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1. INTRODUCTORY 

A. The Meaning of Quality 
The word "quality" applied to commodities means their "attributes or 
properties". Today the properties of dairy produce are studied and controlled 
in a highly scientific way, although it is not yet possible to measure all these 
properties objectively. Until recently, odour, taste and rheological properties 
could only be measured subjectively, but modern research is rapidly putting 
extremely refined laboratory methods at the disposal of the industry. It may 
be anticipated that in another decade all properties of dairy products that are 
of interest to the producer, manufacturer, distributor, and consumer will be 
measurable in the laboratory, either directly or indirectly. 

B. Properties Involved in Quality Control 
By quality we understand all those properties of a product which are of 

interest to the producer, manufacturer, distributor, retailer and the consumer. 
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The more important properties and defects of dairy products involved in 
quality control, and methods for their detection and control, are summarized 
in the tables under appropriate headings for each product. 

C. The Nature of Quality Tests in the Dairy Industry 

The technological advances of the last two decades, the increasing interest 
in quality of consumer goods, the amalgamation of smaller firms to form 
large units, the increasing laboratory facilities in the industry and the establish-
ment of more regulations and standards for dairy products have all helped 
to make the industry more quality conscious and so resulted in the steady 
growth of quality control. 

This aspect of the industry can be regarded in two separate though inter-
connected parts; the sensory, subjective or organoleptic tests made by ex-
perienced graders who are usually not qualified scientists, and laboratory 
tests usually made by technicians working under the direction of a scientist. 
These tests may be rheological, physical, chemical, biochemical, micro-
biological, or of a general nature usually classified as "miscellaneous", such 
as examination for the presence of extraneous matter, blood, etc. 

These two classes of information, sensory and laboratory, should be 
regarded as complementary. Some of the former, such as odour and taste, 
are much more sensitive than the most elaborate laboratory tests, although 
modern techniques such as gas chromatography are fast closing the gap 
between them. For some properties, such as spreadability of butter, it may be 
difficult to devise a test that measures a commercial property satisfactorily. 
Moreover, sensory tests are quick and cheap, but lack the objectivity of 
laboratory tests. Both types of test should always be included in any quality 
control scheme. 

D. Definition of Milk 

Milk is not technically defined under British law. The U.S.A. Federal 
definition is : "Milk is the fresh, clean lacteal secretion obtained by the com-
plete milking of one or more healthy cows, properly fed and kept, excluding 
that obtained within 15 days before and 10 days after calving, and containing 
not less than 8-5% of solids-not-fat, and not less than 3-25% of milk fat."1 

Davis and Macdonald2 suggest: "Market milk is the secretion of the cow's 
udder containing not less than 3 % fat and 8-5 % solids-not-fat, and in which 
casein nitrogen constitutes not less than 75 % of the total nitrogen, and which 
does not clot on boiling." 

The last two properties conveniently eliminate colostrum, bad "mastitis 
milk" and other abnormal fluids, and also badly soured and chemically 
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unbalanced milks. The terms "healthy", "normal", etc. cannot be defined 
and are therefore meaningless and should not be included in any scientific or 
legal definition. 

E. Definition of Dairy Products 

We may define dairy products as all foods and other commodities derived 
entirely or almost entirely from the milk of cows, buffaloes, goats and sheep. 
In the U.K. and U.S.A. cow milk is used almost universally, but in some 
countries the milk of the goat and sheep is used extensively, both as liquid 
and for manufacture, and in Asia buffalo milk may be as important as cow 
milk. 

F. Reference books and Reviews 

The following books and reviews deal with specific quality aspects of dairy 
produce. Analytical: Davis and Macdonald,2 Ling,3 A.O.A.C.,4 A.P.H.AA 
Physical problems: Scott Blair,6 Scott Blair.? Chemical problems: Aschaffen-
burg and Rowland,8 Aschaffenburg and Ling,9 Aschaffenburg,10 Ling,11 

Aschaffenburg,12 Ling,13 Pont,14 Pyne,15 Hawke,16 Jenness and Patton17 

Webb and Johnson,18 Rooke and Wheelock.19 Microbiological control: 
Chalmers,20 Demeter,21 Foster et al.22 Hammer and Babel,23 Hiscox and 
Briggs,24»25»26 Microbiological problems: Mabbitt,27 Reiter and M0ller-
Madsen,28 Nutritive value: McGillivray and Porter.29»30 McGillivray and 
Gregory,31 Porter and Garton,32 Gregory,33 Smith.34»35 Public health: Both-
well,36 McCoy,37 Enzymes: Shahani.38 Technology: Jensen and Jensen,39 

Krupin et al.,40 Guérault.41 Effect of light: Kon.42 Refrigeration: Jacquet 
and Thévenot.43 Grading (judging): Nelson and Trout.44 By-products: Whittier 
and Webb.4* Diseases of dairy cattle: Blackburn,46»47» 48 Morgan,49 Gibson.50 

General: Davis,51»52 Schulz and Voss,53 Storck and Hartwig.54 

2. SAMPLING OF DAIRY PRODUCTS 

A. General 

The generally accepted standard methods for sampling of dairy products 
are given by B.S.I.55 and Davis.51 Specific problems and conditions may 
require modification of these methods, and no rules can take the place of 
experience and judgment. The method of sampling should always be specified 
in reports. Samples must always be taken by a trained person and this applies 
especially to sampling for microbiological testing. 

For statistical treatment of results see Steiner, volume 1 of this series, p. 121. 
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B. Frequency of Sampling 

Producers' milks pose a special problem in sampling, especially if payment 
is made on quality, e.g. according to fat or total solids content or number of 
bacteria (p. 63). 

Where milk is bought on a fat basis, as in Ireland and other countries 
mainly concerned with butter manufacture, a sample can be taken every day 
and added to a cumulative composite containing preservative. Composite 
and alternate day sampling give very similar results.56 

For ordinary control purposes in the U.K. samples are taken by the buyer 
usually twice a month for the determination of fat and solids-not-fat (SNF) 
but with the inception of quality payment schemes there is some doubt as to 
whether this is sufficiently frequent.57-59 

Data for the influence of different sampling intervals on fat and SNF 
yields are given by O'Connor and Lipton.60 Wallace61 considers that the 
density method for SNF on a preserved 10 day composite sample is sufficiently 
accurate for the purpose of quality payment (p. 63). 

C. Transport of Samples 

Samples should be sent as quickly as possible to the examining laboratory 
and be protected from light and contaminating odours. With samples for 
chemical examination other than milk and cream, precautions should be 
taken to avoid exposure to temperatures below freezing point or above 20°C. 
Milk and cream should be held between 0 and 10°C. 

Samples for bacteriological examination should be cooled in the container 
to 0-3°C, and placed in an insulated transport container capable of main-
taining the temperature between 0 and 5°C. The samples should be tested 
within 6 hr of taking, if possible, but a lapse of 24 hr is permissible for butter, 
cheese, condensed milk and milk powder. 

If the sample has to be aged before testing, the method of transport should 
be defined by the bacteriologist. 

D. Preservation of Samples for Chemical Analysis 

A suitable preservative such as mercuric chloride, potassium dichromate 
or formaldehyde may be added to samples of liquid products for fat testing 
only. Preservatives can cause an appreciable error in tests for total solids 
and SNF because they add solids or increase density. The nature and quantity 
of such preservative should be in accordance with the instructions of the 
laboratory and should be indicated on the label. If no preservative is added 
and delivery to the examining laboratory is delayed beyond 24 hr the samples 
should be held at from 0 to 3°C. 
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Preservatives must NEVER be added to any sample required for bacterio-
logical or organoleptic examination. 

Details of sampling methods for various dairy products and descriptions 
of the equipment required are given in B.S. 809.55 

3. PHYSICAL METHODS 

A. Physical Methods for Quality Control 

Physical methods usually have the advantage of speed and objectivity, 
but they frequently have the disadvantage of high initial expenditure for the 
apparatus and difficulty in interpretation of the results in terms of subjective 
properties and economic values. Thus it may be possible to measure a con-
stituent or a consumer appeal property of a product by an absorption 
method in a few seconds, but the apparatus may cost £1000 or more. 
However, if it saves one technician, it will have paid for itself in one year. 

Interpretation of results, especially where properties related to sensory 
tests are concerned, is often a very difficult problem. However, even if the 
problem is not solved, a physical method may be most valuable in rapidly 
indicating any deviation from the normal in, e.g. colour, plasticity, moisture 
content, pH value, optical density, etc. The essence of quality control is the 
quickest possible detection of abnormalities in all senses. 

A number of relatively cheap instruments can be most usefully employed 
for quality control purposes, the most important being the refractometer 
(p. 33), the freezing point apparatus (p. 58), the microscope (p. 43), 
various colorimeters, rheological apparatus, pH meters and special moisture 
meters. Recent introductions are apparatus for measuring fat (p. 55), SNF 
(p. 56), lactose (p. 34) and for the scrutinizing of bottles (p. 162). 

B. Refractometer Methods 

The soluble solids of milk (lactose, whey proteins and salts) all influence 
the refractive index of their solutions and the r.i. of the serum has been used 
for a long time to measure these constituents2 and so indirectly the SNF of 
milk and the degree of concentration in condensing (p. 105).62 More recently, 
the method has been elaborated for milk.63» 64 Goulden65 has obtained values 
of 0-207, 0-187 and 0-140 ml/g for the sp. ref. increments of "casein", soluble 
proteins and lactose respectively. When used to measure SNF values the 
standard deviation of the method was 1-8%. A linear relation exists between 
the r.i. and the solids concentration in condensed skim milk. 

The refractometer is used in some countries to detect adulteration of milk, 
but it is far less reliable for this purpose than the freezing point test (p. 58). 
The r.i. measures basically the soluble SNF, so that any test for SNF would 

3 
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give a reading similar to that of the refractometer, which cannot distinguish 
watered milk from genuine milk low in SNF for physiological or pathological 
reasons, such as mastitis (p. 64). 

C. Infra-red Methods 

The speed of physical methods and the possibilities of automation are 
clearly two great advantages for any analytical control system and attention 
is now being paid to the development of such methods. Basically, the principle 
of all absorption methods is that the optical density at a particular wave-
length or other property is used as a measure of a particular group, e.g. 
carbonyl for fats, amide for protein, hydroxyl for lactose. Methods for dairy 
products have been described.66» 67 

D. Instrumentation 

Instruments play an important part in the control of all dairying manu-
facturing processes, mainly for measuring temperatures, pressures, flow rates 
and more recently pH values, viscosities and other rheological properties 
such as the "spreadability" of butter (p. 126). Where craftsmanship still 
exerts a powerful influence, as in cheese-making, instruments have not yet 
realized their potential because our knowledge of the inter-relationship of 
all the factors concerned is still far from adequate.68 

£. Automated Control 

It may be anticipated that, with fuller knowledge, better instruments and 
the steady improvement in laboratory techniques, all dairying processes will 
ultimately be controlled by physical methods involving instruments, and be 
fully automated. 

