultured 
buttermilk is largely a consumer product in Europe, but in the US very 
large quantities are produced for ingredient use, especially in bakery 
goods. 

(c) Cultured cream 

The fat content of cultured cream is standardized between 12 and 30% 
depending on the required properties. The starter culture is similar to 
that used for cultured buttermilk, but Leuconostoc is usually omitted. 
Standardized cream is heated to 75-80°C before homogenization at high 
pressure and temperature (above 13 MPa at 60°C) to improve texture. 
The inoculation and fermentation conditions are similar to those for 
cultured buttermilk, but the fermentation is stopped at an acidity of 
0.6% lactic acid. The consistency of cultured cream is adversely affected 
by post-fermentation handling and inoculation and fermentation may 
take place in the final retail pack. 

(d) Kefir 

Kefir is a foamy effervescent drink which is usually made from whole 
milk heat treated to ca. 95°C for 5 min. This process denatures whey 
proteins and improves product consistency, homogenization also in 
general use in modern practice. A portion of the process milk is used to 
prepare the inoculum, being mixed with kefir grains and incubated at 
20-25°C for ca. 20 h. At the end of this period the kefir grains are 
removed by sieving and rinsed in cold water for re-use. The cultured 
milk is then used as starter at a level of 3-5%, the main fermentation also 
being at 20-25°C for ca. 20 h. The kefir is then held for several hours 
during which time the coagulum stabilizes ('ripens'), the final product 
containing 0.9-1.1 % lactic acid and 0.5-1 % ethanol. 

In recent years the nature of kefir grains has been investigated in some 
detail. The grains are gelatinous granules some 2-15 mm in diameter 
which consist of a mixture of micro-organisms grouped in a highly 
organized manner (Figure 8.3). The micro-organisms present vary but 
may include L. lactis ssp. lactis and ssp. cremoris, Lb. acidophilus, Lb. 
kefir, Lb. kefiranofaciens, Lb. casei, Candida kefyr, Kluyveromyces 
marxianus var. marxianus and species of Saccharomyces including 
Sacch. cerevisiae. Under conditions of regular sub-culturing, the grains 
proliferate in milk over many generations, the character and properties 
remaining unchanged. Kefir grains appear to consist of a matrix of which 
ca. 50% is the glucose and galactose containing carbohydrate, kefiran. 
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Figure 8.3 Structure of the keftr grain: schematic diagram. Rod-shaped 
bacteria are dominant in the peripheral layer (a). Below this an intermediate 
zone exists, with a higher number of yeasts (b). The centre of the grain largely 
consists of yeasts embedded in a kefuan matrix (c). 

The matrix develops . as convoluted sheet-like structures in which 
keftran-producing lactobacilli are embedded. Non-keftran producing 
lactobacilli and yeasts each predominate on separate sides of the sheets. 
Keftran is produced by Lb. kefiranofaciens in the centre of the grain 
where growth is favoured by anaerobic conditions and the presence of 
ethanol. Lb. kefiranofaciens is thus responsible for propagation of the 
grains which does not occur in the absence of this organism, although 
non-propagable grains retain kefir-producing capacity. Lb. kefir, the 

• Almough keftr i popular in eastern Europe, consumption elsewhere is limited by me 
harsh taste of me traditional product. Variants have been developed in some westem 
European countcies and in bom Germany and Sweden a modified kefir i produced using 
a starter culture consisting of mlcro·organisms derived from me kefir grain rather than 
me kefir grain itself. uch starters are uitable for direct-In-vat inoculation. 
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most common lactobacillus in kefir itself is present only in small 
numbers at the surface of the grain. 

(e) Koumiss 

Koumiss is traditionally made from mares' milk, but similar products are 
made from whole or skimmed cows' milk containing added sucrose. 
Lactobacillus acidopbilus, Lb. delbrueckii ssp. bulgaricus and the yeast 
Kluyveromyces marxianus var. marxianus or var. lactis are used as 
starters and added to cooled, heat-treated (90-93°e for ca. 5 min) milk 
at a level of 10 to 30%. This gives an initial acidity of ca. 0.45% lactic 
acid, the inoculated milk being incubated at 26-28°e until the desired 
levels of lactic acid and ethanol are present. These are determined by 
market requirements, and vary from 0.6% lactic acid:0.7% ethanol to 
1.0% lactic acid:2.5% ethanol. After incubation the product is cooled to 
ca. 15°e and agitated to ensure a smooth consistency and to slightly 
aerate. In many cases, after bottling, the koumiss is held for some time at 
ambient temperature to allow e02 to accumulate. 

(f) Scandinavian ropy milks 

Scandinavian ropy milks have a characteristic texture which is both 
sticky and yet easily cut by a spoon. A number of types are produced but 
the technology and microbiology are similar and typified by filmjolk. 
Milk is heated to 78-80oe, de-aerated, homogenized and re-heated to 
90-95°e for 3 min. After cooling to ca. 20oe, 1-2% of a starter culture 
containing Leuc. mesenteroides and 'ropy' strains of L. lactis ssp. lactis 
and L. lactis ssp. lactis biovar diacetylactis is added. Incubation 
continues for 20 h when the acidity is 0.8-0.9% lactic acid, the 
coagulum is broken by stirring and the product cooled and packed. In 
some variants incubation takes place in the final pack, while traditionally 
made taetmjolk is thickened by addition of herbs. 

One type of ropy milk, the Finnish villi, is the only mass produced 
fermented milk which is ripened by a mould, Geotricbum candidum. 
Milk of fat content 2.H.0% is used, the milk being heated but not 
homogenized. During fermentation, in retail containers, the fat rises to 
the top of the milk and forms a layer on which a 'felt' of mould mycelium 
develops. Spores of G. candidum are added with the starter culture, but 
the mould plays no role in the fermentation. 

(g) YakulfR) and Yakult Miru-Miru<R) 

Yakult products are commerCially developed therapeutic fermented 
milks manufactured, and largely consumed, in Japan. Relatively little 
information is available concerning the technology of the products but 
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Yakult is fermented by a strain of Lb. casei ssp. casei with properties similar 
to Lb. acidophilus. The process milk is of low solids content containing 
only 1.1 % fat, 1.2% protein and 1.1% lactose. However other carbohy
drates are present at a level of 14% . Yakult MinI-MinI is made from process 
milk of similar composition to whole cow's milk but containing additional 
sugars at a level of 6.1 %. The milk is fermented by a mixture of B. bifidum, 
B. breve, Lb. acidophilus and Lb. casei ssp. casei. 

8.2.4 Dietary modification of fennented milks 

Many fermented milks are of low fat content and thus perceived as 
'healthy' foods without specific modification and low-cholesterol prod
ucts have also been proposed. Further, many yoghurts fermented with 
Lb. acidophilus or Bifidobacterium are of low lactose content and 
suitable for consumption by lactose-intolerant persons. Lactose-reduced 
versions of non-therapeutic fermented milks have, however, been 
produced either by reducing the lactose content of the process milk by 
chemical or enzymatic hydrolysis, or by fermentation with thermophilic 
starter organisms. Fermented milks fortified with iron, calcium and 
dietary fibre have also been produced. 

8.2.5 Fennented milk analogues 

Production of fermented milk analogues based on soya milk have been 
seen as a means of increasing soya protein consumption and thus 
meeting the dietary needs of both the underfed of developing nations 
and the overfed of western Europe and the US. As with soya milk itself, 
however, problems have been encountered due to an unacceptable 
'beany' flavour and flatulence associated with the presence of oligosac
charides such as stachyose. The coagulum forming properties of soya 
milk also differ from those of mammalian milk due to the predominance 
of albumins and globulins . 

• A number of atlcmpt have been made to improve the flavour of fermented mUk 
analogues by fortification with variou material including whey protein concentrate, 
non·fat dried milk, lactose, ucrose and fructose. It i difficult to make comparisons on the 
basi of dlfferent trials but it appears that fortification with ugars is most effective both 
in improving flavour and, by increasing fermentation of stachyose, reducing flatulence. 
Viscosity may, however, be lower. A number of starter bacteria have been found uitable 
for fermenting soya mUl<, the ability to ferment ucrose being of prime importance. 
Commercial freeze-dried cultures of Lb. acidophilus, Lb. de/brueckii p. bulgarlcus and 
Str. salivarlus ssp. tbennophfJus were uitable, although strain variation may be 
expected. 
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8.2.6 End-product testing 

Chemical analysis of fermented milks is required to ensure that compo
sitional standards are met and that the product is of the correct level of 
acidity. Organoleptic properties, including consistency, are also of 
major importance. Instrumental methods can be used, in some cases, to 
determine physical parameters such as coagulum strength, but better 
results may be obtained using either a taste panel or skilled individuals. 

Microbiological analysis is used as a means of verifying the fermentation 
has proceeded correctly and that general hygiene standards have been 
satisfactory. 

8.3 CHEMISTRY 

8.3.1 Nutrients in fermented milks 

Most work on the nutritional status of fermented milks concerns 
yoghurt, and while other products are similar some variations occur. 
The fermentation process itself affects the levels of nutrients present, 
but to a considerable extent the nutrients present in the finished 
product reflect those of the starting milk. Skim milk yoghurt, for 
example, has a lower content of fat and fat-soluble vitamins than whole 
milk yoghurt, while the practice of fortifying starting milk with dried 
skim milk powder, or concentrating the starting milk, results in an 
increase in the content of proteins and other water-soluble constituents. 
Loss of heat-labile vitamins occurs during heating of the starting milk 
and differences in manufacturing practice may account for variations in 
the content of B-group vitamins. The species of milk used has an obvious 
effect and some contribution is made by added ingredients. There is 
thus considerable variation from one type of yoghurt to another. 

(a) Changes in nutrients resulting from fermentation 

Fermentation reduces the lactose content during yoghurt manufacture, 
although where starting milk is fortified or concentrated, the lactose 
content of the final product can be higher than in liqUid milk. 

In unfortified yoghurt the protein and total amino acid content and 
composition is similar to that of starting milk. Some casein degradation 
occurs, although the extent is small compared with cheese, accounting 
for no more than 1 % of the total protein. Some of the products of casein 
degradation are utilized by the starter micro-organisms while others 
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accumulate in the yoghurt as free amino acids. The quantities of free 
amino acids accumulating varies according to species being 33 mgt 
100 g in goats' milk yoghurt, 23 mgt100 g in cows' milk and 18 mgt 
100 g in ewes' milk. These quantities represent increases over the 
starting milk of 160, 400 and 500%, respectively. In cows' milk the total 
content of essential amino acids rises from 1.2 mgtlOO g to 4.77 mgt 
100 g with a particularly large increase in proline, followed by serine, 
alanine, valine, leucine and histidine. Levels of free amino acids continue 
to rise during storage as a consequence of continuing Lb. delbrueckii 
ssp. bulgaricus metabolism. A limited degree of lipolysis occurs during 
manufacture of yoghurt and other fermented milks. The extent varies 
according to the milk species, but both concentration and pattern of 
free fatty acids is affected. Small quantities of volatile fatty acids are also 
formed during fermentation and amino acid degradation. 

The activities of micro-organisms during yoghurt fermentation have 
important consequences for vitamin content, which are superimposed 
on differences due to composition of the starting milk and thermal 
processing. Vitamins are initially metabolized and then synthesized by 
starter micro-organisms. There is little net effect on levels of thiamine, 
riboflavin, nicotinic acid, pantothenic acid or biotin, although the two 
latter vitamins are usually slightly reduced in concentration, while 
others may be increased. Levels offolic acid are increased by ca. 100% 
and there is usually an increase in choline content. In each case the 
increase is largely due to synthesis by Str. salivarius ssp. thermophilus. 
Vitamin B12 is required by the Lb. delbrueckii ssp. bulgaricus and levels 
are reduced. 

(b) Effect of fermented milks on digestibility and bioavailability of 
nutrients 

Discussion of the nutritional properties of fermented milks can be 
complicated by the possibility of the product possessing specific 
therapeutic properties and both alleviation of lactose maladsorption and 
nutritional enhancement have previously been mentioned in this con
text (page 350). In addition fermented milks are recognized as being 
more digestible in the general sense and, in the case of yoghurt, the 
specific rate of protein digestion is twice that in raw milk. This stems 
partly from the partial breakdown of protein in the yoghurt and partly 
from the physical structure of its 'soft' coagulum. This is very different in 
nature to the clot which normally forms when milk enters the stomach 
and permits ready interaction between stomach enzymes and their 
substrates. 
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In the past it has been suggested that fermented milks increase the 
bioavailability of calcium and other minerals and trace elements. A 
systematic study with rats, however, showed that, in YOghurts with low 
lactose levels, the bioavailability of calcium, magnesium and zinc was 
reduced, although the reduction was of no dietary significance. Iron 
absorption was also less from yoghurt than from milk due to the 
shortened intestinal transit time, but bioavailability of phosphorus was 
greater in yoghurt. 

8.3.2 Flavour of fermented milks 

In many modern fermented milks, especially yoghurt, the flavour is 
derived from fruit and other additives and intrinsic flavour is of little 
Significance. In plain varieties, however, the characteristic flavour is 
largely derived from starter culture metabolites. A large number of 
compounds are produced which may contribute to flavour (Table 8.5), 
but lactic acid and the carbonyl compounds acetaldehyde and diacetyl 
are of overwhelming importance. Lactic acid is a major flavour compo
nent in all fermented milks and the quantity present may dictate 
acceptability, excess amounts resulting in flavour defects. The relative 
importance of acetaldehyde and diacetyl varies according to the starter 
culture used. In the case of yoghurt and similar products acetaldehyde is 
dominant, being detectable when the pH value of the yoghurt falls to 
5.0. Maximum levels are present at pH 4.2 and the compound stabilizes 
at ca. pH 4.0. Levels of acetaldehyde are increased by addition of milk 
solids and by milk heat treatments stimulatory to starter cultures (see 
page 354). Milk species also affects acetaldehyde production, highest 
levels being present in cows' milk yoghurt and lowest in ewes' milk. 
Some loss of acetaldehyde occurs during storage, especially when fat is 
present at only low levels. 

• The role of hydrocollolds, added to flavoured and some other fennented milks as 
stabilizers, in human nutrition is often overlooked, but Tamime and Robinson (1985) 
consider that this is .... an aspect of yoghurt consumption in industrialized countries that 
should not go unnoticed'. Hydrocolloids are often referred to as 'unavai.IAlble arbohy
drate'. They have no direct nutrient role, although some stabilizers are considered to 
have a role in depressing blood cholesterol levels. The major role in human nutrition 
terns from their properties as bulking agents. Stabilizers have been shown to stimulate 

Intestinal peristalsis and thus avoid some risks of colOnic malfunction; to absorb some 
potentially toxic m ic.robial metabolites fonned in the large Intestine and to delay the 
diffusion of nutrients to the cell wall. This latter factor is of particular ignificance to the 
lactose-intolerant and those prone to post·prandial hyperglycaemia since the rate of entry 
of lactose and glucose into the blood is reduced (Tamime, A.Y. and Robinson, RK. 1985. 
Yogbur~ Science and Technology_ Pergamon Press, Oxford). 



Chemistry 

Table 8.5 Flavour compounds of fermented milks 

Non-volatile acids 
lactic, pyruvic, oxalic, succinic 

Volatile acids 
formic, acetic, propionic, butyric 

Carbonylcotnpounds 
acetaldehyde, acetone, acetoin or diacetyl 

Miscellaneous 
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amino acids and/or constituents formed by thermal degradation of protein, fat 
and lactose 

From Tamine, A. Y. and Robinson, R. K 1985. Yoghurt: Science and Technology. 
Pergamon Press, Oxford. 

Diacetyl is present in organoleptically significant quantities only when L. 
lactis ssp. lactis biovar diacetylactis or Leuconostoc spp. is present in 
the starter culture.' Diacetyl is thus an important character impact 
compound in cultured buttermilk, some cultured cream and many 
Scandinavian ropy milks. The carbonyl acetoin, which is also present in 
significant quantities, is essentially tasteless, but can be oxidized to 
diacetyl. Although ethanol is formed by lactic acid bacteria, the quantity 
is very small and has little, or no, role in the flavour of most fermented 
milks. The obvious exceptions are the alcoholic fermented milks such as 
keftr and koumiss in which ethanol produced by yeasts contributes to 
the overall organoleptic characteristics. Yeasts such as Sacch. cerevisiae 
can also convert amino acids to volatile compounds through transamina
tion and decarboxylation reactions and it is probable that these volatiles, 
and esters and acetals arising from their reaction with ethanol, contrib
ute to the flavour of alcoholic fermented milks. In the case of keftr, 
variations in the type of yeast present in the granule may account for 
starter-related differences in flavour. 

The mould Geotrichum candidum develops as a non-starter organism 
in viili and plays a major role in the development of the characteristic 
flavour of that product. Growth of the mould is largely on the fat and 
free fatty acids and methyl ketones are important flavour compounds. 

Although the flavour of yoghurt is largely derived during fermentation, 
there can be a contribution from the milk and other ingredients of the 
starting mix. The milk species, for example, modifies the overall flavour 
perception, while Maillard products in poor quality milk powder may 
introduce flavour defects. Lactones are produced from fat during 
heating of whole milk yoghurt and may contribute to flavour as may the 
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formic acid-like compound responsible for stimulation of Lb. del
brueckii ssp. bulgaricus. 

8.3.3 Physico-chemical changes to milk constituents during 
yoghurt manufacture 

(a) Homogenization 

Homogenization affects the fat phase of milk which plays no direct role 
in formation of the yoghurt coagulum. The reduction of size, and 
increase in number, of fat globules resulting from homogenization does, 
however, modify the subsequent gel. In the fIrst place the adsorption of 
'small' fat globules onto casein micelles increases viscosity and the 
effective total volume of suspended matter. Secondly syneresis is 
decreased due to the increase in hydrophilicity of casein micelles as a 
result of protein : protein and casein : fat globule membrane interac
tions. There is also an additional effect resulting from denaturation of 
some proteins. 

(b) Heating 

Heating of yoghurt mix has an important technological role in modifying 
the properties of proteins and contributing to the formation of a stable 
coagulum. There is also a redistribution of calcium, magnesium and 
phosphorus ions between the soluble and colloidal form which tends to 
reduce coagulation time. 

The major direct consequence of heating on the proteins is the 
denaturation of the whey proteins and the interaction with K-casein. For 
a number of years it was thought that the interaction involved only 
~-lactoglobulin, but it is now recognized that ex-lactalbumin is also 
involved (Figure 8.4). A number of ultrastructural studies have been 
made and a number of workers have described the formation of a chain 
matrix of micelles which results in a fIne network of protein and an 
effective immobilization of the aqueous phase. In milk heated at 95°C for 
10 min ftlamentous appendages, apparently consisting of denatured 
~-lactoglobulin, were observed attached to the casein micelles. The 
appendages increased the fIrmness of the coagulum by inhibiting 
micellar contact and fusion but tended to 'diffuse' after fermentation. It 
is important to appreciate, however, that binding between whey 
proteins and casein is highly dependent on both pH value and the level 
of Ca2 + ions and that natural and normal variations can result in 
completely different casein micelles. 
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Figure 8.4 Interactions between casein and whey proteins during heating of 
milk. Based on Tamine, A.Y. and Robinson, RK 1985. Yoghurt: Science and 
Technology. Pergamon Press, Oxford. 

A further important effect of heating is the increase in hydrophilicity of 
the proteins which reduces syneresis and increases gel firmness. This is 
a consequence of the covalent attachment between K-casein and 
~-lactoglobulin which results in a new surface structure with fewer 
exposed hydrophobic groups. Maximal hydration is obtained by heating 
milk to 85°C for 30 min, the yoghurt produced after this treatment 
exhibiting true thixotropic behaviour. Increasing the severity of heat 
treatment further increases hydrophobicity and leads to syneresis and a 
poor quality yoghurt. 

(c) Coagulum formation 

The yoghurt coagulum is primarily of the acid type similar to that of 
acid-set cheese (page 324). There are important differences in that 
while syneresis is desirable in cheese manufacture for curd formation, it 
is undesirable in yoghurt and other fermented milks. In either case 
earlier theories of gel formation based on the concept of aggregation of 
the micelles following neutralization are considered over-simplistic and 
an alternative model based on simulated yoghurt manufacture has been 
developed. This involves the concept of the casein micelle as a 'skeleton' 
of (X.I-casein with bound ~-casein and amorphous calcium phosphate 
surrounded by a stabilizing layer of K -casein. As the pH value falls during 
fermentation amorphous calcium is released by acidification and com
plexation, but the 'skeleton' is retained. Disaggregation is followed by 
aggregation which is initiated by ~-casein as soon as the pH value is 
sufficiently low and the two major caseins carry opposite charges. 
Further lowering of the pH value is followed by contraction, when the 
~-casein becomes positive in charge and the (X'I-casein remains nega
tive, and ultimately, network formation. Rate of acidification is impor-
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tant in network formation, fast acid production leading to precipitation 
(cf acid casein). 

Later work has further increased understanding of acid gel formation, 
although many aspects remain to be resolved. An optical method 
involving light reflection was used to study acid milk coagulation and 
demonstrated a progressive structural rearrangement of proteins occur
ring as the pH value fell during fermentation. Beta- and K-casein were 
re-incorporated into the micellar framework, forces of hydration and 
electrical repulsion overcome and further attractions created that 
initiated formation of a three-dimensional protein network. This study 
was developed further, using milk acidified with glucono-b-Iactone, it 
being shown that the collapse of the hairy K-casein layer of the casein 
micelle at low pH value is the major factor leading to aggregation. At 
temperatures above 30°C this leads directly to aggregation, while at 
temperatures of I5-20°C micellar protein solubilization occurs fol
lowed, possibly, by re-incorporation of solubilized casein and aggrega
tion (Figure 8.5). 

The microstructure and physical properties of the yoghurt coagulum are 
affected by fortification of the starting milk and changes in the level of 
protein and the proportion of casein and non-casein nitrogen protein, 
the latter parameter being of particular importance in determi.nit;lg 
physical properties. A casein to non-casein protein ratio of 3.2-3.4: 1.0 is 
considered to give the highest quality coagulum, lower ratios resulting 
in a soft coagulum and syneresis and higher ratios in a rough, coarse 
coagulum. 

Damage by proteolytic enzymes has a deleterious effect on the yoghurt 
coagulum. Treatment of milk with bacterial proteases, which hydrolyse 
K-casein, resulted in a coagulum of increased firmness, syneresis and 
apparent viscosity, while plasmin, which hydrolyses ~-casein, resultep in 
reduced firmness, apparent viscosity and syneresis. In each case the 
coagulum had a lower water holding capacity and degree of hydration. 

Hydrocolloids are added to some fermented milks as stabilizers and act 
by forming a network of linkages between milk constituents and 
themselves. This property arises either from the presence of a salt able 
to sequester Ca2+ ions or from the presence of negatively-charged 
groups such as hydrogen or carbonyl radicals. Water binding capacity of 
the coagulum is increased by stabilization of the protein network to 
retard free movement of water, increasing the level of hydration of 
constituents (primarily proteins) and binding of the water of hydration. 
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Figure 8.5 Sequence of events during formation of the yoghurt coagulum. 
Redrawn with permission from Banon, S. and Hardy, J. 1991.Journal of Dairy 
Science, 75, 935-41. 

Although fat has no direct role in coagulum formation, work with filled 
dairy gels showed fat globules to be interdispersed in the protein 
network and to increase firmness by hydrostatic restriction of the 
network adjacent to globules. The situation in fermented whole milk 
products may be similar. 

Nodulation is a serious fault in yoghurt, which appears to be associated 
with proteins. Nodules contain ca. 82% protein and ca. 4% phosphorus, 
but compared with the surrounding coagulum have only traces of fat 
and lactose. Electron microscopy has shown the nodules to be of a 
definite, smooth-surfaced compact structure and to have no contact 
with the casein of the coagulum network. Formation is associated with 
Lb. delbrueckii ssp. bulgaricttS in the starter culture and also with a high 
whey protein content, it being postulated that associated changes in 
micelle structure are a predisposing factor to nodule formation. 
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8.3.4 Role of microbial slime formation in the structure of fer
mented milks 

In yoghurt slime producing strains of Str. salivarius ssp. tbennopbilus 
play an important role in stabilizing the protein network. Extracellular 
polysaccharides are probably of greatest importance, although lipo
techoic acid may also be involved. The nature of the extracellular 
polysaccharide varies from strain to strain and while several workers 
have reported that glucose and galactose are major constituents, the 
ratios of the two sugars vary. The amino sugar N-acetylgalactosamine has 
been reported and small amounts of arabinose, mannose, rhamnose and 
xylose may also be present. A distinct type of extracellular polysaccha
ride composed of rhamnose and galactose in the ratio 1:1.47 has also 
been isolated from a commercial yoghurt culture. 

Electron microscopy has shown starter micro-organisms to be present 
in 'pockets' in the yoghurt coagulum, with filaments of polysaccharide 
attaching the organisms to the coagulum network (Figure 8.6). 

The role of slime in determining the viscosity and texture is more 
obvious in the case of Scandinavian ropy milks. There does, however, 
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Figure 8.6 Relationship between starter micro-organisms and the yoghurt 
coagulum. Cells of starter micro-organisms (a) are attached to each other and to 
the yoghurt structure by gum-like polysaccharide filaments. 
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appear to be a considerable variation in the nature of the slime. The 
major component of slime produced in the Swedish langfil, for example, 
was a deacylated lipotechoic acid and surface-exposed lipotechoic acid 
was also conSidered to be involved in slime formation in villi. Slime 
forming strains of L. lactis ssp. lactis have been shown to have fewer 
membrane antigens and to possibly have defects in cell wall biosynthe
sis. 

Slime production by other starter strains examined involves products 
such as phosphopolysaccharides. Analyses of slimes have tended to 
produce differing results, probably as a consequence of different 
analytical methods but a slime comprising 47% protein and 29% 
carbohydrate has been considered fairly typical. A novel phospho
polysaccharide from L. lactis ssp. cremoris has been described which 
comprised 21 % protein and 42% carbohydrate and had a carbohydrate 
to phosphorus ratio of 5.2:1. The major sugars were rhamnose, glucose 
and galactose in the ratio 1:1.45:1.75, the slime carrying a negative 
charge and being able to form complexes with protein. 

The characteristic texture of ropy milks results from a network of slime 
which enmeshes the cells of the starter micro-organisms and links 
protein micelles to form casein conglomerates. The rheological proper
ties of the bacterial slime are superimposed on those of the milk protein 
coagulum. 

8.3.5 Chemical analysis of fermented milks 

(a) Ingredients 

Testing is required to ensure that the milk is free of antibiotics (see 
Chapter 2, page 86) and, where the milk is to be concentrated or 
fortified, determination of the total solids content permits accurate 
control of the solids content of the mix. The fat content of milk should 
also be determined during manufacture of whole milk products, or for 
standardization. The increasing popularity of goat and ewes' milk 
products and the relative scarcity and high price of the starting milk 
means that partial substitution with cows' milk is a possibility. In cases 
where the provenance of the milk is not known the species may be 
determined using EliSA based techniques. 

The quality of skim milk powder can directly affect the quality of the 
finished product and chemical analysis is reqUired (Table 8.6). Where 
milk is concentrated before fermentation, the concentration process 
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Table 8.6 Chemical analyses required for skim milk powder used in fortifica
tion of starting mix for fermented milk production 

Acidity 
Fat content 
Moisture 
Scorched particles 
Solubility 

and the finished product should be controlled as outlined in Chapter 3, 
page 111. 

(b) End-product testing 

The total solids and fat content should be determined to verify that 
compositional standards have been met and it is usual to verify the pH 
value. It is also common practice to ensure that the product is of the 
required physical characteristics. Viscosity is of greatest importance and 
may be determined by a number of methods with stirred and fluid 
products. Viscometers provide the most accurate measurement, but 
non-instrumental techniques are acceptable providing that conditions 
are standardized. Such methods include flow rate through a tube or 
down an inclined plane, or time for a sphere or plummet to pass down a 
cylinder containing the product. In very small-scale operations subjec
tive techniques such as spooning are adequate providing personnel are 
experienced. 

Set products are more difficult to assess since many methods applicable 
to stirred destroy the set coagulum. Falling sphere methods are suitable 
but the most satisfactory results are obtained using a penetrometer. 

8.4 MICROBIOLOGY 

8.4.1 Fermented milks as an environment for micro-organisms 

Fermented milks, in general, are of low pH value and high lactic acid 
concentration and are thus a highly selective environment favouring the 
growth of yeasts and moulds as spoilage micro-organisms. For this 
reason sorbate and benzoate are permitted preservatives in some 
countries, but their effectiveness may be limited by the emergence of 
resistant strains. Secondary selective pressure is exerted by oxygen 
availability which restricts the development of moulds and non-
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fermentative yeasts, while the addition of added sugars favours the 
growth of fermentative yeasts. The solute level in some cases is 
sufficiently high to produce a small, but significant, lowering of the aw 

level. This is not sufficient to restrict the growth of yeasts or moulds, 
although the behaviour of starter micro-organisms may be affected (see 
page 356). The addition of humectants to lower the a w level further has, 
however, been investigated as a means of extending the storage life of 
yoghurts. Low-fat yoghurts appear to be less suitable as a growth 
medium than full-fat, but the reason is not known. 

8.4.2 Fermented milks and foodborne disease 

Fermented milks are only rarely associated with foodborne disease, 
although consumption of products such as yoghurt containing a large 
number of yeasts can lead to digestive disturbances. The pH value of 
fermented milks is too low, and the lactic acid concentration too high, 
to permit the growth of vegetative pathogens and death of non-growing 
cells is likely to be rapid. Campylobacter, for example, is rapidly killed 
in the presence of lactic acid, while Salmonella is usually considered to 
be destroyed, or inactivated, in fermentations where the lactic acid 
concentration exceeds ca. 1% and the pH value is lower than 4.55. 
Caution is required, however, since the results of survival experiments 
may, for a number of reasons, be highly variable. Investigations into the 
survival of Listeria monocytogenes, for example, an organism usually 
considered to be sensitive to lactic acid, in yoghurt have variously 
shown that death is very rapid, or that the organism persists for 3-9 days 
at pH 4.1 depending on inoculum level. It is also necessary to consider 
that habituation to acidic conditions may permit enhanced survival of 
organisms such as Salmonella, while the increasing trend to 'mild' 
products buffered at a relatively high pH value inevitably increases the 
possibility of survival of vegetative pathogens. It is not possible, 
therefore, to depend on pH value and lactic acid content to ensure the 
safety of fermented milk: products and heat treatment of starting milk: 
and protection from recontamination are considered essential for safety. 

An outbreak of botulism due to consumption of hazel-nut yoghurt 
during 1989 provided an exception to the otherwise very good safety 
record of fermented milks. 

The underlying cause, however, lay not with the yoghurt making, but 
underprocessing of the canned hazel-nut puree used to flavour the 
yoghurt and subsequent growth and toxigenesis by Clostridium botuli
num in the puree. Process parameters used were based on requirements 
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BOX 8.5 Every physician hath his favourite disease 

The outbreak of botulism associated with hazel-nut yoghurt was 
the largest in the UK One of the characteristic features of the 
outbreak was the large number of cases where diagnosis was 
seriously delayed. This may be partially attributed to the atypical 
symptoms, which included sore throat, drowsiness and fever. At 
the time, however, there was both considerable publicity given to 
the outbreak and a climate of major public concern over food
borne disease in general. A number of patients raised the possibil
ity of botulism, but despite this hospitalization was delayed by up 
to 2 weeks by the refusal of medical practitioners to diagnose the 
disease. 

for fruit of significantly lower pH value than hazel-nut and no account 
was taken of the effect of substituting aspartame for sucrose. Control 
procedures at the yoghurt plant were, however, inadequate and a lack of 
visible spoilage was taken to indicate the safety of individual cans, 
despite the fact that on an overall basis the number of 'blown' cans was 
high. 

8.4.3 Spoilage of fermented milks 

Most work concerning the spoilage microbiology of fermented milks has 
been concerned with yoghurt. Most fermented milks, however, have a 
similar spoilage pattern and yoghurt may thus be generally considered 
representative. For obvious reasons most attention is given to recog
nized spoilage organisms such as yeasts, but it is also important to 
appreciate the role of the starter microflora in deterioration of organo
leptic quality in the absence of overt spoilage. Numbers of starter 
micro-organisms remain in excess of 108 cfulg for long periods at 
temperatures 10°C or less, but numbers can decline rapidly at higher 

• Lactobacillus delbrueckil p. bulgarlcus is responsible for undesirable changes during 
torag and a number of means of prevention have been suggested. These include 

pre· growth of Lb. delbrueckii ssp. bulgarlcus followed by thermal inactivation and 
inocuJation with Sir. sa.livarius ssp. thennophilus and the use of a membrane dIaly is 
fermenter. In thi sy tern the two starter component are cuJtured separatdy, the 
culture being dialy ed again t ea.ch other in hollow ceUulose acetate fibres to permit 
interchange of timulatory compounds. ThIs technique, which is currently developed to a 
laboratory scaJe only, has al 0 been applied to production of cultured buttermilk (Klaver 
F.A.M. et al. 1992. Netherlands Milk a,!d Dafry]ournal, 46,31-44). 
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temperatures. Continuing post-fermentation metabolism by starters can 
limit life due to excess acidity and proteolytic activity resulting in 
bitterness and synereSis. Bitterness may also result from the death of 
starter micro-organisms possibly due to the release of proteolytic 
enzymes. 

Yeasts are the most important spoilage organisms and are most com
monly associated with fermentation leading to gas production. Such 
spoilage is readily recognized by 'doming' of foil lids and even burst 
containers. Genera such as Kluyveromyces marxianus and Saccharo
myces spp. are most commonly involved involved in fermentative 
spoilage and YOghurts containing added sugars are usually affected. Fruit 
purees contaminated by unsatisfactory handling procedures are often 
considered to be the major source of contamination, although 
chocolate-flavoured yoghurt is also highly susceptible to fermentative 
spoilage. 

Oxidative yeasts are also important spoilage organisms in yoghurt. 
Growth is limited by availability of oxygen and may be restricted to the 
air/yoghurt interface. In such cases moist, flat colonies, or a film of 
growth may develop. Thin walled polystyrene containers, however, 
permit sufficient air to enter the pack to support the growth of oxidative 
yeasts in the bulk of the yoghurt. In such circumstances oxidative yeasts 
predominate near the pack walls and fermentative yeasts in the centre of 
the pack. A wide range of oxidative yeasts have been isolated from 
yoghurt including species of Candida, Debaryomyces, Metschnikowia, 
Pichia, Rhodotorula, Torulaspora, Trichosporon and Yarrowia. 

Mould growth at the yoghurt/air interface leads to development of 
visible mycelial 'mats' or 'buttons'. A wide range of species have been 
isolated including Absidia, Alternaria, Aspergillus, Micelia, Monilia, 
Mucor, Penicillium, Pullaria and Rhizopus. Aspergillus is of particular 
significance as isolates have included aflatoxin-producing strains of A 
flavus. Although moulds are usually of secondary importance to yeasts, 
mould growth is sometimes a more Significant problem in YOghurts held 
for extended periods at temperatures of ca. O°C before transfer to retail 
display. 

8.4.4 Microbiological analysis 

Microbiological analysis is employed in manufacture of fermented milks 
to ensure that starter culture components are present in the correct 
proportions. This is of particular importance in yoghurt where there is a 
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symbiotic relationship between the two components. A ratio of Lacto
bacillus to Streptococcus of 1: 1 is theoretically required in the yoghurt 
starter, although, in practice, the greater tendency of chains of Strepto
coccus to break up is compensated for by use of a ratio of 1 :2.7. The 
relative numbers may be determined by colony count, the commercially 
available L-S differential medium, which permits differentiation between 
Lactobacillus and Streptococcus on the basis of colonial morphology, 
reduction of tetrazolium trichloride and hydrolysis of casein being most 
suitable. Colony counts are, however, time consuming and direct 
microscopic examination, which provides information directly before 
use is more common. 

Enumeration of starter organisms is also used in end-product testing as a 
means of assessing freshness at point of sale. Yoghurt should contain 
both str. salivarius ssp. thermophilus and Lb. delbrueckii ssp. bulgari
cus at numbers in excess of 108 cfu/g to be considered satisfactory, 
colony count techniques being considered most appropriate at this 
stage. 