At the time of writing, automated procedures are being developed for 
estimating the following constituents of milk: phosphatase (using phenyldi-
sodium phosphate), protein (using the biuret reaction) and fat (using turbidi-
metric and colorimetric, viz. hydroxylamine and ferric chloride, methods). 

Recent developments are described in reviews.69-73 The automation of 
technological dairy processes has been described.74 

F. Rheological Measurements in Quality Control 

Rheological properties are of special interest for cream, condensed and 
evaporated milk, butter, cheese and cultured milks. For example, the tensile 
strength of a fluid food may be measured by forcing it slowly down a vertical 
tube of less than the critical diameter.75 For details of techniques see Refs. 6, 
7, 76, 77. 
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G. Radioactive Contamination of Dairy Products 
Dairy products are peculiarly susceptible to radioactive fall out because 

as cows eat grass and produce milk the isotopes quickly reach the public as 
milk or some milk product. 

Control of radioactivity is primarily a matter for governments but some 
large firms do their own checks. In 1964 the degree of contamination was 
very low and far below the officially accepted danger level.78 

Radioactive strontium, the chief hazard in dairy products, may be con-
siderably reduced by ion-exchange methods.79 See also p. 157. 

4. CHEMICAL AND BIOCHEMICAL METHODS 

A. Specific Constituents of Dairy Products 

Most chemical analytical methods are adapted for specific products and 
these are considered under appropriate headings. However, some constituents 
(e.g. lactose) or compounds formed (e.g. lactic acid) are of interest for several 
dairy products so that one basic method is possible. 

B. Lactic Acid (Determined Specifically) 

Routine control analysts and practical men in the U.K. dairy industry 
have become so accustomed to think in terms of titratable acidity as "per 
cent lactic acid" that the fundamentals of the subject have become obscured. 
It would be preferable to speak of titratable acidity in terms of "degrees"51 

or even as a buffer-value between the initial pH value and 8-4. All aspects of 
souring should be considered in terms of developed acidity. This is usually 
nearly all lactic acid (about 98 %) but in products such as butter and butter 
cultures, the proportion of other acids, e.g. acetic, may be appreciable, and 
propionic acid is also produced in some dairy products, e.g. Swiss-type 
cheese. 

The most accurate way of measuring simple souring is to determine the 
lactic acid specifically unless the initial acidity is known, as for example in 
bulk milk (over 1000 gallons) where an initial value of 0-14% "lactic acid" 
can be assumed.80 Simple and rapid colorimetric methods for lactic acid have 
been described81-83 e.g. oxidation to acetaldehyde and reaction with 
/7-hydroxydiphenyl.81"83 Some workers84»85 dealt with the problem as a rejec-
tion test for raw milk (see also p. 62) and Ling's ferric chloride method 
has been improved.86 

C. Lactose 

This sugar is the major constituent of milk (~4·6%) and controls the 
course of microbiological changes in all dairy products except butter. Unless 
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steps are taken to prevent it, milk and milk products undergo a lactic acid 
fermentation very rapidly and before other changes set in. Like casein it is 
unique as a constituent of foods and is of considerable physiological signifi-
cance. Its determination is only required for special purposes, e.g. sweetened 
condensed milk and in studying changes in the SNF fraction of milk. 

Grimbleby87 has investigated the factors responsible for errors in the polari-
metric estimation of lactose and described a method to overcome them. 
The green colour formed by the interaction of anthrone with carbohydrates 
is the basis of one method for determining lactose.88»89 An infra-red absorp-
tion technique has been proposed90 for the rapid determination of lactose in 
skim milk and condensed whey. 

D. Citric Acid 

This minor constituent (~0·2%) serves as a precursor of diacetyl, the 
butter-aroma substance in cream, butter, cheese and cultured milk. White 
and Davies91 have recently described a technique for its estimation. 

E. Phosphatase Tests 

Designed originally for detecting under-pasteurization of liquid milk92 

the phosphatase test has been applied in many modifications to other dairy 
products, and particularly to cheese, as in the Cornell test.93-95 Kosikowski9^ 
has described an ingenious dialysis method applicable to all dairy products 
which eliminates the problems of protein interference and turbidity. The test 
detects 0-1 % raw milk and a reduction of 1-2°F in high temperature-short 
time (HT-ST) pasteurization, e.g. at 158°F instead of 161°F. 

F. Chemical Standards 

Compliance with chemical standards for dairy products is probably the 
easiest aspect of quality control because the gross chemical composition, 
unlike the microbiological condition, is virtually constant apart from the 
usual loss of moisture for certain products, particularly cheese (cf. p. 127). 

The most frequently tested constituents are fat, moisture (which can be 
expressed inversely as total solids), solids-not-fat (total solids less fat), 
protein (total nitrogen x 6-38), ash and titratable acidity (p. 57). There are 
universally accepted simple routine control tests, and also accurate reference 
methods for all these constituents (Table 1), and reproducibility usually 
presents no problems. 

Chemical standards in the U.K. are given in Table 1. In other countries, 
there are often not only different standards, but different approaches to the 
problem. For example, butter usually contains about 82% fat, 16% water, 
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1 % protein (curd) and 1 % salt (sodium chloride). Countries have various 
maximum values for moisture and/or various minimum values for milk fat. 

The law in respect of fat and SNF standards for milk in Britain is peculiar 
and unsatisfactory. If the fat content is below 3 % or the SNF is below 8-5 % 
the milk is presumed to be adulterated unless the contrary is shown97. Genuine 

TABLE 1. Chemical standards for dairy products in the U.K. 

Product 

Moisture Solids-
(maximum) Fat not-fat 

(%) (%) (%) References 

Liquid milk 
(presumptive) 
Cream 

single 
double 
sterilized 

Butter 
Evaporated milk 
(unsweetened) 

whole milk 
skim milk 

Condensed milk 
(sweetened) 

whole milk 
skim milk 

Milk powder 
whole milk or 
full fat 
i fat 
i fat 
i fat 

Cheese 

16 

seep. 112 

See p. 160 

3-0* 

18 
48 
23 
80 (78) 

9 

9 

8-5 

2 (max.) 

22 
20 

22 
26 

97 

98 

99 

100 
100 
100 

101 
101 

26 

102 

* In Scotland 3-5% 

milk is often near 3 % fat in the flush period (May-June) and often under 
8-5 % SNF in late winter and early spring, but if shown to be genuine by the 
freezing point test (p. 58), the farmer cannot be convicted of adulteration. 
However, a buyer can refuse to accept such milk as not being of marketable 
quality. In practice, buyers accept a certain amount of genuine milk below 
8-5% SNF in January-April and all concerned appreciate that milk is poor 
in this respect at this time of the year. Clearly a buyer cannot run the risk of 
accepting more than a small proportion of poor quality milk. Milk containing 
less than 3 % fat is usually, and quite justifiably, rejected. 
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5. GENERAL MICROBIOLOGICAL ASPECTS 
A. The Complex Nature of Factors Controlling Quality 

Each type of food has its own structure, chemical composition, moisture 
content, acidity and oxygen tension. These factors decide the predominant 
microflora of the normal product, the vulnerability to certain organisms (i.e. 

TABLE 2. Organisms of importance for dairy products 

Food 

Milk 

Sterilized milk 

Sweetened 
condensed 
milk 

Milk powder 

Cultured milks 

Cheese 

Butter and 
margarine 

Organisms 
essential 

to product 

Nil 

Nil 

Nil 

Nil 

Streptococci 
Lactobacilli 

Streptococci 
Lactobacilli 
Others 
Streptococci 
(for ripened 
product) 

Micro-
organisms 

causing faults 

Thermoduric 
organisms 
Coliforms 
B. cereus 

Spores 

Yeasts 

7 

Yeasts, col i 

Bacteriophage 
Anaerobes 

Moulds 
Bseudomonas 

Organisms of 
public health 
significance 

M. tuberculosis 
R. burnetii 
Coliforms 
Staphylococci 
Salmonellae 
Br. abortus 

— 

Staphylococci 
M. tuberculosis 
Salmonellae 

— 

Type of "soil" 
or 

substrate 

Denatured 
protein 
Milk stone 
(calcium 
phosphate etc.) 

Denatured 
protein 
Milk stone 
(calcium 
phosphate etc.) 
Denatured 
protein 
Milk stone 
(calcium 
phosphate etc.) 
Denatured 
protein 
Milk stone 
(calcium 
phosphate etc.) 
Denatured 
protein 
Milk stone 
(calcium 
phosphate etc.) 
Whey 

"Grease" 

the characteristic fault-producing organisms), the potential danger of the 
food to humans, and the nature of the soil left on equipment and hence the 
choice of method for cleaning. All these factors and properties are thus 
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closely intertwined and any one can be considered satisfactorily only if many 
others are also taken into consideration. Quality control thus requires an 
extensive knowledge of the physical and chemical properties and micro-
biological behaviour of the product. 

The general concept is illustrated in essentials in Table 2, with particular 
reference to microbiological aspects. 

B. Microbiological Behaviour of Dairy Products 

The essential difference between chemical and microbiological properties 
is that the former constitute, for all practical purposes, a static whereas the 
latter constitute a dynamic property. The numbers of organisms in any 
dairy product are always changing unless the product is held at very low 
temperatures or has been sterilized. Moreover, the different types of micro-
organisms change in number at different rates depending on the type of 
product, its chemical composition (e.g. moisture content), its physical 
structure (e.g. porosity of cheese), age, temperature, osmotic pressure, oxygen 
tension, pH value, etc. These conditions vary very widely, and the organisms 
may be at any stage from the initial lag phase to the end of the die-away 
curve. Conditions of processing, e.g. drying out, salting, souring and addition 
of sugar, may create conditions favourable for specific types so that these 
grow at the expense of others. Some of these bring about changes inimical 
to the product and so produce well-recognized faults. Under certain conditions, 
usually of faulty processing, pathogens may occur or grow in dairy products 
and cause food poisoning, alimentary infections and other diseases such as 
undulant fever and bovine tuberculosis (p. 169). The problems of micro-
biological standards (p. 50) are, therefore, focused on specific types of 
organisms rather than total counts. Chemically inert non-pathogenic types 
are of no significance in dairy products. The types of chief interest are given 
in Table 2. 

All methods of processing, efficiently carried out, increase the life of milk 
as a food by suppressing microbiological growth in one way or another, 
sometimes by a combination of methods. These methods are summarized 
in Table 3. Some involve only mild heating and reasonable hygienic control 
in distribution (e.g. pasteurized milk and cream), some drastic heating and 
prevention of recontamination (e.g. sterilized and evaporated milk), and some 
additional factors such as reduction of moisture (e.g. cheese and milk 
powder), souring (e.g. yoghourt) and addition of sugar (e.g. sweetened con-
densed milk). The effect of the various types of processing is illustrated in 
figure 2 of Ref. 103. 

In England and Wales about 96 % of all liquid milk, and all manufactured 
milk, now receive some form of heat-treatment, and all milk supplies are 



40 J. G. DAVIS 

treated in a uniform manner from the point of view of quality control. 
Apart from a few special aspects, such as chemical stability tests for milk 
for condensing, and antibiotic tests for milk for cheese and yoghurt making, 
a standard control system is uniformly adopted. This is logical because not 
only is about 75 % of the milk used as liquid, but the method of utilization of 
any particular supply may vary from day to day. 

TABLE 3. Bacteria-reducing treatments for dairy products 

Chilling (10°C) 
Refrigeration (3°C) 
Condensing and addition of sugar 
Freezing 
"Shocking" or "flashing" (18 sec, 67°C 

or 3 sec, 71 °C) 
Pasteurization (18 sec, 71 °C) 

Spray-drying (as such) 
Roller-drying (as such) 
Steam treatment of cream 
Sterilization (classical) (20 min 110°C) 
Evaporation (unsweetened) 
Quick sterilization (u.h.t., 2 sec, 140°C) 
Irradiation 

Slow growth of some types 
Virtual cessation of growth 
Virtual complete bacteriostasis 
Cessation of growth and slow dying 
Slightly less than pasteurization 

Killing all types except thermodurics 
and spores 

Slightly less than pasteurization 
Slightly more than pasteurization 
Killing vegetative cells 
Killing all except few spores 
Virtual sterilization 
Sterilization 
Sterilization (if adequate) 

It is now universally accepted that a good quality raw milk supply is 
essential for the production of a good quality milk product. Although un-
desirable types of micro-organisms may be killed by heat-treatment or 
suppressed by unfavourable conditions in the product, extensive growth 
previous to processing may result in taints, or precipitation of protein, or 
destabilization of the fat globule, so that characteristic faults develop later 
in the product. Typical examples are dirty flavour in pasteurized milk usually 
caused by Sarcina lutea, derived from unclean utensils, physical instability 
in sweetened condensed milk where protein instability due to abnormal 
composition may be reinforced by early souring, and faults in cream and 
butter. Chilling or refrigeration of milk immediately after production is 
always desirable, unless it is processed immediately as in farmhouse cheese 
and in butter-making. However, Pseudomonas and other psychrophilic types 
(p. 49) can grow appreciably in 24 hr at 6-8°C if the initial contamination is 
heavy, due for example to milky water residues in utensils. These types 
attack the protein and fat in milk quite powerfully and lead to unpleasant 
taints. 
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C. The Impact of Refrigeration on Quality Control 
Until a few years ago the dairy industry in the U.K. was inadequately 

equipped in respect of refrigeration, particularly on dairy farms and many 
depots, dairies and creameries. In clean milk production the emphasis was 
on sterility of utensils rather than efficient cooling. The outlook is now (1968) 
very different and milk is generally cooled quickly to 10°C or under on farms 
and to about 3°C at depots. Pasteurized milk and cream are similarly rapidly 
chilled. Coupled with this improvement in the industry, more households 
are now equipped with refrigerators. These changes have modified the out-
look in respect of bacteriological control. Colony counts and coli tests at 
37°C are of even less account than formerly (cf. p. 77) and even tests at 30°C 
may be of little use for predicting keeping quality if the product is held at 
3-5°C. The consequence of this trend is that the psychrophilic count is 
attracting more and more interest in quality control. This test is made by the 
usual colony count method but with incubation of the plates for 7-14 days 
at 3-7°C, e.g. for 10 days at 5°C.5i, 52, so 

Many types of micro-organism in dairy products fail to grow below 12°C, 
and psychrophilic types are largely the "water Gram-negative bacteria" 
such as Pseudomonas, Achromobacter and Flavobacterium. Whereas raw 
milk held at 15°C or higher normally sours, at 5°C it will develop taints 
caused by bacterial attack on protein and fat. These "water types" or psychro-
philic bacteria may also be the cause of defects in butter (p. 125) and in canned 
liquid products due to contamination by the cooling water if the sealing is 
faulty.104 Some coli-aerogenes bacteria, particularly Aerobacter can grow 
luxuriantly at 3-5°C105 

Pathogens grow only slowly or not at all below 10°C. 

D. The Effect on Milk Quality of Non-daily Collection 

The crucial aspect of collecting at other than daily intervals is the keeping 
quality of the milk.106 Although milk can be held at below 5°C, and the 
keeping quality thus considerably enhanced, the psychrophils (p. 49) are 
able to grow and although they do not sour milk, they exert powerful lipo-
lytic and proteolytic effects and so adversely affect flavour (p. 48). Holding 
raw milk for 24 hr at 5°C results in an appreciable increase in the psychro-
philic count.107 However, from the economic point of view it would be 
very advantageous if milk could be collected from farms only every 
second day. This can be quite feasible if milk production methods are good 
and the farm is equipped with a bulk tank (p. 63). Thus for a large 
creamery collecting from, say, 600 farms the tankers would have to visit 
only 300 each day. 
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Έ. Microbiological Techniques 
1. General 

The errors of all microbiological examinations, especially of solid materials, 
are inevitably greater than those of chemical analyses. For this reason the 
most careful standardization of technique, especially in the treatment of the 
sample, is always necessary if reasonably consistent results are to be obtained. 
Because of the highly perishable nature of milk, cream, cultured milks, soft 
cheese and certain other dairy products it is essential that the most careful 
attention be paid to all details of technique in their microbiological examina-
tion, and particularly in the immediate chilling of the samples (except when 
otherwise specified), rapid transport to the laboratory and the quickest 
possible testing. Aseptic methods of sampling, sterility of containers, stan-
dardization of transport of samples and immediate examination in the 
laboratory are all of the greatest importance in this work (cf. p. 32). 

2. Pre-incubation of Milk Samples for Bacteriological Testing 
It is desirable in all microbiological quality control schemes to hold samples 

under the same conditions as apply in commercial practice, even if official 
tests are also made at standard temperatures. Formerly samples were usually 
held at 15°C but differing marketing methods may require different tempera-
tures. Thus for milk expected to last for 24 hr in the home a temperature of 
20°C is recommended, but for milk held refrigerated until consumed a tem-
perature of 5°C is obviously more suitable. The legal tests for graded milks 
require storage of samples at a standard temperature (p. 77) and "official 
but not legal" tests (e.g. for cream) may also require storage at a standard 
temperature (p. 93). 

3. Temperature in Relation to Microbiological Tests 
Dairy bacteriology inherited its methods from medical bacteriology, at 

least as far as the control of milk was concerned, and the shortcomings of 
the medical techniques were not generally realized until about 1930. The most 
serious error of these methods was the tradition of making all counts and 
other bacteriological tests at 37°C. Some organisms of importance in dairying 
may not grow at 37°C and others may grow but not produce a characteristic 
reaction. Some coliforms may grow but not produce gas at 37°C and so escape 
detection,108 and some defect-producing organisms may not produce that 
defect at 37°C. Thus a Pseudomonas producing a black pigment in butter 
would only do so at fairly low temperatures such as 15°C or lower.109 

The best temperature for general counts, including tube-dilution tests 
such as presumptive coliform and milk-souring organisms tests, is 30-32°C 
as virtually all micro-organisms of any importance in dairying will grow at 
this temperature. For yeasts and moulds the best all-round temperature is 
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27°C but 5 days at 22°C is quite suitable. Obligate thermophils, which are of 
interest for sterilized and evaporated milks, may not grow at 37°C and below, 
and it is customary to use 45 or 55°C for these tests. Although such tests 
may detect the presence of such thermophils it does not follow that they would 
cause faults in products held at room temperature. 

Total counts for pathogens and all organisms of public health significance, 
should be made at 37°C, but total counts in a general sense should be made 
at 30-32°C or even at 27°C. Plates are then countable after 2 days using a 
4 x lens, but if 3 days can be allowed the colonies will be larger and easier 
to count. Moreover, the proportion of "doubtful colonies" will be smaller. 
For all practical purposes incubation at either (i) 30-32°C or (ii) 20 and 
37°C will detect all micro-organisms of any importance. 

A very simple and valuable technique in routine microbiological control 
work is to leave the plates at room temperature (r.t.) for 2 or 3 days after the 
normal incubation at 30 or 37°C for 24 or 48 hr. This device often permits the 
confirmation or negation of presumptive types by the following changes. 

(a) Staphylococcus aureus, Pseudomonas pyocyanea, Ps.fluorescens and other 
chromogenic organisms develop their pigment considerably, (b) Types that 
form small colonies on selective or differential media in 24 hr at 37°C may 
develop larger colonies of characteristic appearance and colour after a 
further 2 days at r.t. This difference is particularly useful with streptococci, 
salmonellae, coliforms, staphylococci, aerobic spore-formers, the higher 
bacteria, yeasts and moulds, (c) Some types grow very slowly or not at all at 
37°C and a few types not easily at 30-32°C. (d) Yeasts and moulds not only 
all grow at room temperature but also develop diagnostic characteristics 
differentiating them from bacteria and also frequently permitting genus 
characterization by microscopic inspection of the colony, using a £ inch 
objective and a high ocular (see also p. 33). 

Dye tests are not suitable for herd bulks if these are held 1 or 2 days at low 
temperatures, e.g. 0-3°C. The psychrophilic flora that develop may have 
little or no effect on dyes. A satisfactory method for assessing keeping quality 
and suitability for pasteurization has yet to be devised, because although 
psychrophils are easily killed by pasteurization they attack protein and fat 
to produce taints that may affect the flavour of the pasteurized milk. Possible 
tests for this purpose might be based on measurement of protein degradation 
products, e.g. amines, and measurement of fat degradation products, e.g. 
free fatty acids. Changes in surface tension might be used. 

4. Treatment of Solid Materials (Cheese, Milk Powder, Chocolate Crumb, etc.) 
Micro-organisms exist as clumps or colonies in solid dairy products, 

especially in butter110 and cheese.111 It follows that colony counts will depend 
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largely on the degree of disintegration of these clumps. The most satisfactory 
method is first to macerate the material by any convenient method and then 
to agitate a 10% suspension in an appropriate diluent by a standard mixer 
for a standard time, e.g. 30 or 60 sec. Butter may be melted and the serum 
used (p. 124). 