A selective medium for Bifidobacterium is required to monitor num
bers in 'therapeutic' fermented milks. The reference medium contains 
neomycin, paromomycin, nalidixic acid and lithium chloride as selec
tive agents, but preparation of this medium is difficult and for routine 
use an alternative based on lithium chloride and sodium propionate is 
preferred. 

End product testing for non-starter micro-organisms is usually restricted 
to determination of colony count on a non-carbohydrate containing 
nutrient agar and enumeration of yeasts. Yeasts may be enumerated by 
colony count, preferably using a neutral pH selective medium such as 
Rose Bengal-chloramphenicol (RBC) agar, or by a modified direct 
epifluorescent technique. The number of yeast present immediately 
after production, however, is very low and the predictive value of 
enumeration at this stage is often poor. Ad hoc methods involving 
pre-incubation at 25 or 30°C are used by some producers. 

Colony counting methods using media such as RBC can also be used for 
enumeration of moulds, but are notoriously inaccurate. An enzyme
linked immunosorbent assay method has been described, which has 
much improved predictive value. Application of such methods, how
ever, is limited by availability of suitable antisera. 

Although microbiological standards for fermented milks sometimes 
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include Staphylococcus aureus, examination for specific pathogens is 
not considered necessary under normal circumstances. Determination 
of 'coliforms' may be used as a means of assessing post-process 
contamination. Death of the organisms due to the acidic conditions 
means that determinations must be made immediately after packaging 
and results interpreted with caution. 
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EXERCISE 8.1. 

In many countries the legislative situation concerning therapeutic 
yoghurts is poorly defined and even where legislation exists it is 
usually based on the number of starter organisms present at the 
end of the recommended storage life. Do you consider this to be 
sufficient to protect consumers, or should more stringent criteria 
be applied? Do you consider the evidence supporting therapeutic 
activity to be sufficient to allow claims concerning this activity to 
be made on packaging or in advertising? 

EXERCISE 8.2. 

It is possible to gel milk (sweet curdling; cf page 74) by use of 
starches and other hydrocolloids. Consider the structure of gels 
produced by starches and pectins, both widely used in yoghurts. 
What interactions with the acid gel are likely? What are the 
consequences of interactions for the stability and texture of 
yoghurt? 

Information concerning the structure of hydrocolloid gels may be 
obtained from Oakenfell, D. 1987. CRC Critical Reviews in Food 
Science and Nutrition, 26, 1-25. 

EXERCISE 8.3. 

You are employed as a microbiologist for a company manufactur
ing yoghurt, primarily for sale under supermarket own-labels. In 
response to publicity concerning food poisoning, the Chief Food 
Technologist of a major customer has demanded that end-product 
tests on yoghurt should include examinations for enterohaemor
rhagic Escherichia coli (0157: H7), Listeria monocytogenes, 
Salmonella and Shigella. You consider this demand to be absurd 
and are asked by your management to produce a paper supporting 
your position. Do you consider that monitoring of any of these 
organisms in the environment of the plant would be justified as 
part of your HACCP-based safety management system? 
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ICE CREAM AND 

RELATED PRODUCTS 

OBJECTIVES 

After reading this chapter you should understand 
• The nature of ice cream and related products 
• The role of the various ingredients 
• The calculation of recipes 
• The processing technology 
• The major control points 
• Physico-chemical changes during processing 
• The structure of the final ice cream 
• Microbiological hazards 

9.1 INTRODUCTION 

The creation of iced desserts, by mixing snow with fruit and fruit juices, 
is an ancient culinary practice which probably originated in China. Iced 
desserts appear to have been introduced to Europe in the late 13th 
century, but for over 500 years were made only as novelties for the 
overfed aristocracy. Larger-scale manufacture, and sale in restaurants, 
began in the 19th century with the invention of a hand-operated ice 
cream maker and the growth of an a1lluent middle class. Wholesale 
manufacture began in 1851 after which the industry expanded rapidly, 
especially after the introduction of mechanical refrigeration and the 
development of power operated ice cream making equipment. 

Ice cream comprises a number of related products, which primarily 
differ in the relative quantities of ingredients rather than in manufactur
ing technology (Table 9.1)' Terminology varies somewhat in different 
countries, but a working classification is possible. 

Ice cream is commercially the most important and contains fat and milk 

A. H. Varnam et al. (eds.), Milk and Milk Products
© Alan H. Varnam and Jane P. Sutherland 1994
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Table 9.1 Typical composition of ice cream and related products 

Fat MSNF1 Sugar Emulsifier/stabilizer 
(%) (%) (%) (%) 

Ice cream 
standard 10 11 14 0.5 
premium 15 10 17 0.3 
super premium 17 9.25 18.5 

Milk ice 4 12 13 0.7 
Sherbet 2 4 25 0.6 
Water ice 30 0.5 

1 Milk solids-non-fat. 

solids-non-fat in accordance with legislation. Legislation varies consider
ably, but minimum requirements in the UK are listed in Table 9.2. 
Minimum quantities are commonly considerably lower than those used 
in commercial practice. In many countries non-dairy fat is not permitted 
in ice cream and products made with non-dairy fats must be described 
by an alternative name such as, in the US, mellorine. The only European 
Community countries which permit the use of non-dairy fats in ice 
cream are Iceland, Portugal and the UK In these countries the term 
'dairy' ice cream is applied where all the fat is milk fat. 

Milk ice is made from milk, usually without added fat. Non-dairy fat is 
not permitted and in most countries a minimum fat content of 2.5-3.0% 
is stipulated. 

Parev ice (Kosher ice cream) usually has a stipulated fat content of 10% , 
but must contain no dairy fat or any other milk derived ingredient. 

Custards are made with eggs or egg yolk solids and in the US must 

Table 9.2 United Kingdom product standards for ice cream 

Ice cream 
Ice cream and fruit 

or 

1 Milk solids-non-fat. 

Minimum fat 
(%) 

5.0 
5.0 
7.5 

Minimum MSNF1 

(%) 

7.5 
7.5 
2.02 

2 In this case the minimum content of milk fat and milk solids-non-fat must be 
12.5%, expressed as a percentage of whole product including fruit, fruit juice, 
etc. 
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BOX 9.1 Taken from the French 

Custards are sometimes described as 'French ice cream' or 'French 
custard ice cream', but differ from the genuine French product, 
glace aux oeufs, which must contain at least 7% egg yolk solids. 
Traditional milk ice, containing cornflour, may also be described, 
incorrectly, as 'custard'. 

contain at least 1.4% (w/w) egg yolk solids. 

A number of other frozen products exist which contain little, or no fat or 
dairy ingredient. These, however, are marketed alongside ice creams 
and generally considered to be part of the same product group. 

Water ice is made from dilute fruit juice with sugar and added acid. 
Stabilizer and added colours and flavours may also be present. Water 
ices may be frozen with, or without, incorporation of air and may be 
hard frozen or retailed as a semi-frozen slurry (e.g. Slush puppyTM). 
Water ice hard frozen onto a stick is referred to as an 'ice lolly' in the UK 
and may be combined with ice cream as a 'split'. 

Sherbets and Sorbets are both similar to water ice, but contain small 
quantities of milk solids and, in some cases, whipping agents to give a 
higher overrun. 

Low fat frozen desserts are a complex group of products. Most are 
formulated to have similar properties to conventional ice cream, but 
have a fat content below the legal minimum permitted in ice cream. A 
complex stabilizer system is required to provide body. Intense sweeten
ers, such as Aspartame™, and fat replacers, such as Simplesse™, may be 
used . 

• Aerated desserts such as mousse ace of imilac composition to ice cream, but the 
structure is stabilized by high levels of tablllzer rather than by freezing. In the past 
mousses have been retailed as chilled products, but the usc of VHT sterilization, in 
conjunction with aseptic packaging bas permitted the development of the 'ambient 
mousse' using nitrogen as aerating agent to minimize oxidative deterioration. Products of 
this nature ace important in allowing ice cream makers to more fully utilize production 
plant outside the peak summer season and to reduce dependence on a hot summer to 
stimulate sales. Equally some dairies have installed aerating equipment to enable mousse 
production as a mean of extending product range and adding value to rnilk.. 
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In recent years, large quantities of ice cream have been sold in bulk 
packs, although sales of hand-held products such as wafer bars and 
comets are still significant. Ice cream is also an ingredient of novelty 
products such as ice cream cakes and pies. The market has been 
dominated by 'standard' quality ice cream, 85% of that sold in the UK 
during 1991 being made with non-dairy fat. Three separate trends, 
however, are having a significant effect on the ice cream market; the 
development of 'premium' and 'super-premium' ice cream, the develop
ment of ice cream-based versions of chocolate confectionery bars and 
the production of low-fat, low-calorie, 'healthful' ice cream-like prod
ucts (frozen desserts ). 

'Premium' and 'super-premium' ice cream were originally developed in 
the US, but is now available in the UK, where development has been 
stimulated by a Milk Marketing Board initiative encouraging the use of 
fresh cream. Such ice creams are seen as products for the adult market, 
the main target group being ABC 1 23-24 year olds. The growth of this 
sector is illustrated by the UK ice cream sales during 1991, when total 
sales fell by 5%, but sales of premium category products rose 11.5%. 

BOX 9.2 By their fruits ye shall know them 

The terms 'premium' and 'super-premium' are not legally defmed, 
however 'premium' may be considered to have 14-16% butterfat, 
an overrun of up to 70% and to contain stabilizers. 'Super
premium' is considered to have 16-18% butterfat, an overrun no 
greater than 30% and to contain no stabilizer or emulsifier (in 
contrast the overrun of 'standard' quality ice cream may be as great 
as 120% and require both emulsifiers and stabilizers. Both 'pre
mium' and 'super-premium' ice cream are also characterized by 
'extravagant' flavour combinations and the use of added ingredi
ents such as whole nuts, shortcake, etc., to provide textural 
contrasts. Vanilla flavours such as vanilla pear or vanilla fudge 
remain most popular, other flavours tending to fall into two 
categories; 'brown combinations' such as butterscotch brittle, 
coffee fudge and peanut butter bites; and 'fruited varieties' such as 
strawberry cloud, blueberries and cream and banana crunch. Ice 
creams of this type are considered to extend the total ice cream 
market rather than to compete with existing 'standard' quality ice 
cream. 
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Ice cream-based chocolate confectionery bars have taken a significant 
share of the market for hand-held products. Ice cream of this type was 
introduced by a multinational confectionery manufacturer, who suc
cessfully exploited brand loyalty by use of existing product names. 
Established ice-cream makers have now entered the market, but gener
ally lack existing brand names and have to establish identity for each 
product. A similar use of brand extension is now being made in the iced 
lollipop market with a product derived from a popular brand of fruit 
flavoured sweets. 

'Healthful' frozen desserts follow a well established trend, although 
product development has been given an impetus by the availability of fat 
replacers and, where permitted, new artificial sweeteners. 'Healthful' 
products are, to some extent, complementary to 'premium' and 'super
premium' ice cream, which tend to be eaten as a treat. Strong competi
tion, however, comes from related dairy products such as frozen 
yoghurt. 

9.2 TECHNOLOGY 

9.2.1 Basic ice cream products 

The basic technology of ice cream production is summarized in Figure 
9.1. 

(a) Ingredients 

Ingredients of ice cream and their functions are summarized in Table 9.3. 

Table 9.3 Ingredients of ice cream and their principal functions 

Ingredient Principal junctions 

Fat 
Milk solids-non-fat 

Sugar 
Flavouring 
Colouring 
Emulsifiers 
Stabilizers 

Value·added 
ingredients 

Provides flavour, body, texture and mouth-feel 
Provides body, texture and contributes to sweetness 
and air incorporation 
Provides sweetness and improves texture 
Provides non-dairy flavours 
Improves appearance and reinforces flavours 
Improve whipping quality and texture 
Improve mix viscosity, air incorporation, texture and 
melting qualities 
Provide additional flavour and enhance appearance 
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Ingredients 

+ 
CCP2 

Formulation CCP2 

+ Mix 

+ Heat treatment CCP1 

+ 
HOmOgrization 1 CCP2 

Cool and age 

+ 
CCP2 

Freeze CCP2 

CCP2 Value added ingredients ---..! 
Paek CCP2 

+ Harden CCP2 

+ Distribution CCP2 

(setee) CCP2 

Figure 9.1 Basic process: manufacture of hard ice cream. 1 Emulsification may 
be used as an alternative in small-scale systems. 

In each case a wide range of materials will fulfil the ingredient function. 

Whole fresh milk is the most suitable source of both fat and solids-non
fat (SNF) and gives a better flavour than more highly processed sources. 
The fat and SNF content, although adequate for milk ice, requires 
supplementation for ice cream. Concentrated whole milk is increasingly 
used but results in a slight 'processed' flavour. 

Fresh cream is the most suitable of concentrated fat sources and imparts 
a rich character to the end product. Fresh cream, however, is highly 
perishable and expensive. Plastic cream and frozen cream may also be 
used, but the end-product is of rather lower quality. A good quality ice 
cream may be made from butter, sweet cream, unsalted being most 
suitable, or anhydrous milk fat. Use is also made of milk fat fractions (see 
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page 256), which have the additional advantage of being associated with 
phospholipids such as lecithin. Milk fat fractions can be 'tailored' to suit 
specific applications and wider use may be anticipated especially for 
speciality ice cream. The use of low-cholesterol milk fractions in dietary 
ice cream has also been proposed. 

Milk fat promotes desirable textural properties, contributes a subtle 
flavour and is a good synergist for added flavours, although there is some 
lowering of the whipping rate. As such milk fat is used for higher quality 
ice creams, but acceptable quality ice cream may be made from 
vegetable fats. Coconut, palm, palm kernel or, less commonly, cotton
seed and soya oil are used, either singly or as a blend. The oil is partly 
hydrogenated to produce a fairly sharp major melting peak at 28-30°C. 
It is also necessary to ensure that all of the fat is melted below 37"C to 
avoid a persistent 'fatty' mouth-feel. 

Fat replacers are now available which replace all, or part of the fat while 
retaining the essential creaminess and body. Up to 50% of milk fat may 
be replaced by maltodextrin of less than 3 dextrose equivalents, derived 
from rice (low dextrose equivalent rice-solids), while complete fat 
replacement is possible with Simplesse™. 

Solids-non-fat may be also obtained from a number of sources in 
addition to milk and that contributed by cream or other fat source. In all 
cases protein is the key component, functional activities being water 
binding and emulsification. Concentrated milk is very widely used and 
increasing use is being made of concentrated whole milk. Sweetened 
condensed milk has been popular in the past, but is difficult to handle 
and can give ice cream of a rough texture due to lactose crystallization. 

Spray dried skim milk powder is used by many ice cream manufacturers 
and has the advantage of a relatively long storage life under good 
conditions. Medium heat powder (see page 132) is most suitable with 
respect to emulsification, foaming and water absorption. Whole milk 
powder may also be used as a source of both SNF and butter fat, but is 
highly prone to oxidative deterioration, which adversely affects the 
quality of the end-product. Ice cream may also be produced with dried, 
sweet cream buttermilk, which improves the whipping qualities and 
enhances flavour. 

• Coconut, palm and palm kernel oU resemble milk fill in containing a rdatively high 
proportion of saturated C' 2 to C' 6 fany acids. These oils are prefc:rred from a technical 
viewpoint since: a high proportion crystallizes during ageing. This produces an ice: cream 
of better eating quality and good storage stability. 
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Whey protein products are of increasing interest as sources of SNF. 
Whey powder can be used successfully as a partial replacement for skim 
milk powder, although the quantity used is limited by the high mineral 
content, which results in excessive saltiness, and the high lactose 
content, which can lead to lactose crystallization. These problems may 
be overcome by use of demineralized, delactosed whey powder, 
although this product is expensive. Lactose-hydrolysed whey can be 
used to replace up to 75% skim milk powder and contributes to product 
sweetness. Ice cream produced using lactose-hydrolysed whey has a soft 
texture popular with consumers. A further possibility is to use whey 
protein concentrates. The use of whey products in ice cream has been 
associated with atypical flavours and it is essential that material used 
must be of the highest quality. 

A number of proprietary sources of SNF are now available comprising 
blends of skim milk powder, whey powder and, in some cases, casein. 
These products are of greater convenience during formulation, but offer 
no technological advantage over SNF blended in-house. 

Extensive use of dry ingredients involves rehydration in water. The 
ingredient role of water in some ice cream is often overlooked, but it is 
necessary to ensure that water is of satisfactory chemical and microbio
logical quality. 

Dairy SNF contributes towards sweetness, but is insufficient and addi
tional sweetener is required. The quantity added is largely dictated by 
market preferences but sugars also play an important role in producing 
body and texture. Sucrose is still the most widely used sweetener and 
may be used alone, or in combination. The sugar is relatively cheap and 
available either in granulated or crystalline form, or as a syrup. 

Hydrolysed corn sweeteners are also available in either a powder, or as a 

• The increasing cost of conventional sources of solids·non·fat has stimulated interest in 
alternative . Considerable promise is hown by ultrafiltration retentates which, used at 
25%, produce an ice cream of better body, flavour and texture than whey protein 
concentrate and which has very good storage quality and heat shock stability (Lee, F.Y. 
and White, C.H. 1991.]ournal of Dairy Science, 74, 1170-80) . 

• In many ways syrups are more convenient to handle than granulated or crystalline 
sugar. However the high viscosity at low temperatures means that syrups must be 
handled at 35-45°C, careful control of the upper temperature being required to prevent 
deleterious changes to colour and flavour. Mould and yeast growth on the upper surface 
of syrup may be a problem and requires special precautions such as filtration and 
ultra· sterilization of the air in the headspace of the storage tank. 
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syrup, the composition of the powder reflecting that of the syrup from 
which it was prepared. Corn syrups contain a variable quantity of 
dextrose, maltose and dextrins and are often used at a level of 30% in 
conjunction with sucrose. Corn syrups improve the body of ice cream, 
but properties vary according to the degree of hydrolysis and thus the 
dextrose equivalent. In general terms, increasing the dextrose equiva
lent leads to a decrease in mix viscosity, freezing pOint, fat destabiliza
tion and ftrmness. Corn syrups reftned by ion-exchange tend to produce 
a better quality ice cream than syrups reftned by carbon ftltration. 