The greater the extent of clumping, whether due to the nature of the pro-
duct, as in cheese, or to the nature of the organism, as in staphylococci, the 
more dependent will the colony count be on the vigour and time of agitation 
in preparing the suspension. Colony counts of solid materials should always 
be regarded as having a large error, and interpreted accordingly. 

5. Methods for the Examination of 1 Gram and Larger Quantities 
Normally a 10% suspension is prepared for microbiological tests so that 

the largest amount tested is 0-1 g (1 ml of a 10% suspension). Where a 
standard requires the testing of 1 g or larger quantity a special technique may 
be necessary. It is not usually possible to add 1 g to a plate (for turbidity 
reasons) and even addition of 1 ml to a liquid medium may lead to faulty 
results. Thus the proportion of false positives in the coliform test for high 
solids materials such as ice-cream and milk powder may rise to as much as 
25%, and if the material, whether liquid or solid, contains much sugar other 
than lactose a false positive will usually be obtained. The simplest way of 
overcoming this difficulty is to add 1 g to a large size tube of MacConkey 
broth (or other liquid medium) and then, if an apparent positive result is 
obtained, to add one loopful of the grown culture to a normal size tube, or 
streak a loopful on an appropriate differential medium.103 

This simple enrichment technique may be applied to any type of organism 
where a standard of less than 1 per g is applicable, or where the nature of 
the product interferes with the normal technique. For example the presump-
tive coliform test cannot be made on 1 g of sweetened condensed milk because 
added to 9 ml MacConkey broth it will give about 4 % sucrose in the medium. 
If acid and gas are obtained, a loopful should be inoculated into a fresh tube 
in which acid and gas will have their usual significance. 

6. Microscopic Examination 
The advent of biochemical methods has tended to force the classicalmethods 

of microbiology into the background. For dairy products the most important 
test affected in this way is the direct microscopic count (DMC) for milk and 
for certain special purposes, e.g. spray dried milk (p. 118). Hardly ever used 
in Britain, the DMC has a status equal to the colony count in U.S.A. The 
test has many advantages, e.g. speed, cheapness, and it also gives information 
on the types of organism, extent of mastitis, etc. Care is needed in interpreta-
tion of the results. For example, for raw milk the DMC is about four times 
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the colony count; for pasteurized milk the ratio is about 80. On account of 
the variability of this factor it is advisable for each laboratory to do its own 
"calibration" if the DMC is to be substituted for the colony count. 

7. Indirect Tests 
Because of the well-defined pattern to which some dairy products conform, 

it ispossible to use physical and chemical tests as indirect measures of bacterio-
logical quality. The more important tests in this category are summarized in 
Table 4. Thus the standard treatment of bulk raw milk permits temperature 
and acidity measurements to give a reliable guide to bacteriological quality. 

TABLE 4. Tests used for indirectly assessing microbiological condition of 
dairy products 

Product Test 

Bulk raw milk (1) Temperature 
(2) Titratable acidity 

Pasteurized milk Phosphatase 
Sterilized milk Turbidity 
Sweetened condensed (1) Sugar concentration 

(2) Moisture 
Milk powder Moisture 
Cheese (1) Moisture 

(2) pH (especially for pathogens) 

The phosphatase test measures the degree of heat-treatment but does not 
detect subsequent bacterial contamination and so is not a measure of keeping 
quality. The turbidity test only checks that the milk has been held at 100°C 
for a few minutes and serves to differentiate sterilized from pasteurized milk. 
It does not give information on bacterial or keeping quality. 

The sugar and moisture contents (the two are related) in sweetened 
condensed milk have to be delicately balanced to prevent on the one hand 
the growth of yeasts and on the other undue thickening. A good milk powder 
should have a moisture content not exceeding 4% and preferably less than 
3 % ; when the moisture exceeds 5 % bacterial growth may occur especially 
if the humidity is high.112 It is for this reason that "instant" powders do not 
keep as well as ordinary powders. 

Every variety of cheese has its own normal range of moisture and pH 
values. If a cheese is outside this range it is a bad cheese. High moistures and 
low acidities encourage the growth of fault-producing organisms, including 
pathogens. Cheese varieties differ considerably in their normal values. Thus 
a soft cheese has a high moisture content and a ripened blue-veined cheese a 
high pH value. These values in hard-pressed cheese such as Cheddar would 
indicate a very bad cheese. 
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8. Frequency of Testing and Choice of Test 
When bacteriological tests are used to assess the cleanliness of production 

or processing, or the general microbiological condition of the product, regular 
testing is of greater importance than the selection of an elaborate test for 
which fictitious accuracy may be claimed. For example, arguments over the 
relative value or accuracy of the plate count, coli, méthylène blue, resazurin 
and clot-on-boiling tests for producers' milks are secondary to the systematic 
use of any one test. All these tests are capable of placing a milk in one of 
three grades, and this is all that is required for either grading or advisory 
work. 

TABLE 5. Frequency of testing dairy products 

Producers' milks Every fortnight 
Bulk raw milk Every tank or consignment 
Pasteurized milk (H.T.S.T.) Every hour 
Sterilized milk ") Every hour 
Evaporated milk > or 
Canned cream J Every batch 
Butter Every churning 
Spray dried powder Every hour 
Roller dried powder Every hour 
Sweetened condensed milk Every batch 
Starter Every day 
Cheese As required 
Yoghourt Every batch 

A similar reasoning applies to all dairy products. Each test gives its own 
special type of information and this is the justification for making two or 
more tests on any one product. Systematic testing, intelligent interpretation 
of the results based on fundamental knowledge and experience, and immediate 
"follow-up" of unsatisfactory results constitute the basis of good quality 
control. A suggested time-table is given in Table 5. 

9. Accuracy 
The accuracy of any bacteriological test is far less than that of ordinary 

chemical tests. The normal difficulties of quantitative microbiological 
examination are enhanced in food testing because of the problems of disinte-
grating the food and of clumping of the bacteria in the food. For these reasons 
no attempt should be made to treat the results other than in a very guarded 
way. It is generally safe to regard a difference of 10 times as significant, e.g. 
a count of 1000 is significantly greater than one of 100. 

The interrelationship of bacteriological tests (colony counts, tests for 
specific types, microscopic counts, dye reduction tests, metabolic tests e.g. 
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clot-on-boiling test and keeping quality tests) and the factors affecting the 
relationship, such as age of sample, temperature, and type of product, are 
complicated subjects, and no simple rules can give any reliable guidance. 

The relationship between count and dye-reduction tests has been 
studied.113-1? Temperature compensation has also been investigated.118-21 

10. Reproducibility and Repeatability 
It is frequently found that when samples of foods are examined micro-

biologically in different laboratories, very different results may be obtained. 
This is because a number of factors may influence the result, particularly 
variations between samples, conditions of holding the samples, age of samples, 
treatment of samples in the laboratory, media used and techniques employed. 
Allowance must be made for a much wider discrepancy between laboratories 
for bacteriological than for chemical tests. 

11. Media 
(a) General. In general the medium giving the highest count should be 

used for total counts. For dairy products tryptone-milk-yeast autolysate 
agar is most suitable but Yeastrel milk agar is almost as good. If lactic acid 
bacteria and other sugar-requiring organisms are to be included in a total 
count, 1 % glucose should be included in the medium. 

The selection of media is always largely a personal matter, and there are 
often several media which are equally suitable for a particular purpose. 

The outlooks of the research and of the control laboratory are quite 
different. The former may have the time and facilities for trying each new 
medium as it is published, but in general it is better for the control laboratory 
to keep to one well tried and proved medium than to experiment with 
each new medium as it is described. Recommended media are given in 
Ref. 103. 

(b) Selective and differential media. While the obvious medium to use for 
counts of a particular organism might appear to be a selective medium, so 
that contamination effects would be minimized, it should always be realized 
that a selective medium does not give the optimum count because it inhibits 
other organisms totally or nearly so and incidentally, to some extent, the 
organism it is desired to grow.51»103 Many examples of this generalization 
could be quoted. A simple one of contemporary interest is the use of NaCl 
in selective media for staphylococci in which it may be used in concentration 
from 5 to 10 %.122>123 Concentrations are specially critical in the range 7 to 
8% so that mannitol agar with only 6-5% NaCl, surface culture and incuba-
tion for 24-48 hr at 37°C followed by 24-48 hr at room temperature to en-
hance pigment production can be recommended. This method is very simple, 
the medium easy to prepare and use, and it gives high recoveries.124 Busta 
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and Jezeski125 obtained much higher counts on a general medium than with 
a selective medium in determining survivors of heat-shocked staphylococci, 
and correspondingly a shorter thermal death time when a selective medium 
was used. A progressive lowering of the NaCl concentration gave a pro-
gressive increase in both the numbers of survivors and the thermal death 
times. 

No one medium is satisfactory for estimating and isolating all types of 
bacteria in any food, although a general purpose medium may be used for 
grading and comparative purposes. Much more satisfactory results may be 
obtained by a judicious selection of two or more media, especially if they 
are used at different temperatures and at different EH and pH values.126 A 
selective medium should always be used, with or without prior enrichment, 
if any particular type of organism is sought (p. 170). Recipes for media 
appear in the literature.2^ si, so, 127-9 

12. Lipolysis 
(a) General. The breakdown of fat in dairy products, whether by micro-

organisms or naturally occurring enzymes, is of major importance in the 
production both of flavour and of faults. In cheese lipolysis is an important 
aspect of flavour; in milk, butter, milk powder and other dairy products, detect-
able lipolysis constitutes a fault. The almost universal heat-treatment of milk 
(p. 75) for liquid consumption and all types of manufacture generally results 
in the destruction of lipases (p. 98) and nearly all lipolytic micro-organ-
isms. If any survive, or if the product becomes contaminated by such organ-
isms (e.g. butter by moulds), the break-down in fat may result in hydrolytic 
rancidity due to the free fatty acids. Milk fat is comparatively rich in butyric 
and other lower acids, and goat and sheep milk fat is rich in caproic, caprylic 
and capric acids, which are responsible for the characteristic sharp flavour 
of Roquefort and other cheese made from sheep or goat milk. 