More specialized sweeteners derived from corn starch are ftnding 
increasing application in ice cream manufacture. Dextrose is of value in 
preventing build-up of ice crystals and in suppressing lactose crystalliza
tion and, like high fructose corn syrup markedly lowers the freezing 
point and is suitable for use in the manufacture of ice cream for service 
direct from the deep freeze. High fructose corn syrup is also of 
importance in the manufacture of dietetic ice cream, while some 
manufacturers consider high maltose corn syrup to be of value in 
producing an ice cream of good body and flavour. 

Lactose-hydrolysed whey products are now widely and cheaply avail
able and the successful substitution of up to 50% of sucrose with 
hydrolysed and hydrolysed-isomerized syrups from whey ultraftltration 
permeate has been demonstrated. This use would appear to comple
ment the use of whey ultraftltration retentate as a source of SNF. 

Although artiftcial sweeteners are forbidden as ice cream ingredients in 
many countries, their use is permitted in the related frozen dairy 
desserts. The use of artiftcial sweeteners presents difficulties in that, 
unlike sugars, there is no beneftcial effect on body and texture, resulting 
in a product that is crumbly, coarse and flaky. Attempts have been made 
to overcome this problem by the use of bulking agents such as 
polydextrose and maltodextrin, but none are fully satisfactory and some 
may even lead to intestinal disturbances. An alternative approach is to 
raise the SNF content, but this is likely to lead to lactose crystallization. 
Enzymatic hydrolysis of lactose in the SNF using B-galactosidase has, 
however, been successfully used in the formulation of Aspartame™ 

• The manufacture of sophisticated ice cream products, such as confeCtiOnery bars, often 
require Ilighly peciaJizcd ingredient . A high maltose·dextrose syrup is used as 
sweetener in Mars 1·M frozen confections and provides good body without excess 
sweetness, provides stability against crystallization and maintains the high melting point 
required in hand held Ice cream (Jackson, B. 1991. Food ProceSSing, AprU, 25-6). 
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Table 9.4 Types of stabilizer 

Protein l 

gelatin 
Seaweed derivatives 

carrageenan (Irish moss, Chondrus crispus) 
alginates (Laminaria ssp.) 
agar-agar (Gelidium amansi) 

Cellulose derivatives 
carboxymethyl cellulose 
microcrystalline cellulose 

Gums 
guar (Cyamopsis spp.) 
locust (Carob, Ceratonia silqua ) 
xanthan (Xanthomonas campestris) 

1 Proteins derived from other ingredients have some stabilizing activity, 
especially if mix is UHT processed. 

sweetened frozen dairy desserts. The reaction products, glucose and 
galactose, reduce the quantity of added sweetener required, but 
increase the number of calories in the product. 

Stabilizers are used in virtually all ice creams except super-premium, 
and improve mix viscosity, air incorporation and the body, texture and 
melting properties of the finished ice cream. Stabilizers also increase 
perceived creaminess and minimize the effects of temperature varia
tions during storage (heat-shock). The amount and type vary according 
to the composition of the mix, the nature of other ingredients, process 
parameters and projected storage life. In general terms, mixes of high 
solids content, processed by UHT require less stabilizer than mixes of 
low solids content processed by HTST pasteurization. 

A wide range of materials have been used as stabilizers (Table 9.4). 
Seaweed derivatives, especially carrageenan and alginate, are widely 
used, carrageenan being effective in preventing precipitation of whey 
proteins ('wheying-off) and syneresis which occurs with some stabiliz
ers. Propylene glycol alginate has a good stability to acids and is also 
highly effective in mixes processed by HTST pasteurization. 

• Carrageenan has been reported to be a cause of ulcerative colitis and hyperplastic 
changes in the gastric mucosa Carrageenan has been shown to enter the tissues of 
experimental animals and may have: tumour-enhancing properties. During experimental 
work, however, carrageenan was supplied as a fluid and it is possible that these findings 
do not apply when carrageenan is ingested as part ofa food (Marcus, R. and Watt,J. 1981. 
Lancet, I, 338). 
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Cellulose derivatives are also widely used in ice cream. Carboxymethyl 
cellulose is most common and produces a dry ice cream of good body 
and texture. There is, however, a tendency to wheying-off, although this 
may be overcome by use in combination with a small quantity of 
carrageenan. Microcrystalline cellulose is less commonly used but, in 
combination with gum-type stabilizers, is highly effective in mixes 
containing whey proteins. 

Gum-type stabilizers are usually obtained from plants. Locust and guar 
gum are widely used in ice cream and promote good viscosity and 
texture, although some wheying-off may occur. Guar gum has the 
advantage of hydration in cold water, but locust gum requires a 
temperature of ca. 70°C for ca. 15 min and is not suited to UHT or HTST 
mix processing. Some use is also made of xanthan gum produced by the 
bacterium Xanthomonas campestris. 

Stabilizers are often prepared as proprietary, preblended formulations. 
In some cases stabilizers and emulsifiers are combined as homogeneous 
'integrated' products, but such preparations are disliked by many 
manufacturers. In the US use is sometimes made of ice-cream 'improv
ers', which consist of a blend of stabilizers together with a casein 
coagulating enzyme such as rennet or pepsin. Partial coagulation 
improves body and texture, but the reaction must be controlled by 
heating. The melted ice cream often has a curdled appearance and the 
benefits of 'improvers' are doubtful except, possibly, with ice cream of 
low solids content. Antioxidants may also be incorporated with stabi
lizer but, despite being made from natural materials such as oat flour, the 
use of antioxidants is forbidden in many countries. 

Emulsifiers are used to improve the whipping quality of the mix and to 
produce an ice cream of smooth, dry texture. Emulsifiers also facilitate 
the manufacturing process. Egg yolk, of which the active ingredient is 
lecithin, was the original emulsifier. Egg yolk, either frozen or dried, 
remains in use in custards and in some high-quality 'natural' ice cream, 
where it contributes other desirable qUalities. Egg yolk is only a 
moderately effective emulsifier, best performance being obtained when 
butter is used as the fat source . 

• Xantbomonas campestrls, is a gram-negative, obligately aerobic, rod-shaped bacterium, 
which is classified with the family Pseudomonadaceae. Xantbomonas campestrls is 
economically important as a pathogen of brassicas and a wide range of other plants. A 
large number of pathovars exiSt which produce widely different symptoms, sometimes 
on the same host. Extracellular polysaccharides (xanthan gums) appc2J" to play an 
important role In the pathology of non-systemic infections such as leaf spot. 
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BOX 9.3 Advice is seldom welcome 

The use of raw eggs in small-scale ice cream making in the home 
and in catering premises led to a number of outbreaks of salmonel
losis due to contamination of the eggs with Salmonella enteritidis 
phage type 4. Outbreaks continued long after the risk associated 
with raw eggs was well known. In one domestic outbreak, which 
affected guests at an elaborate dinner party, the hostess had been 
aware of the hazards of uncooked egg products but had been 
misled by the erroneous 'advice' of a totally unqualified cookery 
writer. 

Glyceryl monostearate, of monoacylglycerol content 40-60%, subse
quently became very widely used as an emulsifier. More recently highly 
effective emulsifiers such as polyoxyethylene glycol and glucitol esters 
have been introduced, although their use is not universally permitted. 
The desire to use 'natural' ingredients has also led to the suggestion that 
monoacylglycerol emulsifiers should be replaced by Psyllium husk 
fibre. 

Colouring and flavouring is added to almost all ice cream. Artificial 
colours and flavours have been widely used in the past but there is now 
a continuing trend to natural, or nature-identical materials. Vegetable fat 
has little intrinsic flavour and it is necessary to add flavouring of 
sufficient quality to overcome the bland property without appearing in 
excess. In contrast milk fat has intrinsic flavour which can interfere with 
the effect of added flavouring. It is also necessary to balance flavour and 
sweetness, plain ice cream usually containing ca. 15% sugar and 
fruit-flavoured ice cream containing 17-18%. Acidulants such as citric 
acid may also be an ingredient of ice creams flavoured with acid fruits 
such as rhubarb. Chocolate ice is flavoured and coloured with 2-3% 
high quality cocoa powder and requires a separate mix. 

The temperature of serving has an effect on flavour perception, flavours 
being less strong at lower temperatures and this must be considered 
when formulating ice cream for serving direct from the deep frozen 
state. 

A wide range of added value ingredients are used in ice cream 
manufacture and include fruit chunks, nuts, chocolate chips, etc. Added 
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value ingredients may be incorporated into the body of the ice cream or 
used as a coating. Liqueurs have achieved some popularity as added 
value ingredients in high quality ice cream. 

(b) Mix /onnulation and calculation 

A number of factors must be considered when determining mix 
formulation. Legal standards must obviously be met, although in a 
number of countries an ice cream of minimum legal composition would, 
in any case be of unsatisfactory quality. 

The proposed market, and the preference of consumers within that 
market, have an obvious bearing both on the composition of the ice 
cream and the nature of the ingredients. Ice cream of relatively low 
solids content containing vegetable oils as fat source is perfectly 
acceptable for bulk packs, but not as a premium product. Equally ice 
cream novelties designed for children are likely to be sweeter and of a 
lurid colour when compared with ice cream intended for a sophisti
cated adult market. Economic considerations, however, interact with 
market considerations and it is common practice to use the cheapest 
possible ingredients compatible with quality standards. 

The type of equipment available, especially the freezer, influences the 
formulation. A high total solids level is necessary to provide body in ice 
cream frozen by high overrun continuous freezers. Conversely a high 
solids content can lead to an excessively heavy body in ice cream frozen 
in vertical freezers which incorporate only a small quantity of air. 

A fundamental requirement of formulation is that mixes must be 
balanced. In the first place this involves ensuring that the correct 
fat:sugar ratio is obtained to prevent a 'fatty' mouth-feel. This ratio varies 

BOX 9.4 Whiskey in the jar 

The marketing success of liqueur-flavoured ice cream depends 
heavily on the brand image of the liqueur. In many cases the 
packaging used for the ice cream resembles that of the liqueur. In 
some cases, including ice cream flavoured with the whisky-based 
Drambuie TM, the brand association is further reinforced by use of 
an ice cream container constructed as a facsimile of the character
istic Drambuie ™ bottle. 
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CONTROL POINT: INGREDIENTS CCP 1 OR 2 

Control 

Ensure ingredients of good quality and suitable for intended purpose. 

Ensure ingredients stored under correct conditions and used within a 
stipulated period. 

Ensure ingredients added after heat treatment conform to microbiologi
cal criteria with respect to absence of pathogens and general quality. 

Monitoring 

Obtain ingredients from reputable supplier. 

Monitor storage conditions and stock rotation. Thermographs should be 
fitted where refrigerated storage is required. 

Verification 

Quality of end-product. 

Inspection of thermographs and other plant records. 

Microbiological examination of ingredients added post-heat treatment. 

according to the type of freezer (Table 9.5). The second balance 
required is the total solids to water ratio. If this is too high there is a risk 
of sandiness and rough texture due to lactose crystallization. If too low, 
large ice crystals may form resulting in a 'glassy' or 'icy' texture, while 
the product would also be of inSipid taste and weak body. To obtain the 
correct ratio it is necessary to calculate the quantity of SNF which will 
'absorb' water remaining in the mix when all other solid ingredients are 
present. The calculation is based on the assumption that milk SNF will 
absorb ca. six times its weight of water. Then the maximum quantity of 
SNFwill be: 

1000Percent of non-SNF solidsl7. 

Thus the optimum SNF for a mix for a vertical freezer containing 7% fat, 
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Table 9.5 Approximate fat and sugar content of ice cream mixes 

Fat(%) Sugar (%) 

Vertical batch freezer 6 12 
7 12.5 
8 13 

Horizontal batch freezer 9 13.5 
10 14 

Continuous freezer 10 14 
12 15 

Based on Rothwell, J. 1986. Ice Cream Manufacture. J. Rothwell, Reading. 

12.5% sugar and 1 % combined emulsifier/stabilizer would be: 

100-{7 + 12.5 + 1)/7 = 11.35 (11.4)%. 

Planning and balancing a basic formula therefore involves five stages: 

1. Decide on the percentage of fat required. 
2. Finalize the fat:sugar balance (Table 9.5). 
3. Decide on rate of use of stabilizers and emulsifiers (usually as 

recommended by manufacturer). 
4. Decide on rate of use of additional ingredients such as cornflour. 
5. Calculate the SNF required to balance the mix. 

The basic formula determines the functional composition of the mix, but 
does not provide the actual quantities of mix ingredients. This requires a 
knowledge of the composition of the ingredients with respect to their fat, 
SNF and sugar content. It should also be appreciated that the basic formula 
may be achieved by many different combinations of ingredients. 

The simplest situation is that in which all of the fat and all of the SNF is 
derived from single ingredients (e.g. butter and skim milk powder). 
Butter has a fat content of 80% and skim milk powder a SNF content of 
97% (the small amounts of SNF contributed by butter and fat contrib
uted by skim milk powder may be ignored). Thus for the basic formula 
discussed above the quantities of each ingredient may be determined by 
simple arithmetic: 

Fat 7% to be supplied by butter (80% ) 
7 x 100/80 = 8.7 units 

Sugar 12.5% to be supplied by granulated sugar (100%) 
= 12.5 units 

Emulsifier/ stabilizer 1 % to be supplied at 100% 
= 1.0 unit 
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SNF 11.4% to be supplied by skim milk powder (97%) 
11.4 x 100/97 = 11.7 units 

Water must obviously be used in this recipe and the quantity may be 
calculated by subtracting the total weight of dry ingredients from 100. 
The weight of water may then be converted to volume according to the 
units in use. 

The situation is more complex where the SNF is obtained from two 
sources and the use of Pearson's square method is recommended (cf 
Chapter 5, page 193). In this example SNF is obtained from liquid skim 
milk (9% SNF) as well as skim milk powder (97% SNF), while other 
ingredients remain unchanged. As a first step the weights of the known 
ingredients (butter, sugar and emulsifier/stabilizer) are subtracted from 
100: 

100-{7 + 12.5 + 1) = 79.5 

The 'unknown' part of the mix thus totals 79.5 units consisting of a 
mixture of fresh skim milk and skim milk powder which must supply 
SNF to a final concentration of 11.4% . 

The SNF content of the fresh skim milk and the skim milk powder are 
entered onto Pearson's square at positions a and d, respectively (Figure 
9.2)' The SNF required is then entered into the centre of the square (e). 
This value is a percentage of the proportion of the mix contributing SNF: 

11.4179.5 x 100 = 14.3 

The quantity of skim milk powder may then be calculated by subtracting 
a from e and entering the value at c: 

14.3-9 = 5.3 

and the quantity of fresh skim milk by subtracting e from d and entering 
the value at b: 

97-14.3 = 82.7 

These two values represent the parts by weight of skim milk powder and 
fresh skim milk respectively. Actual weights are then calculated: 

Skim milk powder 
79.5 x 5.3/88 = 4.8 units 

Fresh skim milk 
79.5 x 82.7/88 = 74.7 units 

The use of two fat sources requires more complicated calculations. An 
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(a) 9 82.7 
ra--------------------~b 

14.3 

d c 
97 5.3 

(b) 80 5.1 

a b 

8.6 

d c 
3.5 71.4 

Figure 9.2 Use of Pearson's square in formulation of ice cream. (a) Single fat 
source, two sources of solids-non-fat; (b) Two sources of fat and solids-non-fat. 

algebraic method is available, but requires solving three simultaneous 
equations with consequent risk of error. Algebraic methods are, how
ever, better suited for use with computerized formulation. In other 
cases the 'serum point' method, which again involves the use of 
Pearson's square, is often preferred. 

In this example liquid whole milk serves as a source both of fat (3.5%) 
and SNF (9% ). Additional fat is obtained from butter and additional SNF 
from skim milk powder. The stabilizer/ emulsifier remains unchanged. 

The first stage of the calculation involves determining the quantity of 
serum by subtracting from 100 the combined weight of all non-serum 
containing ingredients (in this case fat, sugar and emulsifier/ stabilizer): 

100-(7 + 12.5 + 1) = 79.5 

At an SNF content of 9% this quantity of serum contains: 

79.5 x 9/100 = 7.15 

This is less than the required SNF of 11.4 by: 
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11.4-7.15 = 4.25 

The difference is supplied by skim milk powder (97% ). This contains 88 
parts (97-9) SNF in addition to that provided by serum. The weight of 
skim milk powder to be added is therefore: 

4.35/88 x 100 = 4.83 units 

Total sum of non-fat ingredients is: 

Skim milk powder 
Sugar 
Stabilizer/emulsifier 

4.83 units 
13 units 

1 unit 
18.83 units 

The remainder of the mix therefore consists of a mixture of milk and 
butter which will jointly contribute all of the butterfat. Quantities of 
each ingredient are calculated using Pearson's square. The fat content 
required: 

7/81.17 x 100 = 8.6(2) 

is placed at the centre of the square (e). The fat content of the butter 
(80%) is placed at a and the fat content of the milk (3.5%) at d. The 
parts of milk required may then be calculated by subtracting e from a 
and entering the answer at c: 

80-8.6 = 71.4 

The parts of butter required may be calculated by subtracting d from e 
and entering the answer at b: 

8.6 -3.5 = 5.1 

These two values represent the parts by weight of fresh milk and butter, 
respectively. Actual weights are then calculated: 

Fresh milk 
79.5 x 71.4/88 

Butter 
79.5 x 5.1/88 

(c) Mix blending 

= 64.5 units 

= 4.6 units 

In small-scale operations mix blending is an entirely manual operation. 
Low temperature-long time batch pasteurization is used and ingredients 
are usually blended in the pasteurization vat during heating. Pasteuriza
tion vats are usually equipped with an agitator or, in some cases, a 
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blender-emulsifier to facilitate dispersion and mixing of ingredients. 

In large-scale operations using HTST or UHT of the mix it is necessary to 
blend the mix before heat treatment. Separate blending vessels are used 
and, since blending is a batch process, several blending vessels are 
required to ensure a continuous product flow to the pasteurization or 
UHT plant. In modern plant, metering of liquid ingredients and weighing 
of solid ingredients is a highly automated process which is usually under 
microprocessor control. 

Dispersion of dry ingredients may present problems and pre
liquefaction into slurries is sometimes used. In general, however, direct 
incorporation of dried ingredients is preferred and blending tanks are 
fitted with highly efficient turbine agitators. Dispersion can also be aided 
by introducing solid ingredients into the liquid in the pipe feeding the 
blending tank. Dried milk powder is difficult to wet, disperse and 
hydrate at temperatures below 35°C, although this problem may be 
overcome by the use of hydration tanks. Ingredients such as guar gum 
cannot, however, be used without heating the mix. 