(b) Enumeration of fat-splitting organisms. The enumeration of lipolytic 
organisms is chiefly of interest in respect of butter but may also be required 
for milk, cream, cheese and other products. Media are usually based on tri-
butyrin or butter fat. The former is easily split and gives large zones, and so 
is an easy medium to use. There are, however, two disadvantages ; an organism 
which can split tributyrin easily may split milk fat with difficulty or not at all 
and alkali-forming bacteria can decompose it and so give a false positive 
result.130 Media based on butter fat131 are satisfactory for bacteria, but not 
for moulds and yeasts because of the absence of sugar in the medium. Most 
moulds and some yeasts are powerfully lipolytic and hence of the greatest 
importance for quality control of butter and margarine. Muys and Willemse132 

add the fat or oil to two media designed to grow bacteria and moulds + 
yeasts respectively. 
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13. Fermentation of Carbohydrates 
In the examination of micro-organisms found in dairy products, whether 

for identification or other investigational purposes (e.g. faults), the ability 
to ferment lactose, glucose and galactose is obviously of the greatest impor-
tance. It is by their powerful fermentation of lactose that the lactic acid, coli-
aerogenes, butyric and other bacteria, and staphylococci are able to pre-
dominate in dairy products when conditions are favourable. 

For the study of fermentation of carbohydrates generally the metabolic 
method133"5 saves considerable time and money. 

14. Psychrophils (Psychrotrophic Organisms) 
The simplest way of enumerating psychrophils is to plate in standard 

agar and incubate for 10-14 days at 5°C, but plating in tributyrin agar, 
incubating for 4-5 days at 22°C and counting colonies giving a zone of 
clearing will give sufficiently accurate results in a shorter time. The correlation 
between the two counts is very high. The main psychrophils in milk are 
Pseudomonas, anaerogenic coli-aerogenes bacteria, Achromobacter and 
Arthrobacter.1*6*137 Details of identification have been published.138-141 

15. Keeping Quality: The Clot-on-boiling Test 
The clot-on-boiling (COB) test alone has been used in Britain for some 

years as a measure of keeping or of bacterial quality for producer's milks for 
advisory or semi-official purposes.142»143 It was considered to be more reliable 
from the point of view of tempera ture compensation than dye-reduction tests. 
It was used for a few years as the official test for graded raw milk but the 
30 min méthylène blue test is now used for both untreated and pasteurized 
milks.144 

The full keeping quality test for milk involves holding it at a fixed tempera-
ture (e.g. 15-5°C) and testing it at regular intervals (e.g. 6hr) for develop-
ment of taint and clotting when boiled. This test was frequently used as the 
yardstick80 for assessing the accuracy of other tests. 

16. Microbiological Test Papers 
The inherent disadvantages of microbiological methods are the expensive 

and often cumbersome nature of the equipment, the time necessary to produce 
a result, and the experience and skill required to interpret it. 

Special test papers have recently been introduced to permit an unskilled 
person to measure the bacteriological quality of a product in a short time 
and without expensive equipment and elaborate preparation. These papers 
contain special media and indicators for certain types of micro-organism. 
For example, a MacConkey type of medium may be used. The paper strip 
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is dipped into the liquid product or laid on the solid product and after a few 
hours incubation the developed colonies counted as coloured spots to indicate 
the number of coli-aerogenes bacteria present. The method is not accepted 
as valid by all bacteriologists, and there are obviously points to criticize, 
but the method is ingenious and deserves investigation under appropriate 
conditions. Details are given by Förg145 and Demeter.146 

77. Identification of Fault-producing Organisms in Dairy Products 
Less experienced microbiologists sometimes become worried because they 

cannot give a precise name (genus and species) to an organism which has 
been shown to cause a fault such as taint, gas, colour or coagulation in a milk 
product. It should be realized that all classifications are arbitrary and devised 
by man, not Nature, and that almost infinite gradations appear when an 
attempt is made to place micro-organisms into classes. There is normally 
no special point in determining the exact classification of a fault-producing 
organism. It is sufficient to determine a broad type, e.g. Escherichia coli, 
Aerobacter aerogenes, Bacillus cereus, Proteus vulgaris, Clostridium butyricum. 
It is more important to know the conditions controlling the growth of an 
organism and how to prevent its access to the product than to be able to 
name it with academic precision. 

18. Microbiological Control and Standards 
Consideration of microbiological aspects requires an approach different 

from that for physical and chemical aspects. The last two are relatively simple 
and easy to define, and one basic analytical method, e.g. the Gerber or 
Röse-Gottlieb test for fat, can be applied to most if not all products. 

The control of microbiological quality requires a knowledge not only of 
microbiology but also of the properties of the product and the technology 
of production. Those unfamiliar with these aspects have for this reason often 
made foolish statements in reference to microbiological tests. The high 
standard error of all microbiological tests is a further complication, and it 
is therefore never wise to place results in more than three grades, satisfactory, 
doubtful and unsatisfactory. The fact that all dairy products except farm-
bottled milk and some farmhouse cheese and butter now receive some form 
of heat-treatment makes it possible to have general microbiological standards 
for all such products, because apart from spores and deliberately added 
organisms, practically all those present must have been derived from equip-
ment and other sources of contamination. 

The problem of microbiological standards is difficult for many reasons 
(see pp. 42-51) but there is now an increasing interest in the subject and the 
general concept is of the greatest value in quality control provided the limita-
tions of microbiological tests are appreciated and adequate techniques for 
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sampling and testing are used. Microbiological standards must be fair to 
producer, wholesaler, manufacturer and distributor, and ensure that the 
consumer finally receives a product of good commercial and satisfactory 
hygienic quality. It is not reasonable to suggest a standard which it is im-
possible to attain, or even one that is economically impossible for the pro-
ducer or manufacturer. For example, milk inside a cow's healthy udder 
contains up to 500 bacteria per millilitre, and in a mastitic udder up to 2000 
or more. To suggest a standard at this level for the producer would therefore 
be absurd. 

On the other hand, certain types such as coli-aerogenes, spore-formers and 
thermoduric organisms are only rarely inhabitants of the udder, so that their 
presence indicates almost certainly carelessness in production. The standards 
suggested under specific dairy products are reasonable under normal con-
ditions, and the evidence for them will be found in the papers quoted. 

19. Flexibility in Microbiological Standards 
The considerable inherent error or lack of reproducibility in all micro-, 

biological tests, and the speed at which the microflora can change in certain 
dairy products, make it necessary not only to standardize as many factors as 
possible (laboratory technique, treatment of sample and age of testing) but 
to observe a flexibility in the interpretation of the results. Thus under opti-
mum conditions, e.g. in milk at 37°C, one bacterial cell can become two in 
about 20 min and 1,000,000 in about 7 hr. The rate of proliferation is usually 
much slower than this but the population may easily increase 1000-fold in 
18 hr (overnight) in warm weather.147 A rigid standard on count is therefore 
unjustifiable and it is preferable to think in terms of satisfactory (S), doubtful 
(D) and unsatisfactory (U). As a count difference of 10 times is usually signifi-
cant, it is advisable to have a grading based on this factor. Thus the U count 
standard should be 10 times the D count standard, and the D standard 10 
times the S count standard.103 

For control purposes a buyer may expect 90% of results to be S. More 
than a very occasional U result should be a matter of concern. For liquid 
milk the proportion of U results is highly correlated with atmospheric tempera-
tures. With dairy products this value is controlled chiefly by the quality of the 
milk and the efficiency of management. Suggested standards for dairy pro-
ducts are given under the appropriate headings. 

Well-defined microbiological faults are nearly always characterized by high 
counts of the causative organism, e.g. Bacillus cereus for "bitty cream" in 
pasteurized milk, Bacillus species for defects in sterilized and evaporated 
milk, Proteus for bitterness in canned cream ("leakers"), Clostridium for 
"stinker" or blown cheese, Cladosporium for colour defects in butter, and 
yeasts for blown tins of sweetened condensed milk. Numbers of specific 
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types of organisms are thus far more useful for standard purposes than total 
counts. 

However, even here there may be exceptions because micro-organisms 
may proliferate to counts of millions, cause a defect and then die out. Thus 
there may be practically no viable coagulase-positive staphylococci in a 
year-old Cheddar cheese that had caused food poisoning many months 
earlier. Similarly, organisms may cause "swells" in canned products and then 
die out. This may occur with canned processed cheese, the "swells" possibly 
being due to a streptococcus (Leuconostoc) or lactobacillus species. 

20. Summary 
Microbiological standards must therefore take into consideration not 

only the choice of specific types, the techniques used and the number per-
missible but also the age at which the product is tested. 

The objectives of microbiological control and standards in the dairy 
industry may be summarized as: (i) to ensure a safe product for the con-
sumer, (ii) to ensure an adequate keeping quality, (iii) to "pin-point" faults 
in processing, (iv) to improve the quality of the product and (v) to educate 
the employees in hygiene and other aspects of their work. 

6. RAW OR UNTREATED MILK 

A. General 
The entire dairy industry throughout the world is dependent on the quality 

of the raw milk supply. The term quality for this purpose includes : 
(i) purity—freedom from water and extraneous matter; 

(ii) physical qualities—structure, viscosity, size of fat globules; 
(iii) sensory quality—freedom from any abnormal odour or taste, normal 

colour; 
(iv) chemical normality—freedom from mastitis, absence of colostrum, 

normal enzyme content; 
(v) compositional quality—normal contents of fat, protein, lactose, minerals 

and minor constituents; 
(vi) keeping quality—a low bacterial count; 

(vii) safety—freedom from pathogenic organisms, whether originating from 
the cow or from subsequent contamination. 

The above aspects of quality, and the implied factors controlling them, 
apply in a broad sense to all milk products. 

There was formerly a belief that the quality of raw milk intended for manu-
facture was not important. Raw milk unfit for the liquid market was then 
customarily sent away for manufacture, and the quality might influence the 
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choice of product. Thus for condensing, good quality milk was essential, 
but cheese could be made from souring milk; bad milk could often be con-
verted to butter of fair quality, and really bad milk could be used for making 
casein. 

This traditional attitude has now all but disappeared. It is accepted by all 
concerned that a good quality milk is necessary for good quality dairy 
products. 

Even for casein, so often made from milk of such poor quality that it 
could not be used for anything else, it is now realized that microbiological 
deterioration can lead to a poor product, or at least to a product of variable 
properties, a matter of some importance to food manufacturers using sodium 
casemate. 

B. Economic Aspects of Raw Milk 

The economically important properties and defects in raw or untreated 
milk, and the factors controlling them, are summarized in Table 6. 

TABLE 6. Untreated or raw milk 

Defect 

Poor keeping 
quality 

Abnormal 
composition 
Fat content 

Solids-not-fat 
content 

Presence of 
antibiotics 

Presence of 
detergents and 
sterilants 

Factors controlling 

Contamination in 
production, storage 
and distribution 
Temperature 

(cooling) 
Mastitis; presence 
of colostrum 
Breed; breeding; 
low roughage feed; 
adulteration; 
failure to mix 
Standardization 
Breed; breeding; 
low energy feed; 
adulteration ; 
mastitis 
Inclusion of milk 
too soon after 
treatment of cow 
for mastitis 
Failure to rinse 
equipment 

General 
references 

20,44 

2, 149, 150 

2,151, 152 

153 
151, 152, 154 

155, 156, 157 

158 
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C. Tests Applied to Raw Milk 
1. General 

Recommended tests for the quality control of raw or untreated milk are 
given in Tables 7 and 8. 