(d) Heat treatment 

In the vast majority of countries heat treatment of ice cream mix, to a 
level sufficient to destroy vegetative pathogens, is mandatory. The 
minimum permitted heat treatment varies from country to country and, 
in the US, from state to state. In the UK, four minimum temperature/time 
treatments are permitted, 65.6°C/30 min, 71.1°C/l0 min, 79.4°c/15 s 
and 148.8°c/2 s. More severe heat treatments have been suggested to 
ensure destruction of Listeria monocytogenes (cf liquid milk, page 90), 
but may result in burnt or cooked flavours. The minimum UK heat 
treatments are, in fact, currently considered adequate to ensure destruc
tion of Listeria monocytogenes, but less rigorous treatment used 
elsewhere may require re-evaluation. 

• The choice between hot and cold blending before continuous heat treatment is 
imponant with respect to overaU energy efficiency. Cold blending pennitS regenerative 
heating and cooling over a much wider temperature range: than hot blending and, 
contrary to m.any impressions, leads to significantly reduced energy costS. Th.is may be 
illustrated by an operation in which raw dairy ingredients at 6°C and liquid sugar at 45°C 
arc used in a 74 to 26% preparation to blend at ca. 16°C. Energy savings over hot 
blending arc 35.6% in steam. and 51.7% in refrigeration (Minen, H.L and Ncirinkx, ).M. 
1986. In Modern Dairy Technology, voL 2. Advances in Milk Products (cd. Robinson, 
RK.). Elsevier Applied Sciences, London, pp. 215-59). 
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CONTROL POINT: MIX BLENDING CCP 2 

Control 

Correct quantities of ingredients to be used. 

Dry ingredients to be fully dispersed. 

All ingredients to be fully blended. 

Monitoring 

Check calibration of weighing and measuring equipment. 

Monitor temperatures where hot blending used. 

Monitor hydration of milk powder. 

Supervision of blending and of mix by experienced personnel. 

Verification 

Quality of end-product. 

Inspection of plant records. 

Specialist examination and maintenance of weighing and measuring 
equipment and, where fitted, microprocessor-based systems. 

Low temperature-long time processes involve batch heating in a steam
or water-jacketed vat and are suitable only for small-scale operations. 
Plate heat exchangers (see page 49) are most commonly used for HTST 
processing, although tubular heaters may be preferred where space is 
limited. Fouling is a serious potential problem during HTST pasteuriza
tion, but can be minimized by taking rigorous precautions against the 
incorporation of excess air into the mix. Fouling also restricts the choice 
of UHT plant to direct steam injection equipment (see page 61) or, less 
commonly, scraped surface heat exchangers. 
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CONTROL POINT: HEAT TREATMENT CCP 1 

See Chapter 2, page 52. 

(e) Homogenization/emulsification 

A reduction in the size of fat globules is required during ice cream 
manufacture to prevent churning and to improve whipping properties 
and air incorporation by allowing proteins to adsorb onto the surface of 
fat globules. This process is usually accomplished by homogenization 
(see page 55). Homogenization is necessary in large plant producing ice 
cream of high fat content and/or a high overrun, but emulsification is an 
alternative in small-scale operations where ice cream is of a relatively 
low fat content and/or overrun. Emulsification involves the application 
of high speed centrifugal pumps to force the liquid through a mesh 
screen and thus to disrupt fat globules. The globules, however, are both 
larger and more variable in size than those of homogenized mix. 

Batch pasteurization plant often incorporates either a homogenizer or 
an emulsifier which operates concurrently with pasteurization. In other 
cases the homogenizer is situated downstream of the heat treatment. 
This produces no technological difficulties, but the difficulties of 
sanitizing homogenizers means a high potential risk of product recon
tamination. This risk may be obviated by combining the homogenizer 
with the heat treatment equipment so that the mix is homogenized just 
before, or during, the highest temperature stage. 

Ice cream manufacture does not require that fat globules be reduced to 
the smallest possible size and over-homogenization is a fault leading to 
clumping or clustering of fat globules and phase reversal ('buttering') 
during freezing. Relatively low homogenization pressures are employed, 
vegetable fats requiring ca. 12 MPa and dairy fats ca.16 MPa in single 
stage equipment. Two-stage homogenization is sometimes used at 
pressures of ca. 15 MPa in the first stage and ca. 4 MPa in the second, for 
both types of fat. Pressures used are also lower with ice cream of higher 
fat content and when the process is operated at higher temperatures. 

(f) Cooling and ageing 

Following heat treatment the mix must be cooled as rapidly as possible 
to 4°C, the maximum time permitted in the UK regulations being 1.5 h. 
The mix is held at 4°C to age, a process which involves the hydration of 
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CONTROL POINT: HOMOGENIZATION AND EMULSIFICATION CCP 
10R2 

Control 

Ensure break-up of fat globules to optimal size. 

Prevent microbial contamination from homogenizer if placed down
stream of heat treatment. 

Monitoring 

Monitor homogenizer/emulsifier operation. 

Implement special cleaning and sanitization schedule for homogenizer. 
Inspect before each production run. 

Verification 

Quality and structure of end-product. 

Examination of plant records. 

Microbiological examination of swabs taken from homogenizer. 

milk proteins, the crystallization of fats and the absorption of water by 
any added hydrocolloids. Ageing is substantially completed within 24 h 
and longer periods should be avoided to prevent spoilage by psy
chrotrophic micro-organisms. Cooling the mix to -1 to 2°C in a scraped 
surface heat exchanger permits the use of shorter ageing periods . 

• The basic physical process of freezing involves rapid heat extraction to bring about the 
change of state of an ice cream solution from liquid to solid. Three related types of heat 
must be extracted: ' 

1. pecific heat: me thermal capacity (ability to retain heat), which is a characteristic of 
each ice cream mix and thus variable. 
2. Sensible heat: the amount of heat exchanged for a given change in temperature (water 
requires 1 BTUllb of water for each degree of temperature change). 
3. Latent heat: me amount of heat exchanged during the change of state (lib of water 
loses 144 B11) in changing from a liquid to a solid). 

Oaspersen, w.s. 1989. Food Technology International Europe, 85-8). 
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CONTROL POINT: COOLING AND AGEING CCP 2 

Control 

Cooling to ageing temperature within stipulated period. 

Ensuring mix held for correct period of time. 

Monitoring 

Monitor mix temperature throughout cooling and ageing. Equipment 
should be fitted with thermographs. 

Institute formal system to ensure mix held for correct period. 

Verification 

Quality of end-product. 

Number of psycrnotrophic micro-organisms in end-product. 

Inspection of plant records. 

(g) Freezing 

In traditional ice cream manufacture freezing is a two-stage process. In 
the first stage the temperature is reduced under agitation, air being 
incorporated to give an aerated product. The second stage, which is 
much slower, involves no incorporation of air and takes place under 
quiescent conditions in a hardening room or tunnel. The process is not 
complete and even at very low temperatures some water remains 
unfrozen. 

The crystallization stage is of major importance with respect to ice 
cream quality since the texture is largely determined by the size of the 
ice crystals. Fast freezing rates are desirable to ensure that crystals are 
too small to be detectable in the mouth. 

Incorporation of air during freezing leads to an increase in volume of the 
mix, the overrun. Overrun may be calculated either by volume or 
weight (Figure 9.3) and is also an important quality determinant, a high 
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By volume 
(volume of ice cream - volume of mix) 
------------ x100=%OR 

volume of mix 

By weight 
(weight of mix - weight of same volume of ice cream) 

weight of same volume of ice cream 

Figure 9.3 Calculation of overrun (OR). 

x 100 = %OR 

overrun ice cream having less flavour, a drier appearance and a less stiff 
texture. Ice cream is sold by volume in most countries and it is 
economically desirable to have an overrun as high as possible without 
adversely affecting the character of the ice cream. 

Two main types of freezer are available for commercial use, the batch 
and the continuous type. Batch freezers, which may be vertical or 
horizontal in configuration are suitable primarily for small-scale opera
tions, while the continuous horizontal type forms the basis of very 
large-scale manufacture. The properties of ice cream produced by the 
different types differ. Freezing is more rapid in the continuous horizon
tal type, up to 50% of the water being frozen in a few seconds. This 
produces a very large number of small ice crystals and consequently a 
smooth texture. At the same time the means by which air is incorpo
rated also differs. In the batch freezer air is simply 'rolled' into the mix at 
atmospheric pressure, while in the continuous freezer air is metered 
into the mix under pressure and subsequently expands producing a 
large number of small air cells. The overrun obtainable with batch 
freezers varies from 50 to 100% according to design, but overrun in 
excess of 130% is readily obtainable with large-scale continuous 
freezers. 

Vertical batch freezers were the earliest commercial ice cream freezers 
and are the simplest design. The equipment consists of a vertical 
cylinder or barrel cooled by refrigerated coils or by immersion in a 
refrigerant. Rotating blades and a beater are ftxed within the cylinder to 
scrape frozen ice cream from the walls. The frozen product and air are 
incorporated into the unfrozen mix, the process continuing until the 
whole of the mix is in the frozen state. A mix of 30-32% initial total 
solids content is required, the overrun varying from ca. 25 to 50%. 

Horizontal batch freezers are essentially vertical freezers with the 
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cylinder turned on its side. Such equipment is more convenient in use 
and has largely replaced vertical batch freezers. Refrigeration is now 
usually achieved by direct expansion systems using halocarbon refriger
ants. In most cases the maximum overrun is 50-80% , but injection of air 
under pressure increases overrun to 100%. The freezer is usually 
operated at -10 to -20°C, this temperature permitting sufficiently fast 
freezing to minimize ice crystal size, but also allowing sufficient time for 
air incorporation. 

Continuous horizontal freezers are similar in design to batch horizontal 
freezers, but the cylinder is continuously fed a mixture of mix and air by 
means of a pump, or a series of pumps, the frozen product Similarly 
being continuously removed. A dasher is fitted which serves to beat in 
air, scrape the walls free of frozen product and to move the frozen mix 
towards the outlet. Modern equipment is invariably fitted with auto
matic overrun control and, in many cases, the entire operation is 
controlled by microprocessors. Continuous freezers have a number of 
advantages and disadvantages independent of the very high throughput 
obtainable (Table 9.6). 

Continuous freezers are operated under pressure and the overrun is 
only fully realised as the air within the ice cream expands as the product 
leaves the freezer. Cylinder pressures of 3.5-5.5 atm are used for 
overruns of up to 130% at drawing temperatures of ca. -7°C, but higher 
pressure is required when producing ice cream of higher overrun, or 
when a lower drawing temperature is used. 

The temperature of the mix entering the freezer is very important, 0 to 
-1°C optimizing performance. The entry temperature of the mix should 
be constant to facilitate control of overrun and freezing rate. 

Low temperature freezing involves delivery of the ice cream at -9 to 
-10°C. The equipment used has a primary cylinder similar to that of a 
conventional freezer and a secondary cylinder fitted with an eccentri
cally mounted dasher fitted with short blades. The mix is subject to a 
rigorous treatment in the freezer which results in changes to the 
structure and a reduction in ice crystal size from 45-55 to 18-22!J1ll. 
The ice cream has a very smooth texture and is highly resistant to 
adverse handling. 

The consistency of ice cream leaving the freezer is primarily a function 
of formulation, although temperature also has some effect. Dasher 
design is also important, a displacement dasher operated at high speed, 
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Table 9.6 Advantages and disadvantages of continuous freezers 

Advantages 

1. The ice cream is of smoother texture due to the small ice crystals formed 
2. Rapid freezing favours the formation of small lactose crystals and problems 

due to 'sandiness' are minimized 
3. Less stabilizer required as crystals are formed in the freezer rather than in the 

hardening room and because a mix of lower viscosity is required 
4. Ageing time is reduced as a lower viscosity mix is required and because 

incorporation of air is less dependent on the character of the mix 
5. Less flavour is required because the smaller ice crystals melt more rapidly in 

the mouth making the flavour more pronounced 
6. The product is of more consistent character with less variation between 

packs 
7. Handling is minimized with less potential for contamination 
8. Continuous production facilitates manufacture of speciality ice creams such 

as centre moulds and combinations of colours and flavours 

Disadvantages 

1. High initial capital cost 
2. Ice cream may shrink in volume after hardening (problem may be minimized 

by modifying mix formulation) 
3. Close control is required to prevent excessive overrun 
4. Machine parts operate at fine tolerance and are prone to damage if 

mishandled 
5. Special training is required for operatives and service personnel 

for example, causing a shearing action which produces a stiff and dry ice 
cream. Such an ice cream is described as a 'warm-eating' product and 
melts slowly in the mouth. Ice cream of this type may be less refreshing 
than other products and the flavour is less readily released, but it is 
preferred by ca. 25% of consumers. Ice cream of stiff consistency is 
generally undesirable from the engineering viewpoint, having poor flow 
and filling properties and requiring more energy in handling. The 
influence of dasher design and operation on the properties of the 
finished ice cream is well understood and different types of dasher are 
used in production of different products. 

Extrusion technology has been widely applied to ice cream production 
in recent years, usually for the production of novelties. The ice cream 
leaves the freezer through an extrusion nozzle which determines its 
shape and it is a prerequisite that the product has sufficient viscosity and 
stiffness to maintain its shape after delivery. Nozzles extruding different 
ice creams may be placed within the main nozzle to permit production 
of intricate designs. Alternatively layered products can be made by 
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passage under consecutive extrusion nozzles. Ice cream may be 
extruded horizontally or vertically at a temperature of -6 to -7"C, a hot 
wire being used to cut the product into portions. The temperature of 
the ice cream is of considerable importance since at too high tempera
ture the shape is not maintained, while at too low cutting is impaired. 
After portioning the ice cream is carried to a hardening tunnel on 
individual stainless steel plates. After hardening the ice cream is released 
by a pneumatic hammer and is transferred either direct to packaging or 
receives coatings, decorations, etc. 

Flavouring, colouring and finely chopped fruit and nuts may be added to 
the ice cream directly before freezing. Larger pieces of fruit, nuts, etc., 
must be added as the ice cream leaves the freezer, accompanying 
flavouring and colouring having been added earlier. 

With the exception of extruded product, ice cream leaving the freezer is 
packed either directly into the final packaging, or into moulds to impart 
the desired shape. Precooling of the packaging or moulds is desirable to 
prevent melting and refreezing of the outer edge of the ice cream. 
Similarly the ice cream must be transferred to the hardening process as 
quickly as possible to prevent melting and the formation of large crystals 
during refreezing. 

During hardening the temperature of the ice cream is further reduced to 
ca. -18°C. A hardening room maintained at -20 to -25°C may be used 
but continuous hardening tunnels are more common in large-scale 
operations and have the advantage of faster hardening and less formation 
of large ice crystals. Hardening tunnels are available in a number of 
configurations and typically operate at air temperatures of -30 to -35°C 
and an air velocity of ca. 180 mlmin. Hardening is completed within 
2-5 h compared with 10-12 h in a hardening room. 

In recent years contact plate freezers have gained popularity, especially 
for rectangular packs. Equipment of this type is very efficient, hardening 
being completed in 2 h. Ice cream stick bars may be hardened in moulds 
using the same equipment as water ice lollipops (see page 419). 

(h) Finishing and paCkaging 

After leaving the hardening process the ice cream may be finished by 
enrobing with chocolate or another candy product, by addition of 
chopped nuts, etc., or by combining the ice cream with water ice. 
Where necessary the ice cream is then packaged. 
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CONTROL POINT: FREEZING CCP 2 

Control 

Correct operation of freezer. 

Ensure immediate transfer to hardening room, etc. 

Ensure hardening room, etc., operating at correct temperature. 

Ensure hardening period adequate. 

Monitoring 

Monitor suitability of freezer set-up (e.g. dasher type) for mix being 
frozen. 

Monitor operation of freezer. Recording equipment should be fitted 
where appropriate. 

Determine overrun of frozen but unhardened mix (continuous freezers 
may be fitted with automatic overrun control). 

Transfer to hardening room to be supervised by experienced personnel 
(small-scale production using manual transfer). 

Monitor temperature of hardening equipment on a continuous basis. 

Establish formal system for ensuring correct period in hardening room. 

Verification 

Quality of end-product. 

Check calibration of automatic overrun control equipment. 

Examination of plant records. 

A wide range of packaging material is used for ice cream. Small 
multi-portion retail packs were commonly packaged in waxed, alu-
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minium foil laminated, or plastic-coated (low density polyethylene) 
cardboard, but while still used, this material is being replaced by plastic 
containers (high density polyethylene or polystyrene) which usually 
incorporate a tamper-proof lid. Plastic containers are used for most 
large, multi-portion retail packs and are replacing tinned steel contain
ers for bulk commercial packs. Individual hand held and stick held bars 
are packaged in mOisture-proof coated or foil-lined paper. Packaging can 
have a significant effect on the storage properties of ice cream, although 
temperature is of greatest importance. Closed plastic packages are of 
superior performance during retail storage, aluminium foil laminate 
being the most effective of the cardboard based materials. 

(i) Storage and distribution 

Ice cream should be stored at constant temperatures since fluctuations 
lead to migration and accumulation of water and the formation of large 
crystals on refreezing. A temperature of -20 to -25°C is used for 
long-term storage, but higher temperatures of -13 to -18°C are 
acceptable during transport and short-term display. 

Although much ice cream is retailed in its final packaging, a significant 
quantity is portioned from bulk packs at point of sale. This process is the 
weak link from the hygiene viewpoint since many outlets are mobile 
vans, kiosks, etc., which have only limited facilities for hand washing and 
utensil sterilization. 

9.2.2 Special types of ice cream 

(a) Soft-scoop 

Soft-scoop ice cream is made using the same manufacturing technology 
as standard ice cream, but is formulated to permit serving direct from 
deep frozen storage. Ice cream of this type must, therefore, have a low 

BOX 9.5 The good, the bad and the ugly 

Problems of low hygiene standards in mobile ice cream outlets are 
exacerbated by the fact that many operatives work on a part-time 
basis, often from domestic premises, and thus lack the necessary 
knowledge of personal hygiene, product handling and sanitation 
routines. In some cases, the regulatory authorities have difficulty 
enforcing hygiene regulations because of the unofficial, and unreg
istered nature of 'cowboy' operations. 
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freezing point so that the texture is relatively softer at any given 
temperature. Freezing point may be lowered by including glycerol, 
glucose, or high-fructose corn syrup. A higher level of stabilizer and 
emulsifier may be required. 

(b) High-fat (premium and super-premium) ice cream 

Excessive viscosity of high-fat ice cream may lead to problems associ
ated with cooling and obtaining the desired overrun. Dairy fats are 
normally emulsified in either fresh, sweetened skim, or whole, milk 
before the addition of other ingredients. Flavour should be derived from 
the dairy fat, not milk solids-non-fat (MSNF) and for this reason no 
additional source of MSNF, such as condensed skim milk or skim milk 
powder, should be added. The MSNF content is reduced as the fat 
content increases, a typical value being 7% in a 20% fat product. This 
may result in a crumbly body, a common defect in high-fat ice cream, 
although this can be avoided by using high levels of sucrose or glucose 
as sweeteners. A high sweetener level is usual to meet consumer 
requirements and has the additional advantage, especially where dex
trose is used, of improving meltdown. 

Homogenization of the mix is essential to prevent churning during 
freezing. Low homogenization pressures must be used, typical values 
being 5 MPa at 18% fat and 3.5 MPa at 20% fat. The drawing tempera
ture is raised with increasing fat content to overcome problems of 
excessive stiffness and a high serving temperature may also be neces
sary. 

(c) High-milk solids-non-fat ice cream 

Ice cream containing 3-4% additional MSNF are popular on the west 
coast of the US and have a characteristic 'chewy' texture. Casein and 
delactosed skim milk powder are used as ingredients to provide MSNF 
while avoiding problems of 'sandiness' due to high lactose content. 
Dextrose is used to lower the freezing point and facilitate serving, while 
a low homogenization pressure is necessary to prevent 'curdiness'. 
Freezers need a high refrigeration capacity due to the high viscosity of 
the mix and a high overrun is required to prevent 'sogginess'. 

(d) 7talian-style' ice cream 

'Italian-style' ice cream is popular in the US. No product definition or 
standard exists, however, and the nature of the product may vary 
considerably. The traditional 'Italian-style' product is served semi-hard 
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and is less sweet and less acid than other ice cream, being flavoured by 
natural extracts. The ice cream has a high milk fat and total solids 
content and a very low overrun of 0 to 10%. This imparts a distinctive 
body and texture and flavour release. 

(e) Diabetic and dietetic ice cream 

A product resembling ice cream, but suitable for consumption by 
diabetics may be made from a mix containing 4 to 6% fat, sweetened 
with sugar alcohols such as glucitol or mannitol, the non-caloric 
sweetener sucaryl or, less commonly, saccharin. 

In addition to frozen dairy desserts made with fat replacers and intense 
sweeteners, low-cholesterol and cholesterol-reduced ice cream has 
been developed. Various other approaches have been taken to improve 
the dietary status of ice cream. An ice cream fortified with bran has been 
marketed in the UK, while in Japan 'therapeutic' ice cream containing 
Bifidobacterium is available. 

(f) Soft-serve ice cream 

Soft-serve ice cream differs from other types in being consumed directly 
from the freezer and, usually, without hardening. The product is thus 
usually manufactured at the point of sale which may be a specialist 
outlet or cafe, a non-food outlet such as a filling station, or a mobile 
outlet or kiosk. Soft-serve ice cream may be manufactured from a 
conventional mix produced on the premises, from a UHT processed, 
aseptically packaged mix, or from a spray-dried powder mix. In any case 
the fat content is usually 5-6%, MSNF 11.5-14% and the sugar content 
12-15%. Powder mixes may be formulated for reconstitution in either 
hot or cold water. Hot water mixes are preferable with respect to 
hygiene, but cold water mixes are often considered more convenient. 

Soft-serve freezers are of horizontal configuration, mix being fed from a 
refrigerated hopper into a small diameter cylinder. Mix may either flow 
by gravity into the cylinder or be pumped. In the latter case air is 
incorporated and there is some control of overrun. The cylinder may be 
fitted with either conventional beater blades or a solid screw-type 
beater without blades which is usually constructed from a hard-wearing 
plastic. The screw-type beater clears the cylinder by a small margin (the 
rubber), the space being filled by a thin layer of ice cream. The presence 
of this layer reduces heat transfer and increases refrigeration costs, but 
equipment of this type is more flexible in operation. Ice cream is drawn 
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from the freezer at ca. -6°C with an overrun of 30-50% . 

Soft-serve ice cream freezers and ancillary equipment should be dis
mantled, cleaned and sanitized on a daily basis. It must be recognized 
that maintenance of the necessary hygiene standards can be more 
difficult in an environment primarily concerned with retailing than in 
one wholly concerned with manufacturing. Particular difficulties may be 
encountered in outlets which are predominantly non-food, such as 
filling stations, and those with inherently limited facilities such as kiosks. 
The self-pasteurizing soft-serve freezer offers at least a partial solution. 
Such equipment is designed to heat mix and machine surfaces in contact 
with mix to 65°C for 30 min before cooling to 5°C. It is usual to 
'pasteurize' daily, usually at the end of the working day, and restrict full 
cleaning and sanitization to a weekly basis. It must be emphasized that 
self-pasteurizing freezers are not intended to process unpasteurized mix. 

(g) End-product testing 

In large-scale ice cream manufacturing, end-product testing serves a 
number of functions. Chemical analysis is used to ensure compositional 
standards are met and is complemented by determination of physical 
characteristics. Organoleptic analysis is also important and is used not 
only for determination of perceived quality, but also for assessment of 
the performance of functional ingredients such as stabilizers. Microbio
logical analysis is necessary for assuring good manufacturing hygiene. 

End-product testing is not practical in the case of soft-serve outlets, or 
for very small manufacturers relying entirely on premixed ingredients. 
In such cases responsibility for quality assurance lies with the manufac
turer of the premix. 

9.2.3 Low fat frozen desserts 

As noted above low fat desserts are a complex group of products which 
currently lack legal definitions. The manufacturing technology is based 
on ice cream making, the products being frozen in a continuous freezer . 

• The body of some types of low fat dessert resembles a firm, springy gel unlike that of ice 
cream and having imilaritles to gelified milk. imple examination of the melting 
properties uggests that the structufe of the pmduct is intermediate between ice cream 
and an aerated mousse. A weak structure is fetained and water femains strongly bound 
even after many hours at ambient temperature. It would appear that the primary 
structure is that of a loose hydrocoUoid gel, which is tiffened by the fonnation of a 
matrix of ice cry tals during freezing. 
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The very low fat content of most desserts means that the structure of the 
product differs from that of ice cream and it is necessary to use a high 
level of stabilizers and thickeners to bind water and to provide body. 

A complex mixture of stabilizers and thickeners appears to be necessary, 
a widely used combination being; modified starch, carob gum, guar gum, 
carrageenan and xanthan gum. Some types also contain calcium sul
phate, presumably as firming agent. 

A more recent development has been the use of partial, or total fat 
replacers. The extent to which the fat replacer contributes to body, 
texture and stability varies according to type. A high level of stabilizer 
appears to be necessary, however, and it is unlikely that the chemical 
nature of fat replacers is compatible with their interacting with other 
ingredients in the same manner as milk fat. 

9.2.4 Sherbets and ices 

In many countries, including the UK, no legal standards or definitions 
exist for sherbets and ices. The two products are generally differentiated 
by the inclusion of milk solids in sherbets but not in ices. This 
distinction, however, is increasingly blurred and some 'ices' contain 
very small amounts of milk solids such as whey protein. 

Sherbets and ices have a higher fruit acid content (not less than 0.35%) 
than ice cream and a relatively tart flavour. There is little, or no, overrun 
and the texture tends to be coarse. Sherbets and ices are perceived to be 
more refreshing than ice cream and to have a greater cooling character
istic. 

In the UK, large numbers of stick-held ices (lollipops) are produced. The 
mix contains water, sugar, acid, flavours, colours and stabilizers. The 
mix is frozen in moulds on a continuous basis, the stick being automati
cally inserted part way through freezing. Extrusion is, however, possible 
providing a suitable stabilizer system is used. 

The sugar content of the mix depends on the desired organoleptic 
properties but is usually in the range 17-20%. Citric acid is the most 
commonly used acidulant, although tartaric, lactic, malic, ascorbic and 
phosphoric acid are all acceptable. The acid content rises to balance 
increasing sugar content, but is usually in the range 0.3-0.4% . 

Stabilizers must be compatible with acids and produce a 'short' body 
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and rapid flavour release. Gelatin, pectin and xanthan gum are all 
commonly used and each produces the desired body structure. Flavour 
release is more rapid with pectin than gelatin and xanthan gum. A 
satisfactory product may also be made using carboxymethyl cellulose or 
guar gum, but in each case flavour release tends to be rather slow. 

In the past considerable use has been made, especially in cheaper 
products, of artificial colours and flavouring, but there is now an 
increasing tendency to use natural or nature-identical colouring and 
natural flavour extracts. Fruit juice may be added in varying amounts 
and there is now a large market for frozen juice bars in which the 
organoleptic character is largely derived from fruit juice. 

Ices are usually hard frozen, but may be dispensed direct from the 
freezer as slush ice. Such a product, Slush puppyTM, may be regarded as 
the marketing equivalent of soft-serve ice cream and is perceived as 
being particularly refreshing. Individual portions of ices are also hard 
frozen in a sealed plastic tube from which they are sucked as a mixture 
of ice and water. This product is almost entirely consumed by children. 

9.3 CHEMISTRY 

9.3.1 Nutritional status of ice cream 

Ice cream is not of major nutritional significance among the general 
population. Possible exceptions are amongst children and old persons 
for whom ice cream can be an important source of dietary energy. 

The protein, sugar and fat content obviously vary widely according to 
the formulation. In general levels of water soluble vitamins and minerals 
are similar to, or slightly higher than, those of milk. In ice cream made 
from dairy fat, levels of fat soluble vitamins are two to three times higher 
than those of full cream milk. 

9.3.2 Physico-chemical nature of ice cream 

(a) Effect of pasteurization 

Although the prime role of pasteurization is to ensure the microbiologi
cal safety of the product, the heating also affects the physico-chemical 
structure of the mix. The emulsifier is melted and heat-activated 
stabilizers brought into colloidal solution. The whey proteins present in 
the SNF are partially denatured and uncoil exposing the lipophilic 
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portion of the molecule. As a consequence, the whey proteins begin to 
act as emulsifiers while, at the same time, the water binding capacity is 
increased. Denaturation also increases the number of available binding 
sites for protein: hydrocolloid interactions and thus enhances the 
action of stabilizers such as carrageenan. Pasteurization is generally 
beneficial to ice cream quality, but excessive heat treatment leads to 
unacceptable organoleptic deterioration. 

(b) Role of stabilizers and emulsifiers 

It has been commonly stated that stabilizers interfere with ice crystalli
zation and limit the growth of large crystals. Until recently this has not 
been studied systematically, although qualitative support is offered by 
the observation that the use of stabilizers results in an ice cream of 
smoother body. At a given rate of heat removal, the coarseness of a 
population of crystals depends on the relative rates of nucleation and 
growth and it has been postulated that stabilizers act either by increas
ing nucleation or reducing the rate of growth. Investigations into each of 
these possibilities showed that while stabilizers have no Significant 
effect on rate of nucleation, the growth of ice, in a model system, is 
drastically retarded and the morphology altered by the presence of a 
stabilizer gel network. 

The effect on ice growth rate and morphology has been explained 
qualitatively in terms of mechanical interference with the growth of ice. 
It is probable that the gel fibres cause the ice-interface to develop a 
radius of curvature of similar size to the mesh size of the network and 
thus to depress the freezing point. The gel fibres themselves are placed 
under stress and may rupture, but the significance of this is unclear. The 
effect of stabilizers is greater than expected and this may be due to the 
presence of sucrose as an additional solute. 

The effect of stabilizers cannot be explained wholly in terms of the 
effect on ice growth. The three-dimensional network formed binds, and 
restricts movement, of water in the frozen product and thus minimizes 
the potential for formation of large crystals during temperature fluctua
tions. The viscosity of the mix is also increased as a result of interactions 
between gum-type stabilizers and partially denatured proteins. 

Emulsifiers act as surface active agents and reduce the energy required 
to maintain the integrity of the fat globules. In an emulsifier such as 
glyceryl monostearate, the lipophilic portion of the molecule, the fatty 
acid chain enters the fat phase, while the hydrophilic portion, the 



422 Ice cream and related products 

Electrostatic stabi I ization 

@ 

@ 

@ 8 
@ ®

(B Particulate 
stabilization 

Polymer (steric) stabilization 
Figure 9.4 Mechanisms of emulsifier activity. Redrawn with permission from 
Fillery-Travis, A. et al. 1990, Food Science and Technology Today, 4, 89-93. 
Copyright 1990, Institute of Food Science and Technology. 

glycerol portion enters the water phase (Figure 9.4). Added emulsifiers 
are more effective than milk proteins due to their smaller molecular size 
and greater mobility. 

Paradoxically an additional beneficial function of emulsifiers is to 
destabilize the fat globule. This permits a degree of clustering and 
prevents too rapid melting. 

(c) Effect of ageing 

During ageing a number of important changes occur. Skim milk powder 
and stabilizers become fully hydrated and the emulsifier-induced des
orption of proteins continues. Substantial crystallization of fat also 
occurs. Triacylglycerols of the highest melting point are the first to 

• Destabilization i caused by the desorption of proteins, mainly casein, from the outer 
layer of the fat globules. At homogenization temperatures the surface activity of 
emulsifiers is low and no desorption occurs. When the temperature is lowered, however, 
the surface activity becomes suffiCiently high to repel the outer protein layer from the fat 
globule. Desorption is a relativdy slow process which continues during ageing. 
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crystallize and are situated closest to the surface of the fat globules. The 
crystallization process continues successively with triacylglycerols of 
progressively lower melting points, creating multiple-shelled fat glob
ules with a core of liquid fat. The quantity of fat remaining liquid 
depends on the specific fat involved, but a balance between liquid and 
crystallized fat is essential for good quality. The poor quality associated 
with ice cream made from unsaturated fats results from the relatively 
low degree of fat crystallization. 

(d) The freezing process and structure of the final ice cream 

The final structure of ice cream is determined during the freezing and 
aeration of the mix. Ice cream is a complex physico-chemical system 
consisting of air cells dispersed in a continuous liquid phase in which ice 
crystals are embedded (Figure 9.5). The liquid phase also contains 
solidified fat particles, insoluble salts, milk proteins, lactose crystals, 

Figure 9.5 Internal structure of ice cream. (a) Ice crystal 45-55 Ilm diameter. 
(b) Ice crystals 120--170 Ilm diameter. (c) Unfrozen material. 
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Figure 9.6 

stabilizers of colloidal dimensions as well as sugars and salts in true 
solution. 

Over the years many values have been quoted for the size of air cells, 
values for the mean diameter varying from 30 to 150 11m. These figures 
largely refer to ice cream made with batch freezers, and with continuous 
freezers, air cell diameters range from 5 to 300 11m, with a mean value of 
ca. 60 11m. Smaller cells are coated with a layer of fat crystals. Large air 
cells produce an ice cream of a snowy, flaky texture, while small cells 
produce a smooth texture. A mean air cell diameter of 60-100 11m is 
satisfactory for most types of ice cream. 

The interface between air cell and the mix is a relatively thin, continu
ous layer of unstructured material coated with a layer of discrete fat 
globules which project into the interior of the air cells. Air cells and ice 
crystals (Figure 9.6) are separated by lamellae of variable thickness 
which contain both individual fat globules and casein micelles. 
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The amount of water existing as ice in ice cream varies with tempera
ture, but is ca. 50% at an extrusion temperature of -5°C, ca. 95% at a 
hardening room temperature of -30°C and ca. 70% at a storage 
temperature of -11°C. The results of investigations concerning the size 
of ice crystals have been variable, but the overall mean size would 
appear to be 35-40 I-tm, with crystals being some 5-8 I-tm apart. 

Fat globules in ice cream mix are of two types, large globules ranging in 
size from 05 to 4 I-tm, but with most less than 2 I-tm diameter, the 
overall mean being ca. 1 I-tm. In addition very fine globules are also 
present which range in diameter from 0.04 to 3 I-tm with a mean 
diameter of 05 I-tm. Destabilization of the fat emulsion, initiated by the 
action of emulsifiers, continues as a result of the combined effects of 
freezing and mechanical agitation during the freezing process. The fat 
globule membrane is ruptured and the liquid fat released to appear at 
the mix/air interface. Whipping properties are reduced and some 
coalescence occurs. A higher level of fat destabilization occurs when at 
low temperatures and when a high proportion of liquid fat is present 
(Figure 9 .7). 
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Figure 9.7 Destabilization of fat globules during freezing. 
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9.3.3 Chemical analysis of ice cream 

General analytical methods for ice cream are similar to those for liquid 
milk (Chapter 2, page 85). Total solids content is an important 
parameter in ice cream analysis and may be determined by drying to 
constant weight. Solids-non-fat content can be determined by formol 
titration, but protein content is often a preferred parameter provided 
that gelatin and eggs are absent from the recipe. Protein may be 
determined by micro-kjeldahl analysis or by instrumental methods. 
Determination of sugar content can cause difficulties, but polarimetry is 
most widely used. The Gerber method may be modified for determina
tion of fat in ice cream and instrumental methods may also be used. The 
Rose-Gottleib method, however, may give more reproducible results. 

Determination of overrun is important as verification of correct opera
tion of ice cream freezers even where continuous equipment with 
automatic control is in use. No really satisfactory means exists of 
determining overrun after hardening, but a simple method suitable for 
use during production involves determining the weight of a volume of 
mix and of the same volume of ice cream leaving the freezer. 

Organoleptic assessment of ice cream is important not only in determin
ing suitability of taste, but also mouth-feel and body. Simple ad hoc 
methods have been devised for measurement of body firmness but it is 
doubtful that these offer any Significant advantage over organoleptic 
assessments. Melting characteristics of ice cream are important and are 
usually assessed visually, or by measuring liquid released over a given 
time period using a measuring cylinder. 