Official tests and those concerned with legal standards in the U.K. are 
marked with an asterisk. The same pattern applies, with some minor excep-
tions, to all countries with an organized dairy industry. 

TABLE 7. Farmers' milk (herd bulks) 

Hygiene in production 
Sediment tests (extraneous matter or dirt) 
Colony count 
Coli test 
Spore count (p. 60) 

Keeping quality 
Temperature on reception by buyer 
Méthylène blue or resazurin at 20°C 
Méthylène blue test at 37°C after storage at 20°C* 
Keeping quality test (time to reach clot-on-boiling or taint at 20°C) 

Mastitis 
Cell count, catalase, chloride (or conductivity), Whiteside and California 
tests for routine checks (on single cow or preferably on single quarter samples) 
Plating of single quarter or cow samples for proper control 

Compositional quality 
Fat* Gerber (Routine) 

Röse-Gottlieb 
Solids-not-fat* Hydrometer (routine) 

Gravimetric 
Protein Kjeldahl (standard method) 

Formol titration 
Dye binding (Amido black or Orange G) 
Kofranyi (distillation with NaOH) 

Casein Kjeldahl or formol titration on protein precipitated at 
PH4-6 

Added water Freezing point* (refractive index and other tests sometimes 
used really measure solids not fat) 
An "Appeal to the cow" test should always be made 

* Test of legal significance. 

Much time and effort have been expended on the study of tests for keeping 
quality and mastitis or, in popular phraseology, "bacteriological tests". 
There is no "best test" as each test gives its own type of information. For 
routine control purposes a dye reduction test at 20°C gives the most informa-
tion for the least cost. This test measures keeping quality, and the count and 
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coli tests assess care in production and types of organisms present. The direct 
microscopic count involves a factor of about 500,000 and is therefore un-
suitable for low count milks. 

TABLE 8. Bulk milks for liquid processing 

Bacteriological 
Temperature (routine) 
Titratable acidity (routine) 
Méthylène blue or resazurin at 37°C (routine) 

The direct microscopic count is a suitable and rapid test for bulk raw milk as a count of 
500,000 will give about one organism per field. This test is popular in the U.S.A. but 
neglected in the U.K. (See also under various products, especially cheese.) 

Compositional quality* 
As for herd bulks 

Consumer or retail milk 
1. Keeping quality 
2. Compositional quality.* As for herd bulks 
Méthylène blue, resazurin or keeping quality test at 20°C. Alternatively 
méthylène blue test at 37°C after storage at 20°C* 
3. Efficiency of pasteurization 
Phosphatase* 
4. Hygiene in processing 
Colony count and coli tests 
5. Flavour 
Odour and taste (cold and hot) 

Tests usually made 24-48 hr after production and holding at about 4°C 

* Test of legal significance. 

2. Determination of Fat 
Fat is more frequently determined in milk and its products than any other 

constituent; this is because it is the basis of most legal standards and largely 
controls palatability, general quality and economic value. 

The Gerber test is universal in the U.K. and some other countries, and the 
Babcock in the U.S.A. and the remaining countries for routine control. By 
adjustment of the milk pipette to 10-94 ml the Gerber test has been made more 
accurate for milk of 3-6% fat content159 and this modification has now been 
generally accepted.160»161 

The Gerber and Babcock tests can readily be adapted to determine fat in 
all dairy products. 

The Milko-tester employs absorption at 600 τημ after homogenization and 
clarification of the milk with EDTA.162 A photometric method based on light 
scattering has been developed for unhomogenized milk.163 

Rapid methods for determining fat in milk have been reviewed byBakalor.16* 
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3. Measurement of Solids-not-fat 
In the U.K. the density hydrometer is used practically universally for SNF 

measurements161» 165 but in the U.S.A. the Golding plastic bead method is 
attracting great attention.166»167 All density methods are subject to the 
variable lactose-protein effect, these constituents having different densities, 
and so consideration of the main constituents of the SNF fraction improves 
the accuracy of density methods.168-170 In practice the composition of bulk 
milk (over 1000 gallons) is sufficiently constant to permit an adequate accur-
acy of SNF determination by density methods.171 Herd bulks are more 
liable to variation in proportion of constituents, and breed differences are 
significant. The hydrometer method is unreliable for single cow samples168 

but can be used for 10 days composites if correction is made for the HgCl2 
preservative.171 

The formula for SNF-density relationship has been the subject of contro-
versy. O'Keefe172 has suggested that the 1937 formula 

Γ = 0-252)+ 1-21F+0-66 
is more accurate than the 1957 formula 

Γ = 0-252)+ 1-22F+0-72 
which gives a value 0-1% higher (T = total solids %, D = density, F = 
fat%). 

4. Total Solids 
There is now a trend towards the measurement of total solids by gravi-

metric methods for routine control, instead of using Gerber or Babcock 
fat+density values. Simple, cheap and rapid methods are essential for this 
purpose. The most practicable for dealing with large numbers are semi-
automated methods using 1 g milk in a small aluminium cap that passes 
through an infra-red oven.173»174 

Where only total solids values are required for payment purposes (p. 63). 
this single test is sufficient, but usually fat values are required as well. A 
Gerber or similar test must then be made, but the gravimetric method for 
SNF (total solids less fat) has the advantage of being more accurate. 

5. Protein 
The importance now attached to the protein content of dairy products and 

other foods, especially in those countries that are short of protein, has 
resulted in increasing interest in quick methods for its estimation. In some 
countries quality payment schemes (p. 63) have been based on fat + protein 
instead of the usual total solids (fat + SNF). As the yield of cheese depends 
on the fat+casein value of the milk, there is naturally particular interest in 
the casein or protein content of milk used for cheese-making (p. 127). 
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The classical Kjeldahl method is obviously too costly for routine control 
and many simpler methods have been suggested for the purpose, particularly 
formol titration,175-7 alkaline distillation1™ and dye-binding.179-181 

The dye-binding method using Amido black appears to be the most promis-
ing; it is very simple, convenient and rapid, and has a correlation of 0-98 
with the Kjeldahl method. Various dyes have recently been compared for 
this purpose.182 It has been claimed that orange G is in practice a purer dye 
than Amido black and so gives more accurate values. The dye method has 
been applied to certain milk products.183 

The ultra-violet absorbency of the aromatic side groups in milk proteins 
has been utilized as a basis for estimating protein in combination with the 
Californian (Schalm) test for mastitis (p. 64).184 

The protein in milk, concentrated milk and cream may be estimated 
spectrophotometrically at 277 ιημ.185»186 A fluorimetric method for protein 
in milk has been developed187 and applied to skim milk and milk serum.188 

Goulden67 has now shown that the protein, fat and lactose can be deter-
mined by measurement of the absorption peaks at 6-46, 5*73 and 9-6 τημ. 
An infra-red apparatus has been constructed to measure these constituents 
in milk in less than 1 min. The standard deviations of the measurements are 
about the same as the error of the ordinary routine tests.66 

It is possible to assess the SNF by a single measurement at 7-9 m/z. 

6. Tit rat ab le Acidity 
The results of this test, so beloved by the old school of dairy analysts, are 

easily misunderstood unless the significance of titratable acidity (TA) is 
properly understood. Although a chemical test, it is commonly used as a 
measure of bacteriological quality or degree of souring, and the result is 
expressed as "per cent lactic acid", a completely misleading term. 

In fresh unsoured milk and cream, condensed and evaporated milk and 
milk powder made from unsoured milk, the titratable acidity is a measure 
of the buffering capacity between pH 6-5 (the normal initial value) and 8-4 
(the end point of phenolphthalein) and is a measure of the protein and phos-
phate contents, together with a few minor constituents. In fresh milk, using 
a standard technique80 this value is 0-14% "lactic acid", and only any excess 
over this value is due to souring. To appraise the true significance of TA 
values in dairy products, therefore, it is necessary to know the initial value 
for the unsoured product, the buffer value of the product between pH 6-5 
and 8-4 or the true lactic acid content. 

In practice, only high values are noted by the analyst, who reports these as 
indicating souring. For bulk milk and products made from bulk milk this 
is a sound procedure. For farmers' milks (herd bulks) TA values are un-
reliable as a measure of souring. A high value may indicate a milk high in 
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total solids, and a low value mastitis, which may not be realized by the 
farmer.51»52 

If a true measure of souring is required, it is preferable to use a dye reduc-
tion test for farmers' milks. For milk and its products which have been heat-
treated (and so the souring bacteria killed) it is necessary to estimate the lactic 
acid as such chemically (p. 35). Approximate estimates can also be made from 
the pH value80 or a direct microscopic count which includes living and dead 
organisms. The latter method is useful for milk powder which may be made 
from high count milk which has been neutralized, so that the pH value is of 
little use (p. 118). 

7. The Freezing Point Test for Added Water 
The adulteration of milk is usually controlled, firstly by an inspection of 

the ordinary fat and SNF results, and secondly by making a freezing point 
test on samples having a fat value below 3%, or SNF value below 8-5%. 
Judgment must be exercised because fat values are naturally low in April-
May and SNF values naturally low in February-April, when many genuine 
milks may be below 8-5% SNF. 

It is essential to use a standard method very carefully for the freezing point 
test and when legal action is contemplated an "appeal to the cow" sample 
should always be obtained within 24 hr. The value from the known genuine 
sample should then be used as a basis for calculating the percentage of added 
water.80 

The conventional Hortvet apparatus allows only about four tests to be 
made per hour but new types of equipment are now available. The Thermistor 
cryoscope permits making 20 tests an hour with an accuracy of ±0O03°C. 
The accuracy and reliability of the freezing point test properly made and 
interpreted are greater than those of any other test for the purpose of detecting 
added water. 

The effect of storage has been discussed.189 

8, Farmers' Milks 
(a) Keeping quality. The distribution of liquid milk in industrialized com-

munities and the manufacture of dairy products are only possible if the milk 
supply is of adequate keeping quality. It was once thought that satisfactory 
products could be made by a suitable treatment of the milk (pasteurization, 
clarification, aeration, etc.) but today a good quality milk is expected by all 
buyers. Many factors control the keeping quality of liquid milk but two are of 
outstanding importance—the sterility of the equipment and efficient cooling. 
If these two aspects are satisfactory the milk is likely to be of good keeping 
quality as other factors are of less importance.190 Bulk holders or cool-
ing tanks now increasingly used on farms hold the milk at 1-5°C, at 
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which temperature no appreciable multiplication of bacteria takes place in 
18 hr.wi 

In order to obtain a measure of the hygiene in production and of the likely 
keeping quality of this type of milk, a preliminary incubation, e.g. at 15°C20 

or at 13°C192 has been advocated. (A holding period at atmospheric tempera-
ture or 20°C has for long beenastandard method in the U.K. for both farmers' 
milk and pasteurized milk.) Preliminary incubation usually increases the 
proportion of Gram-negative rods and decreases the micrococci and/or 
streptococci.193 

(b) Standards for producers' milks and for milk producing equipment. The 
keeping quality of raw milk is controlled mainly by the numbers and types 
of micro-organisms which gain access to the milk after it leaves the udder, 
and the temperature at which it is held. The former factor depends on the 

TABLE 9. Volume-surface ratios of milk containers 

Container 

Bottle 
Can 
Tanker 

Volume of 
milk 
(ml) 

568 
44,500 

13,600,000 

Internal 
surface 

area (cm2) 

401 
7965 

374,000 

Ratio 

0-706 
0-175 
0027 

hygienic state of the utensils, but the correlation between this, the bacterial 
count and the keeping quality of the milk is not very good. Two important 
trends in the last twenty years have been the almost universal adoption of 
milking machines, and the greatly increased use of chemical sterilizing 
methods, and especially of detergent-sterilizers. Both are capable of causing 
havoc in clean milk production if improperly used. A particularly interesting 
problem is whether this change in technique has altered the basis of the 
contamination-keeping quality relationship. For example, if equipment has 
a "build-up" of resistant cocci (due to faulty heat-sterilization and/or care-
less use of detergent-sterilizers), the milk may have a high count at production, 
but if most of the organisms are biochemically inert, the milk may pass such 
tests as the méthylène blue, resazurin and clot-on-boiling tests. If pasteurized, 
such milk is perfectly safe but the "dirty-flavour" which may be detected by 
a keen palate will persist to some degree in the pasteurized product. 

As the bacteriological quality of all milk supplies, and especially of pro-
ducers' milks, is controlled largely by the sanitary condition of the equip-
ment, standards for this are of equal importance. There are no legal standards 
but the National Milk Testing and Advisory Scheme adopted for advisory 
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purposes standards of 50,000 colonies for cans (1 colony per millilitre capa-
city) using a rinse test, and 5000 per square foot (900 cm2) for surfaces of 
tanks etc., using a swab test. These standards are lenient, and bearing in 
mind that rinse and swab tests remove only part of the organisms on the 
surface, standards of 1 colony/ml capacity or cm2 area would not be un-
reasonable. Obviously the smaller the volume of the container the more im-
portant is the relative contamination effect of a dirty surface. The volume-
surface ratios of various size milk containers are given in Table 9. Thus 
for a given degree of surface contamination the effect on milk in a pint 
bottle is nearly 30 times that on milk in a tanker. 

9. Microbiological Standards for Raw Milk 
(a) General. Standards suggested by the author for producers' and bulk 

milk are given in Table 10. The values for "satisfactory" may appear to be 

TABLE 10. Suggested microbiological standards for raw milk 

1. As produced (per ml) 
Total count 
Thermoduric count 
Presumptive coli 
Coagulase-positive 

staphylococci* 
Spores 
B. cereus 

2. As delivered to the buyer 
(a) Grading tests 

Resazurin (disc reading 
1 hr at 37°C) 
Méthylène blue (37°C) (hr) 

(b) Acceptance tests 
Resazurin (10 min, 37°C) 

Satisfactory 

< 5,000 
<100 

< 1 

<10 
< 1 

< 0 1 

6-4 
>3 

>5 

Doubtful 

5,000-50,000 
100-1,000 

1-10 

10-100 
1-10 

01-1 

3i- l 
3-1 

5-4 

Unsatisfactory 

> 50,000 
> 1,000 

>10 

>100 
>10 
>1 

i o r O 
< 1 

< 4 

3. Bulk milk 
(a) Grading tests 

As for 2 
(b) Acceptance tests 

Resazurin disc reading 
10 min, 37°C) 

Titratable acidity ("lactic 
acid %") 

Temperature (°C) 

6-4 

<016 
< 5 

3}-l 

0-16-0-17 
5-7 

i o r O 

>0-17 
>7 

! Usually derived from mastitis-infected cows and not from equipment. 
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severe, but the usefulness of having three grades is that the "satisfactory" 
figure is one to which the good producer or processer can aspire. There is 
left a wide margin inside which the product cannot be condemned, but 
at the same time leaves room for improvement. A value in the "unsatis-
factory" class means that there is something seriously wrong and requiring 
attention. 

(b) Producers'milks as delivered. It will be noticed that only count standards 
are given for farm milk as produced (Table 10). Dye reduction and titratable 
acidity tests are useless for this purpose. The former can be applied after 
ageing for, say, 18 or 24 hr at, say, 18°C to give a reliable assessment of the 
conditions of production. If the milk is aged at atmospheric temperature the 
dye tests measure conditions of production, efficiency of cooling and atmos-
pheric temperature. A test with ageing at 20°C is now used144 as the half-hour 
méthylène blue test. While count tests made on farm milks as produced 
would be much more accurate as a measure of production conditions, the 
cost of collecting samples would be considerable and it is obviously cheaper 
to apply a test to milk as received by the buyer. 

To sum up, the choice of test for a producers' milk is not important pro-
vided it is carried out properly and the interpretation of the test understood. 
It is far more important to make the test regularly (at least once a fortnight), 
and to take action on the result if necessary, than to spend much time and 
money in endeavouring to get a more accurate test. Each test gives a particular 
kind of information, and there is no "best test". It is fundamental to bear 
in mind that the correlation between grading score, keeping quality or any 
other commercial property of a dairy product and the total count or number 
of any particular organism is usually not very good. So many factors in 
addition to simple bacterial numbers can affect consumer qualities. 

Since the introduction of a legal méthylène blue test in 1936 and the adop-
tion of the resazurin tests by the industry in 1942, plate counts and presump-
tive coli tests have fallen into disfavour but they have always been used by 
the keen and efficient buyers. Indeed their value has become more appreciated 
in recent years. 

10. Examination and Control of Milk Supplies 
Nearly all milk, whether for liquid or manufacturing use, is collected at 

depots, bulked and sent in tankers, usually of about 3000 gallons capacity, 
to the pasteurizing or manufacturing depot. The industry, therefore, depends 
very largely on the bacteriological quality of bulk milk. Two factors have to 
be taken into consideration. There is always some deterioration between 
production and receipt at the depot, and this is often considerable in summer. 
Secondly, the bulking levels out both chemical and bacteriological quality, 
but the importance of a bacteriologically bad farm supply is very much 
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greater than that of a chemically poor supply. Thus 1 per cent of milk below 
3% fat and 8-5% solids-not-fat is of negligible significance, but 1 % of milk 
having a total count say of 100,000,000/ml or 10,000 B. cereus/ml could 
ruin the whole of the 50,000 gallons received at a creamery in one day. In 
such bad milks the organisms are not only high in number but in a physiologically 
active condition. The most careful examination of every can of milk is essential 
and although farmers may resent having cans of milk returned to them, the 
buyers are fully justified in maintaining a standard of acceptance. Un-
fortunately the higher the atmospheric temperature, the more difficult it is 
for the farmer to maintain this standard, and the more important it is for 
the buyer to insist on its observance. There can, therefore, be only one stand-
ard throughout the year. 

The reception of milk at any creamery or collecting depot usually involves 
receiving and tipping from about 5000 to 50,000 gallons (22,000 to 220,000 
litres) in about 3 hr. Tipping units can operate at about 10 cans per minute 
or 600 per hour, equivalent to nearly 6000 gallons per hour and about 100 
producers per hour. It is obvious that any ordinary laboratory test is out of 
the question for the purpose of checking fitness for acceptance. In practice a 
checker, who must be an experienced operative with a "good nose", inspects 
each can visually and also smells it. A good checker is essential for a manu-
facturing creamery, and experience counts for much because there are many 
details which are not obvious to the ordinary observer and yet can be revealing 
to the skilled checker, e.g. condition of the can lid, unusual odour or colour, 
nature of skin or cream layer on milk. The record of the producer and local 
knowledge are also important aspects of this work. 

During the war, under the National Milk Testing and Advisory Scheme in 
Britain, the rapid or 10 minute resazurin test194-197 was adopted as a platform 
test, milk below disc 4 being rejected. This test and standard are still in use 
but a quicker test would obviously be preferable. A possible method would 
be a rapid estimation of true lactic acid. Taylor and Clegg85 suggested an 
apparent value of 0Ό3 % lactic acid (colorimetric) as a possible level for rejec-
tion purposes on the platform. 

The invention of gas chromatography has opened up new possibilities for 
this problem, and the method has been tried for assessing flavours in 
milk198» 199 and those formed by processing or heating.200 Mabbitt and 
McKinnon201 have used the technique to follow the souring in milk, and 
there is the possibility of developing a method for detecting poor quality milk 
on the receiving platform. Such a method could have the following advan-
tages over existing methods : (a) speed (possibly); (b) identification of differ-
ent types of off flavours; (c) it would be independent of the pH value and 
chemical composition of the milk; (b) it could be automated and recorded 
(p. 33). 
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Each country has its own methods for the examination of milk supplies 

and these are naturally orientated towards the predominant characteristics 
of the dairy industry ofthat country. If milk is mainly used for cheese, butter 
or any manufactured product the choice of tests and the relative emphasis 
may be different from those for a country interested primarily in liquid or 
consumer milk. 

11. Bulk Farm Collection 
In this system of collection the farmer stores his milk in a special refriger-

ated tank holding the milk at about 5°C and the milk is collected once a day 
(sometimes less frequently) by a special tanker. The advantages to the milk 
producer can be summarized as follows. The milk is measured and sampled 
on the farm. The keeping quality is safeguarded by mechanical refriger-
ation and controlled low temperature storage. The producer has no further 
risk of loss from shortages or souring once the milk is in the collection 
tanker. Dairy work on the farm can be reduced to a minimum where advan-
tage is taken of a pipeline milking system. The use of water for cooling 
purposes is eliminated. The producer is assured of a truly representative 
sample for compositional and hygienic quality-testing at the buyer's labora-
tory. 

The other partner in bulk collection is the milk buyer and the advantages 
to him can be taken as follows. Capital outlay and operation costs are reduced 
as expensive equipment and can-cleaning, replacements and repairs are 
eliminated. There is saving in labour and in the amount of space needed 
to handle incoming milk. Incoming milk is received at about 5°C, enabling 
such milk to be stored, processed or redespatched without further chilling 
at the dairy. The milk is, or should be, of better quality. There is less samp-
ling and laboratory work. The consumption of steam and water is reduced. 
Traffic problems are reduced and times of delivery can be made much more 
flexible. 