9.4 MICROBIOLOGY 

Micro-organisms are unable to grow in ice cream stored at correct 
temperatures, although many survive for extended periods. Microbio
logical considerations, therefore, primarily involve the elimination of 
v:~getative pathogens by pasteurization and the prevention of recontami
nation at all stages up to point of sale, the microbiological status of 
ingredients with particular reference to thermoduric organisms and 
preformed toxins and the prevention of microbial growth before 
freezing. 

9.4.1 Ice cream and foodbome disease 
To some extent ice cream retains a reputation as a high-risk food. This is 
unjustified for commercially produced ice cream in developed coun
tries where the safety record over many years has been very good. In the 
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UK, for example, the last confirmed outbreak of food poisoning associ
ated with ice cream occurred in 1955. This record may be attributed to 
the use of high quality ingredients and the strict control of pasteuriza
tion of the mix and of hygiene during subsequent operations. 

Complacency should, however, be avoided and the isolation of Listeria 
monocytogenes from ice cream in the US demonstrates the continuing 
vulnerability of the ice cream making process and suggests that a 
re-evaluation of procedures with respect to this organism is necessary. 
Special attention should be paid to the efficiency of less-rigorous 
pasteurization procedures and to the control of Listeria in the environ
ment. A further potential pathogen, Aeromonas caviae, was isolated 
from 4.7% of ice cream samples examined in Wales, but the public 
health Significance of this finding is not clear. 

9.4.2 Bacteriological standards 

In many, but not all, countries legislative standards are applied to ice 
cream. These are usually based on 'total' viable count, coliforms and the 
absence of pathogenic micro-organisms and vary in severity (Table 9.7). 
An exception is the UK where, in the absence of standards, the 
methylene blue dye reduction test is applied by health authorities as a 
guide to hygiene standards. 

9.4.3 Microbiological analysis 

Methods used for liquid milk (Chapter 2, pages 97-8) are generally 
suitable for ice cream. In the case of coliforms, the International Dairy 
Federation specifies both a routine method involving plating onto violet 
red-bile agar (incubation 22 h at 30°C), and a reference method 
involving a most probable number estimation using brilliant green
lactose-bile broth (incubation 48 h at 22°C). Where liquid media are 

• Ice cream was the vehicle of infection in an outbreak of typhoid fever in Abery rwyth, 
Wales during 1947, which involved ca. 210 cases and four deaths. 1l1is outbreak was 
unusual in that the ice cream was contaminated by the maker, a urinary carrier of 
almonella typbi. This person had suffered typhoid fever some years earlier, but had 

been cleared as a food handler on the basis of negative-stool te tS. 
Ice cream was also the vehicle of infection in a single case of Sbigella fle.xnerl food 

poisoning. This case was unusual in that the ice cream was infected by a monkey in the 
petS' comer of a departmem tore, which touched the ice cream during the course of 
consumption by a child. PetS' comers are no longer a feature of department stores in the 
UK, but there are unsubstantiated alleglltions of food poisoning due to contamination of 
food by monkeys kept by street photographers in Spain. 
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Table 9.7 Microbiological standards for ice cream 

International Dairy Federation total count 105/g 
coliforms 102/g 

BEe 
(whole product pasteurized) 

Post-pasteurization additions) 

UK 
US 

Australia 

France 

Japan 
(3% milk fat ice cream) 

absence of vegetative pathogens 

total count 105/g 
coliforms 102/g 
total count 2 X I05/g 
coliforms 2 X 102/g 
none (see text) 
total count 5 X 104_105/g 
(varies by State) 
total count 5 X 104/g 
coliforms <O.lIg 
absence of pathogens 
total count 3 X I04/g 
absence of pathogens 
total count 5 X 104/g 
total count 1 X 104/g 

used, false-positives can be a problem at low dilutions due to carry-over 
of sucrose, or other fermentable carbohydrate, from the ice cream. 

The methylene blue dye reduction test is technically simple and 
involves measuring the period of time taken to decolourize methylene 
blue during incubation at 3 rc after preliminary incubation at 20°C for 
17 h. 

The methylene blue reduction test is recognized as being imprecise and 
its value in assessing the microbiological quality of ice cream has been 
questioned on many occasions. In contrast, it has been been argued that 
despite conceptual shortcomings the worth of the test has been proven 
in practice and that its application has been of major value in raising the 
hygienic standards pertaining in ice cream manufacture. Despite this 
plate count methods are generally considered to be more suitable 
where hygiene standards are generally high and it is likely that such 
methods will replace the methylene blue reduction test. 

• Application of the methylene blue test involves grading according to the time to 
decolourization (> 4.5 h , grade 1; 2.5-4.0 hi grade 2· 0.5- 2.0 h , grade 3; 0 h h , grade 4). 
Performance is assessed on the basis of a year of sampling when it is expected that 50% of 
samples are grade I , 80% grade 1 and 2, nor more than 20% grade 3 and none grade 4. 
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Examination of ice cream for specific pathogens is, in most cases, 
considered neither necessary nor desirable and the effort involved 
would be better employed implementing safety assurance procedures. 
National regulations stipulating 'absence of pathogens' are subject to 
wide variations in interpretation and it is inconceivable that any sane 
microbiologist would wish to test for all organisms which could, 
conceivably, be present in ice cream. 

In practice, Salmonella and Listeria monocytogenes are of greatest 
concern and may be tested for by standard cultural techniques or by use 
of rapid methods. Routine examination for these organisms is not, 
however, necessary. 

Additions made to ice cream after pasteurization are potential sources of 
hazard and, under some circumstances, microbiological examination 
may be considered appropriate. 
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EXERCISE 9.1. 

Manufacturers of branded ice cream must be willing, and able, to 
invest heavily in advertising to protect the market share of the 
brands from the inroads made by the own-label lines of multiple 
retailers. Smaller manufacturers are often financially unable to 
support the advertiSing required and must seek alternative strate
gies, including diversification into niche markets. You are Market
ing Director of an ice cream manufacturer seeking niche markets. 
Decide the most suitable types of ice cream (in terms of fat 
content and overrun) for sale in the following markets. Draw up 
an outline list of flavour combinations, colours and any added
value ingredients. 

1. Night clubs catering for energetic, fashion-conscious, 21-25 
year olds. 

2. Barbecues, held predominantly by relatively afiluent, 25-49 
year old homeowners. 

3. Fitness suites and clubs catering for a clientele ranging from 
the more dedicated aerobics enthusiasts to serious weight 
lifters and martial arts practitioners. 

4. Henley Regatta. 

EXERCISE 9.2. 

A wide range of low fat dairy desserts are available leading to 
considerable confusion amongst consumers and, for this reason, 
the UK Milk Marketing Board has launched a special advice service 
in an attempt to clarify the situation. One of the most confusing 
areas is that of fat content since consumers are attracted by 
descriptors such as 'less than half the fat of dairy ice cream' and 
'almost no fat' yet, despite nutritional labelling, find comparisons 
between different products (and dairy ice cream) difficult to 
make. Design a classification scheme for low fat dairy desserts (cf 
low fat spreads, Chapter 6, page 226, yoghurts, Chapter 8, page 
353) deciding the maximum permitted fat content in each cat
egory. Should fat content be the sole criterion in classifying foods 
of this type which are purchased for their perceived 'healthful' 
qualities? 
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EXERCISE 9.3. 

You are employed as a technologist by a regional ice cream maker 
supplying a number of seaside resorts. In recent years sales have 
been falling due to competition from national brands and the 
declining popularity of the resorts supplied. Your company have 
been approached by a medium-sized, but aggressively expanding, 
multiple retailer, who wishes to develop a range of own-label 
goods including ice cream. The offer is financially attractive, but 
will require your company to undertake most of the development 
work and some capital expenditure may be required. An element 
of financial risk thus exists since the introduction of own-label 
lines by the retailer is to be on an experimental basis. There is 
considered to be no difficulty with standard, high overrun, bulk 
packed ice cream, but there is also a requirement for a premium 
and a super-premium range. The retailer has stipulated that these 
should be 'as close as possible to own-label market leaders in 
quality', but at a 'Significantly lower cost'. Before undertaking 
expensive development work you are asked to consider the 
feasibility of this requirement and to discuss the advantages and 
disadvantages of possible approaches. What alternative strategies 
could your company develop to offset the decline in their 
traditional market? 

EXERCISE 9.4. 

What are the major microbiological hazards associated with the 
following ingredients added after pasteurization? Discuss possible 
means of minimizing these hazards, indicating those ingredients 
where microbiological examination is considered necessary and 
the minimum standards of acceptability required. 

1. Chopped mixed nuts. 
2. Sugar-preserved fruit. 
3. Pour-over fruit sauce (pH value 4.7), containing gelatin as a 

thickening agent. 
4. Desiccated coconut. 
5. Chocolate flakes. 
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Clostridia, lactate fermenting 287-8, 
339 

Clostridium 41, 94, 151, 152, 319 
Clostridium botulinum 319 

food poisoning 
cheese 335-6 
yoghurt 381-2 

Clostridum butyricum 339 
Clostridium perfringens 35, 151 

food poisoning, milk 151 
Clostridium sporogenes 339 
Clostridium tyrobutyricum 339 
Coffee whitener, see Cream substitutes 
Coliforms 98, 151, 153, 155,385 

detection in ice cream 427--8 
taints in milk powder 153 

Colouring 292, 398, 420 
Concentrated milk 113-14 
Concentrated milk products 103, 104, 

113, 114 
age thickening 144-5 
chemical analysis 148 
control points 115, 117, 118, 120 
end-product testing 122 
heat stability 141-4 
ingredient use 73, 392-3 
microbiological analysis 154 
nutritional properties 138 
spoilage 151-2 

Concentration 
methods 104 
see also Evaporation; Freeze 

concentration; Reverse osmosis; 
Ultrafiltration 

physico-chemical changes during 140--1 
Concentration factor 140--1 
Continuous buttermakers 234-5 
Copper, as pro-oxidant 19,83,227,231, 

265 
Co-precipitation, caseins and whey 

products 175-6 
Co-randomization, fats 246, 259-60 
Corynebacterium bovis 35 
Corynebacterium pyogenes 35 
Coryneform bacteria 35, 36, 94 
Cottage cheese 281,285,309,310,315, 

340 
and healthful diet 316 

Coxiella burnetii 40,41, 48 

Cream 
added value 208 
coffee 130, 198, 201 

feathering 201,213-14 
clotted 204-5, 219, 220 
chemical analysis 215-16 
control points 186, 195, 196, 199 
double 200--1,212 
dried 205-6 
end-product testing 208-9 
fat content 184, 198, 200, 202, 204 
flavour and aroma 211-13 
frozen 206--7 
half 200 
handling 194 
ingredient use 206, 209-11, 300, 392 
low fat 184 
manufacture 185-99 
microbiological analysis 220--2 
milk for 184-5 
nature of 183 
nutri tional properties 211 
prewhipped 203-4 
single 200 
spoilage 217-20 
tain~s 197 
viscosity 199-200, 213 
whipping 201-2, 209-10 
see also Cultured cream 

Cream cakes and desserts 209-19, 220 
food poisoning 209,210,217 

Cream liqueurs 210--11 
Cream substitutes 207--8 
Cryptococcus 271, 340 
Cryptococcus neoformans 35 
Cryptosporidium 38 
Cryptosporidium parvum 44 
Cultured buttermilk 365-6, 382 

see also Buttermilk 
Cultured cream 207, 365-6, 366 

see also Cream 
Custards 388 

Dairy industry 3-6 
Dairy products 

adulteration 86,87,266--7, 379 
bifid amended 71, 360, 417 
cholesterol reduced 71,225, 317-18, 

369, 393, 417 
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Debaryomyces 311, 383 
Dehydrogenation, milk fat 261 
Demi -sel cheese 3 10 
Derby cheese 295, 3 15 
Diacetyl 230, 265, 371, 373 

detection 267 
production by starter cultures 278, 

282, 349 
Diafiltration 118, 167, 176, 314 
Double Gloucester cheese 290, 295 
Drying, principles 122-4 
Dunlop cheese, 295 
Dutch-type cheese 279, 298, 331 

Edam cheese 298,313, 314, 325, 328, 
339 

Electrodialysis 164 
Emmental cheese 301, 303, 304, 325, 

327, 339 
Emulsifiers 

in cream liqueurs 210 
in cream substitutes 207 
in ice cream 397-8, 420, 421-7 
in margarine and spreads 241, 247, 

252, 253 
mechanism of 421-2 
in proceessed cheese 318 

Emulsions 
changes during processing and storage 

14-15, 234-5, 255 
instability 198, 210 
phase reversal 247 
structure of butter, margarine and 

spreads 252, 263 
Endiothia parasitic a 293 
Endospore-forming bacteria 58, 36, 93, 

151,218 
detection 99, 154 

Endospores 
in cheese milk 287-8, 298, 301, 339 
of Coxiella burnetii 41, 48 
dormancy 219 
enumeration 97 
in fermented milks 354 
inactivation 46, 58, 94, 198, 219 
in processed cheese 319 
of thermophilic bacteria 69, 95 
survival of heat treatment 45, 93, 95, 

197, 218, 219 

Enterobacter 91, 92, 15 1 
Enterobacter agglomerans 340 
Enterobacter sakazakii, meningitis, milk 

powder 151 
Enterobacteriaceae 

in butter 271 
in cheese 338--9 
in concentrated milk products 152, 153 
in cream cakes 220 
effect of storage temperature 92 
in milk powder 151 
milk spoilage 41 

Enterococcus 41,94, 153, 154, 180,21 
Enterococcus faecalis 152 
Enterococcus faecium 271, 336 
Environmental chemicals, in milk 32-3 
Enzyme-modified cheese 306, 320 
Escherichia coli 34, 40, 272 

and cheese flavour 339 
detection in cheese 342 
food poisoning 

milk 44 
soft cheese 334-5 

growth in cheese 312, 332 
as index organism 92, 153, 272, 335 
mastitis 35 

Evaporation 104, 133, 320 
principles 104-5 

Evaporators 
falling film design 105-7, 163 
multiple effect 108--9, 110 
recompression 109--10, 163 

Extended heat treatment, cream 197, 
218--19 

Fat 
analysis 267-8 
adulteration 266-7 
in butter 229--30, 243, 265, 263-5 
crystallization and crystal morphology 

17-18, 256, 257-8 
in ice cream 387-9, 390, 399, 407, 

421-2,423 
function of 391 
sources of 392-3 

in margarine and spreads 
crystallization 249-52 
importance of 244-5 
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sources of 241,243,244-5,253 
structure 263--4 

medium-chain triacylglycerol 318 
oxidation 19, 83, 146, 147,212-13, 

265 
zero-calorie 225 
see also Marine oils; Milk fat; Vegetable 

fat 
Fat content 

determination 85, 86, 148, 266, 426 
novel methodology 86, 194, 215, 
331 

Fat replacers 
cheese products 417 
cream substitute 208 
low fat frozen desserts 389, 393, 419 
spreads 225, 254, 269 

Fatty acids 
carbon number 16 
in cheese 326, 329-30 
in cream 191, 212, 215 
dietary importance 21, 22, 225, 226 
effect on fat crystals 260 
fat deterioration 19, 26, 83 84 
in fermented milks 373 
monounsaturated 16, 225, 245 
n-3 226 
polyunsaturated 21, 225, 245, 246, 

253, 317 
Fermented milks 

chemical analysis 379 
classification 347 
end-product testing 370 
environment for micro-organisms 

380--1 
flavour compounds 372--4 
ingredient use 364 
microbial slime in 378-9 
microbiological analysis 383-5 
nutritional properties 370--2 
spoilage 382-3 
therapeutic properties 359-60, 364-5, 

368-9 
see also Yoghurt and other individual types 
Fermented milk analogues 369 

Feta cheese 308 
Filmjolk 368 
Filtermat dryer, see Spray drying 
Flavobacterium 92, 95 

Flavoured milk, see Milk, added- value 
Fluidized bed dryers 128-9, 169, 172 

see also Spray drying 
Foam spray drying 129,147 

see also Spray drying 
Formate production, yoghurt fermentation 

358 
Fractionation, fats 104, 113 
Freeze drying, yoghurt 364 
Fromage frais 310 

Gamma ray sterilization 328 
Gammelost cheese 301 
Gels 

acid 322--4, 375-7 
acid:rennet 324 
rennet 322-5 

Genetic modification, micro- organisms 
280,281, 293 

Geotrichum 271 
Geotrichum candidum 218, 304, 311, 368, 

373 
Glucono-delta-Iactone 293, 376 
Glycolysis, cheese ripening 327, 330--1 
Gorgonzola cheese 300, 304-5 
Gouda cheese 

aw level 332 
manufacture 288, 292, 298, 313 
ripening 327 
spoilage 338, 339 

Ha/nia 92, 152 
Half and half, see Cream, half 
Halloumi cheese, 136 
Heat stable enzymes, detection 87 

see also Lipases; Proteinases; 
Psychrotropic bacteria 

Heart disease and dairy products 21-2, 
78,225-6,317-18 

Homogenization 
of anhydrous milk fat 255 
of cheese milk 286, 300 
of cream 196, 200, 202, 207, 366 

control of feathering 201 
control of broken body defect 199 
effect on viscosity 213 
prevention of creaming 198 

of cream liqueurs 210 
of ice cream mix 407, 416 
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of milk 53, 55, 58, 63 
effect on fat digestibility 78 
pre-concentration 114, 115, 117 

of spreads 254 
principle 55 
of soft cheese curd 307, 310 

Hutin-Stenne system, cheese making 313 
Hydrogen peroxide, as sterilizing agent 6, 

68, 197 
Hydrogenation, of fats 245, 253, 260-1 

Ice cream 
added value 398---9, 413 
bacteriological standards 427, 428 
chemical analysis 426 
consumer preferences 390-1 
control points 400, 406, 407, 408, 

409,414 
end-product testing, 418, 426 
food poisoning 398, 426-7 
hygiene, retail outlets 415, 418 
manufacture 391-415 
microbiological analysis 427 
nutritional properties 420 
off-flavours 181, 395 
overrun 399, 407, 409-10, 411, 426 
packaging 414-15 
special types of 

dietetic 417 
high fat 416 
high solids-non-fat 416 
Italian-style 416-17 
soft-scoop 415-16 
soft-serve 417-18 

structure 420-1, 423-5 
vehicle of Salmonella typhi 427 

vehicle of Shigella dysenteriae 427 
Ice cream freezers 399,410-13,417-18 
Ice cream mix 

ageing 408, 422-3 
blending 404-5 
freezing 408, 409-13 
heat treatment 404,405-6,417,418 

Ice cream products, nature of 387-90 
Imitation cream, see Cream substitutes 
Impastata cheese 309 
In-bottle sterilization 68---9, 76, 77, 78 

see also Milk, in-bottle sterilized 

In-container sterilization, cream 198, 219 
Infant food 127, 130, 164, 177, 364 

food poisoning 150 
microbiological quality 149, 180 

Insolubility index, milk powder 145, 146, 
147 

Interesterification, fats 246, 261-2 
Iodine number (value), fats 267-8 
Ion exchange 164-5, 168---9, 170, 171 

Jones system, bulk starter preparation 283 

Kefir 348, 366-7, 373 
Kefir grain 348, 366-8 
Kluyvera 340 
Kluyveromyces lactis 165, 178, 293 
Kluyveromyces marxianus 

var. lactis 348, 368 
Kluyveromyces marxianus 

var. marxianus 348, 366, 368 
Kopanisti cheese 329, 339 
Koumiss 348, 368 

Lactate metabolism, in cheese ripening 
304, 305, 312 

Lactic acid 93, 164, 339 
acid casein manufacture 161 
as acidulant 419 
cream ripening 231, 232 
as flavour compound 277, 323 
inhibition of Campylobacter 40, 381 
inhibition of micro-organisms 269, 

280, 332, 380, 381 
metabolism by Propionibacterium 304 
production by starter cultures 276, 

296-7,302,341 
Lactic acid bacteria 

as starter cultures 276-8, 348 
non-starter strains in cheese 296, 304 

Lactic cheese 307, 309 
Lactobacillus 

in cheese 296, 304, 305, 339 
cream liqueur spoilage 210 
genetic modification 280 
lactose metabolism 279 
in milk 41, 92, 93, 94 
starter species 278, 281 
in yoghurt 349, 384 
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Lactobacillus acidophilus 350, 359, 364-5, 
366, 368, 369 

Lactobacillus brevis 338 
Lactobacillus buchneri 336 
Lactobacillus casei 306, 359, 366 

ssp. casei 369 
Lactobacillus delbrueckii 

ssp. bulgaricus 356, 371, 382 
as cheese starter 278, 301, 302, 308 
as fermented milk starter 357-8, 
365, 368, 369 
lactose metabolism 279 
nodulation of yoghurt 359, 377 
stimulation by formate 374 

ssp. lactis 278, 279, 301 
Lactobacillus fermentum 336 
Lactobacillus helveticus 278, 301, 302, 329, 

336 
ssp. jugurtii 358, 359 

Lactobacillus kefir 366, 367 
Lactobacillus kefiranofaciens 366, 367 
Lactococcus 

acetaldehyde formation 369 
bacteriophage 282, 284 
genetic modification 280 
lac- strains as starters 307 
milk spoilage 92 
starter species 278, 281, 310 

Lactococcus lactis 207,231,301,356 
ssp. cremoris 

as butter starter 230 
as fermented milk starter 365, 366 
plasmid-borne properties 280 
slime forming strains 379 

ssp. lactis 
as butter starter 230 
cheese spoilage 340 
as cheese starter 278, 283, 290, 302, 
307,310 
fast acid producing sttains 296 
as fermented milk starter 365, 366, 
368 
milk spoilage 93 
nisin producing strains 281 
plasmid-borne properties 280 
slime forming strains 379 

ssp. lactis var. diacetylactis 
antagonist production 281 
as butter starter 230 

cheese spoilage 283 
as cheese starter 278, 298, 300, 310 
diacetyl production 279, 280, 375 
plasmid-borne properties 280 

Lactones 
flavour of dairy products 

butter 265, 266 
cream 211, 212 
milk 14, 77 
yoghurt 373 

Lactoperoxidase system 26, 34, 47, 286, 
287, 288 

Lactose 
in cheese 321, 328 
crystallization defect 

in milk powder 147 
in ice cream 393, 394, 395, 400, 
412 
in sweetened condensed milk 119 

effect of heating 79, 85 
enzymatic hydrolysis 71 
extraction from whey 164 
importance as milk constituent 22-3 
intolerance 23,71,72,321, 369, 371 
removal by diafiltration 3 14 
seeding with 119, 133 
structure of ice cream 423 

Lancashire cheese 298, 334 
Langfil 379 
Lecithin, as emulsifier 247, 397 
Lecithinization, whole milk powder 135 
Leuconostoc 278,279,281,349,366,373 
Leuconostoc mesenteroides 

ssp. cremoris 230, 231, 278, 310, 365 
Lewis system, bulk starter preparation 283 
Limburger cheese 299, 304, 311, 329 
Lipases 19-20, 25, 82-3, 197, 256 

in butter 271 
in cream 191, 196, 206, 207, 212, 222 
in freshly drawn milk 26 
spoilage of UHT milk 84 
in Swiss-type cheese making 301, 330 
see also Psychrotrophic bacteria 

Lipolysis 19, 83, 212 -
cheese ripening 300, 327, 329-30, 337 

Lipolytic micro-organisms, enumeration 
271 

Listeria monocytogenes 34, 35-6, 39 
behaviour in cheese 332, 333 
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control by antagonists 281 
food poisoning 

cheese 335 
cream 216 
milk 44,89 

growth in butter and spreads 269, 270 
in ice cream 427, 429 
resistance to pasteurization 48, 89-90, 

287, 405 
survival in yoghurt 381 

Low fat frozen desserts 364, 389, 390, 
391, 395-6,418-19 

Lysinoalanine formation 12, 78-9, 173 
Lysogenic cultures, see Bacteriophage, host 

relationships 

Maillard reaction 84-5, 118, 140, 166, 
173, 199 

cooked milk flavour 80 
nutrient losses 78, 138, 139 
Margarine 224-5, 247 
chemical analysis 267-8 
control points 248, 249, 250 
end-product testing 252 
ingredients 245-8 
manufacture 248-52 
microbial stability 268-9, 271 
microbiological analysis 271 
nutritional properties 257 

Marine oils 226, 245, 253 
see also Fats 

Mastitis 4,26,35, 214 
Methanethiol, flavour of cheese 326--7 
Methylene blue test 98, 220, 428-9 
Metschnikowia 383 
Micelia 383 
Microbacterium 94 
Microbacterium lacticum 94 
Micrococcus 

butter spoilage 270, 271 
cheese ripening 304, 305, 306, 312 
cheese spoilage 338 
methanethiol production 327 
in milk 35, 36, 94 
sweetened condensed milk spoilage 153 

Microfiltration 176 
Micromonospora 152 
Micro-organisms 

enumeration in milk 96-8 

non-starter in cheese ripening 303, 
304, 327-8, 329, 330-1 

Milk 
added value 72-3 
anti-microbial systems in 33-4, 47 
biosynthesis 6--8 
chemical analysis 85-8 
composition 1, 2, 8-27 
flavour 27-8 
food-borne disease 5-6, 35-6, 38-40, 

44,88-91 
gelified 74-5 
in-bottle sterilized 45, 70, 68-9, 95-6 
see also In-bottle sterilization 
lactose-hydrolyzed 71-2 
microbiological analysis 96--100 
nutritionally modified 43, 69-71 
nutritional properties 13, 21-2, 76--80 
pasteurized 

control points 48, 52, 56, 57 
end-product testing 58 
microbiological standards 98 
packacing 53, 54-7 
processing 46--57, 58, 59, 94 
spoilage 91-4 
see also Pasteurization 

production 1-4 
taints in 27-8, 56 
Ultra-heat-treated 19-20, 58-68, 91 

age-thickening 84 
control points 64, 65, 67 
definition 45 
flavour 80-2 
packaging 64-6 
processing 60-4 
sedimentation 85 
spoilage 94-5 
sterility testing 98-9 
see also Ultra-heat-treatment 

Milk analogues (substitutes) 43, 75-6 
Milk fat 

dietary modification 18-19, 243 
fatty acid composition 13, 14, 15-16, 

18-19, 24, 259 
importance as milk constituent 13-18 
lipid composition 14, 15 
nutritional properties 16, 21-2 
triacylglycerols of 15-18,213,229-30, 

258, 261-2, 422-3 
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see also Fat; Vegetable fat 
Milk fat globules 14-15,78, 141,207, 

228, 309, 369 
buttermaking 234-5, 262-3 
in cheese curd 326 
in cream separation 184, 185, 186, 

187, 189 
effect of homogenization 53, 213, 300, 

374 
in ice cream 124, 126 
types of 263 
in whipping of cream 214-15 
in yoghurt coagulum 377 

Milk fat globule membrane 
and fat oxidation 83, 213 
flavour of cream 211 
production of sulphydryl groups 135 
rupture in processing 255, 425 
stabiliry of fat globules 14 
whipping of cream 201 

Milk fat products 256-7 
anhydrous milk fat 121, 135,244, 

255,315,392 
butter oil 210, 255 
dried cream 205--6 
fractionated milk fat 226, 256, 392-3 
functional properties 257 
ghee 255 
hydrolyzed milk fat 256 
ingredient use 121, 135,257,392-3 

Milk ice 388-9 
Milk powder 

change during storage 147 
chemical analysis 148 
end-product testing 136 
food poisoning 149-5 1 
high fat 135 
ingredient use 73, 134, 137, 246, 318, 

393-4 
fermented milks 353, 373, 379-80 
functional properties 136-7 
recombined products 122, 244, 315 
special types 132-3 

manufacture 130--6 
microbiological analysis 155--6 
micro-organisms in 153-4 
nutritional properties 138-9 
packaging 13 5--6 
physical and chemical properties 145--6 

skim 130-4, 176 
heat treatment of milk for 132-3 
high heat 122, 132, 147 
high protein 134 
lipase-reduced 132-3 
low heat 132 
low protein 134 
low calcium 132 
medium heat 132, 393, 384 

whole milk 134-5 
Milk proteins 12-13, 78-9, 423 

as emulsifiers 13 
importance as constituents of milk 2, 

8-11 
nutritional properties 13 
see also Casein; Proteins; Whey proteins 

Milk protein concentrate 176 
Minerals 23-5, 79-80, 314 
Monilia 383 
Monterey cheese 303, 304 
Moulds 

cheese ripening 286, 300, 304-5, 311, 
312 

control by preservatives 269, 380 
detection 221, 383 
source of milk clotting enzymes 293 
spoilage 

butter 271 
cheese 332, 338, 340 
clotted cream 220 
fermented milks 383 
sugar syrup 394 
sweetened condensed milk 120, 153, 
155 

Mousse 74, 204, 208, 389 
Mozzarella cheese 302,309,316,321 
Mucor 301,311,383 
Mucor miehi 293, 333 
Mucor pusillus 293 
Mutagens, in heated milk 83 
Mycobacterium bovis 35, 38, 39 
Mycobacterium tuberculosis 35, 38, 39, 48 
Mycotoxins 30-1, 300, 328, 338 

Nisin 118, 205, 219, 281, 319 
NIZO systems 

cheese making 313 
cream ripening 231 

Nocardia 35 
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Parev ice 388 
Parmesan cheese 290, 301, 303, 395-6, 

339 
Pasta filata cheese 302-3 
Pasteurization 

cream 196, 197, 295, 227, 229 
definition 44-5 
effect on nutrients 76, 77, 78 
high protein dryer feed 134 
ice cream mix 404-5,496,418,426, 

427 
margarine ingredients 249 
milk 46, 47-51, 73 
technology 47-51, 406, 407 

Pearson's square 192-3, 402--4 
Pediococcus 278, 304, 331, 339 
Penicillium 

cheese ripening 301, 306 
spoilage of dairy products 153, 218, 

271, 337-8, 383 
Penicillium camembertii 311, 312 
Penicillium roquefortii 300, 304, 305, 328, 

330 
Peptides 

bitter in cheese 292, 293, 317, 328-9, 
339 

taste quality 328 
Peroxide value, of fats 267 
pH value 

anhydrous milk fat manufacture 255 
of cheese 332, 340 
in cheese making 294, 296, 297, 298, 

325, 341 
in cheese ripening 305, 312, 327-8, 

336 
in cream ripening 231 
deterimination of 33 1 
effect on micro-organisms 268, 312, 

332, 333, 380 
of fermented milks 359, 372 
and gel formation 323, 324, 375-6 
lowering by Maillard degradation 85, 

140 
milk protein product manufacture 

168-9, 170, 174, 176 
and preservative action 162, 163, 269 
and stability of UHT milk 48, 87 
of whey 159, 161 
yoghurt manufacture 361, 362, 380 

Phage carrier state, see Bacteriophage host 
relationships 

PhenylalanineJ05-Methionine106 bond 9, 
170, 322-3 

Phenylketonuria 177 
Phoma 338 
Pichia 340, 383 
Plasmin 25-6,84, 327, 328,329,376 

see also Proteinases; Proteolysis 
Poliovitus 44 
Port du salut cheese 299 
Preservatives 

cheese 298, 310, 319 
fermented milks 380 
margarine and spreads 248, 253, 269 
whey 162, 163 

Processed cheese 318, 319 
Proline, flavour of Swiss-type cheese 329 
Propionibacterium 302, 329, 330 
Propionibacterium freudenreichii 304, 305 
Propionic acid, flavour of cheese 304 
Protein 

determination 86, 148,331,426 
hydration 375, 407-8 
in milk analogues 75 
nodulation in yoghurt 377 
sources 

in ice cream 393--4 
margarine and spreads 252, 246 

supplementation of yoghurt 352-3, 
370 

Proteinases 25-6,41,47, 352, 376, 383 
age thickening 84, 95, 148 
cheese ripening 306, 327, 307 
inhibitors, in soya beans 75 
of starter cultures 278, 279, 280 
see also Psychrotrophic bacteria 

Proteolysis 
biogenic amine formation 336 
cheese 

ripening 327-9, 330 
spoilage 337, 338 

cheese milk quality 286 
Provolone cheese 302, 315 
Pseudomonadaceae 397 
Pseudomonas 
spoilage of dairy products 41, 92, 152, 

218, 220, 340 
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synthesis of heat-stable enzymes 95, 
271 

Pseudomonas fluorescens 306, 340 
Pseudomonas fragi 92 
Pseudomonas putida 340 
Psychrobacter 92 
Psychrotrophic bacteria 

enumeration 87, 96, 97, 98 
growth in ice cream mix 408 
heat stable enzymes of 19-20,41,47, 

84, 148,212 
see also Proteinases, Lipases 
in milking equipment 37 
spoilage of dairy products 41, 92, 
93,218,271 

Pullaria 383 

Quarg cheese 288, 309, 314, 340, 363 
Queso blanco cheese 308, 336 

Radio-isotopes, in milk 31-2 
Recombined concentrated milk 121-2, 

147 
Red Leicester cheese 292 
Reichert-Meissel number, fats 267 
Rennet 

active components 170, 292, 322 
see also Chymosin 
bitter peptide formation 317 
casein manufacture 170 
cheese manufacture 292, 293, 294, 

309, 310, 311 
see also Berridge cold renneting principle 
cheese ripening 293, 303, 304, 327 
high-lipase 301, 330 
in ice cream improver 397 
in modified cheese 288 
substitutes 293 

Rennet coagulation time 322, 323 
Reverse osmosis 104, 111-13, 133, 163, 

288, 353 
Rhizopus 301, 383 
Rhodococcus equi 21 
Rhodotorula 271, 383 
Ricotta cheese 302 
Ripening cultures 312, 317 
Roller drying 122, 124, 169, 172, 173 
Romadour cheese 327, 329, 330 
Romano cheese 327, 329, 330 
Roquefort cheese 299, 300, 304-5 

Saccharomyces 366, 383 
Saccharomyces cerevisiae 366, 373 
St Nectare cheese, microbial succession in 

311 
Salmonella 34, 36, 38, 39, 40, 73 

behaviour at low pH values 381 
detection 155, 156, 429 
food poisoning 

cheese 333, 334 
milk 88,89 
milk powder 149-50 

inactivation by heat 286, 287, 354 
mastitis 35 
in raw milk 44, 46 
survival in cheese 284, 333 

Salmonella agona, in raw milk 40 
Salmonella dublin 36 
Salmonella ealing, in milk powder 150 
Salmonella enteritidis, in home made ice 

cream 398 
Salmonella typhi, in ice cream 
Salmonella typhimurium 40, 333 
Sanitizers, starter failure 285 
Scandinavian ropy milk 368, 379 
Scania system, cream manufacture 192 
Scraped surface heat exchangers 243, 249, 

320,408 
Separation of milk 185-6, 191-2 
Separators 189-91, 227, 309 
Serratia 91, 92 
Sherbets 388, 389, 419-20 
Shigella flexneri, in ice cream 427 
Small, round, structured viruses, food 

poisoning 217 
Solid fat index, margarine blends 246 
Sorbets 389 
Sporobolomyces 340 
Spray drying 124-30 

caseinates 172, 173 
cream 205 
dryer design 125, 128-9, 130 
Filtermat dryer 129-30, 206 
milk 130---5 
yoghurt 364 
see also Drying, principles; Fluidized 

bed dryers; Foam spray drying 
Spreadable butter 241, 243 
Spreads 241, 244 

chemical analysis 268 
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fats in 225, 226, 255 
growth of pathogens in 269, 270 
ingredients 253-4 
manufacture 254-5 
microbial stability 254-5, 268-9 
microbiological analysis 271 
nutritional properties 257 
spoilage 271 

Stabilizers 
in cheese 310, 318-19, 320 
in cream 198, 203, 209 
in fermented milks 354-5, 359, 362, 

365, 372, 376 
in ice cream products 396-7, 412, 416, 

419-20,421,423 
in low fat frozen desserts 389, 419 
in milk drinks 72, 73, 74, 75 
nutritional properties 372 

Standardization 115, 116, 192-4, 290, 
352-3 

Staphylococcus aureus 35, 273, 385 
detection 155, 341-2 
food poisoning 

chocolate-flavoured milk 91 
cheese 333-4 
cream-based products 217 
milk powder 150-1 
whipped butter 270 

growth and enterotoxin production 
217,270,284,333 

Starter cultures 
antagonist production 280-1 
butter 230 
cheese 276-7,290-1,299 
cheesebase 320 
citrate metabolism 279, 280 
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see also Fermented milks 