These, together with the absence of noise of can handling, have an in-
creasing value in urban areas. Orr et al.202 have shown that alternate day 
collection can be satisfactory by existing tests although the psychrophilic 
count increased. Smiley et al20* obtained similar results. Thomas et al20* 
have made a comprehensive study of bacteriological aspects of bulk collec-
tion and found the quality to be better than that collected in cans. The present 
position of bulk farm collection and the problems involved have been dis-
cussed.205 

12. Official Quality Control of Milk 
General comprehensive schemes have recently been introduced in the 

U.K. The method of operation in England and Wales has been described.5? 
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Similar schemes operate in Scotland58 and in N. Ireland.59 and details have 
been given for systems in (a) England and Wales, (b) Scotland, and (c) N. 
Ireland.206 

The hygienic aspects of the new official quality control schemes in the U.K. 
have recently been discussed.20?-!! 

13. Mastitis 
(a) General. Mastitis, the common inflammatory condition of the udder, 

exists broadly in two forms. In clinical mastitis blood is present, or the milk 
is watery or discoloured, and such "milk" should obviously not be mixed with 
the rest and is always rejected by the buyer. In sub-clinical mastitis, no 
visible signs are present, the farmer may ignore the condition, and so the 
milk is sent in and used. The former is less common and spasmodic; the 
latter is present in practically all dairy herds. In the dairy industry to-day 
bulking of milk is so extensive that mastitis can be ignored, except on rare 
occasions. Average bulk milk always contains a small proportion of milk 
from cows suffering from sub-clinical mastitis, but the effect on the composi-
tion and behaviour of the bulk is small. 

Before the antibiotic era (pre 1945) Streptococcus agalactiae, harmless to 
humans, was easily the commonest cause of bovine mastitis. Today mastitis 
is caused by a variety of organisms many of which are resistant to antibiotics. 
The commonest are Staphylococcus aureus, of which many strains are now 
penicillin-resistant, Streptococcus uberis and Str. dysgalactiae.212 This altera-
tion in the pattern of mastitis constitutes a hazard to human health (p. 171), 
and the presence of antibiotics in milk has serious consequences for cheese 
(p. 129) and cultured milks (p. 148). 

Unlike the large scale dairy industry, the dairy farmer should be closely 
concerned with mastitis. It can have severe economic consequences, and, if 
he sells his milk retail or uses it for cheese-making or any other type of manu-
facture, he should test his cows regularly and do all he can to control it by 
good management, hygienic measures and immediate veterinary treatment. 

Mastitis reduces yield and solids-not-fat, and the abnormal composition 
of the milk leads to faulty dairy products, e.g. slow whey drainage from 
cheese curd.5! 

For the dairy farmer the examination of single quarter samples is well 
worth the extra labour involved as the accuracy is greatly increased. Almost 
any simple test—strip cup, catalase, bromcresol-purple paper, resazurin, 
rennet, Whiteside, California (Schalm), etc.—is then adequate if regularly 
applied. The test can with advantage be selected with reference to the use of 
the milk, e.g. the resazurin—rennet test80 if cheese is made. These tests 
measure the chemical or physiological abnormality of the milk but do not 
identify the organism responsible; an appropriate bacteriological examination 
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is necessary for this purpose. This is not a matter for the dairy farmer, who 
should call in his veterinarian if a strong positive reaction is obtained by one 
of these simple tests. Indirect tests may pick out past cases of mastitis if 
abnormality persists in the milk. 

The treatment of cows for mastitis is the concern of the veterinarian, and 
human health aspects of the milk the concern of the local medical officer of 
health. 

A simple microscopic examination of the centrifuged deposit using the 
Gram stain is quick and convenient for a large number of samples, especially 
if an automated method is available. This test gives the number of cells 
(100,000 per ml may be taken as a normal maximum) and the number and 
types of bacteria, differentiating staphylococci, long chain and short chain 
streptococci, coliforms and other Gram-negative types, corynebacteria 
(diphtheroids), yeasts and moulds. A high cell count without chemical 
abnormality indicates incipient mastitis; chemical abnormality without a 
high cell count may indicate a past history of mastitis. Tests should always be 
made by comparing one quarter with the others and diagnosing on differences. 

The different tests for mastitis naturally give differing results because they 
are measuring different properties213 and it has been generally considered 
that the presence of mastitis organisms should be the true criterion. However, 
Waite and Blackburn214 consider that cell content and chemical composition 
are better indicators than the presence of the organisms. These authors 
estimated that the daily loss in yield was about 9 lb and that the SNF value 
was reduced from 8-8 to 8Ό%. 

Clinical mastitis can result in the presence of blood in milk, and this 
justifies rejection at the depot (p. 62). Apart from public health aspects, 
blood in milk can cause a tallowy discoloration in cheese.215 Blood can be 
estimated by measuring the peroxidase activity of sedimented erythrocytes216 

but, apart from cheese, does not appear to cause any off-flavour in milk or 
defect in any milk product.217 

So widespread is the disease to-day in all countries that farmers should 
do everything possible to control and minimize it. Good management, and 
especially care in handling and treating the teats, and correct operation of 
milking machines are factors of outstanding importance. 

Treatment with antibiotics (p. 66) is the only really effective therapeutic 
method at present, but good hygienic practice in the cowhouse and especially 
dipping the teats in a sterilant such as an iodophor (1000 or more ppm I2) 
or chlorhexidene (2 %) after milking gives some protection against certain 
organisms (e.g. staphylococci) but not against others (e.g. Str. uberis212» 218). 

Hibitane (chlorhexidene) is recommended for udder washing cloths at a 
concentration of 1 in 5000; it is considered to be specially effective against 
staphylococci. However, it is less effective in hard water when a strength of 

4 
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1 in 2,000 may be necessary. At this concentration it becomes very expensive. 
Hypochlorite may also be used at a concentration of 600 ppm. Higher con-
centrations may affect the teats. "Pasteurization" of teat clusters by immersion 
in water at 85-90°C is effective if properly done, but the contact time in 
practice may be too short to be effective. 

(b) Recommended methods for the control of mastitis. The following pre-
cautions constitute good practice and will at least minimize and help to 
control the disease. 1. Check the condition and operation of the milking 
machine. 2. Replace bad rubbers and any other defective parts. 3. Examine 
the teats regularly and treat for sores, etc. 4. Avoid rough treatment of the 
udders, and especially of the teats. 5. Avoid over-stocking. 6. Observe 
regular milking intervals. 7. Examine the first milk drawn by the strip cup. 
8. Test single quarter samples at intervals (e.g. monthly) by some simple 
test. 9. Wash the udders thoroughly before milking using two or three cloths 
held in 600 ppm chlorine solution. 10. The milkers' hands should be 
thoroughly washed using warm water and plain soap before the commence-
ment of milking. 11. Dip the teat clusters in a sterilant solution between 
milkings. 12. Avoid prolonged milking. 13. Milk the cows in order of age, 
heifers first and the oldest cows last. 14. Milk infected cows last of all. 15. 
Reject the milk of infected quarters and prevent it from contaminating the 
cows and equipment. 16. Remove all dung, food and other organic matter 
from the cowhouse as soon as possible. 17. If practicable, segregate the 
infected cows. 18. Test all incoming cows and keep them segregated until 
they are shown to be free from mastitis. 

(c) Proposed simple screening method for mastitis in dairy herds. It is 
obvious that a knowledge of the type of organism causing a mastitis is highly 
desirable before a choice of antibiotic is made. The usual method is to collect 
single quarter or single cow samples at milking time, take these to a veterinary 
investigation or other suitable laboratory, and there to plate the samples on 
one or more diagnostic media in order to determine what type of organism 
is responsible for the mastitis. More simply sensitivity tests may be made 
using streakings and discs impregnated with different antibiotics. 

Ideally every cow in a herd should be tested, using single quarter samples 
in order to assess the mastitis position in the herd, but to do this for all herds 
in the country would obviously be impracticable and very expensive. The 
following simple screening test eliminates the necessity of taking samples as 
such back to a laboratory. 

Milk in the healthy udder normally contains less than 500 organisms per 
ml, as measured by colony count on a suitable medium. When mastitis is 
present there is usually a high count of the causative organism in the milk 
inside the udder. The following technique is based on this premise. 

The investigator visits the farm taking with him a number of poured and 
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hardened blood agar plates equivalent to the number of cows in the herd, 
together with a platinum loop and a spirit lamp. At milking time, after the 
udders have been washed, two streams are taken from each quarter in turn, 
and then the milk from each quarter allowed to fall on to the loop so that an 
ordinary loopful of milk is retained. Two loopfuls are obtained in this way 
from each quarter and streaked over an area of 2-5 inches by 0-5 inches. 
Only one plate is required for each cow. 

The plates are then taken to the laboratory and sensitivity discs for peni-
cillin, streptomycin, chlortetracycline, or such antibiotics as it is wished to 
use, are placed on the streaked areas in the usual way. The plates are then 
incubated at 37°C and examined for type of growth, indicating what mastitis-
causing organism may be present, and the extent to which it might be in-
hibited by one or more of the antibiotics. 

Plastic Petri dishes are very convenient for the purpose, and the blood 
agar medium should preferably be poured the day before use. 

The advantages of the method are: it is not necessary to provide sample 
bottles and to take samples of milk back to a laboratory; only the very 
simplest apparatus is required; the method can be used without a laboratory 
at all if blood agar plates are made available; a result is obtained in the 
minimum of time. 

It may be noted that if the loop holds 0*005 ml milk, two loopfuls will hold 
0-01 ml. If the milk is from a healthy quarter, there will thus be only two or 
three colonies growing on the streak. If mastitis is present, there would 
normally be ten or more colonies growing in such a streaking, which will be 
sufficient to give indication of the value of each of the antibiotics used. 

14. General Bacteriological Control by the Milk Buyer 
It is obviously desirable that mastitis milk should never form more than a 

small proportion of bulk milk, and that known undesirable micro-organisms, 
such as coli, anaerobic spores, B. cereus spores, yeasts, etc., should never be 
present in more than small numbers, but normally it is not necessary to test 
for these specifically as a routine except when problems arise. If any charac-
teristic fault develops, or if there is any indication of such danger, then suit-
able tests to check the quality of the incoming milk for that particular purpose 
should be instituted immediately. 

(a) The "normal flavour" of milk. When drawn from the healthy udder, 
cow milk has a characteristic flavour (odour and taste). This is a complex 
property associated with trace amounts of many substances including carbon 
dioxide, ketones, aldehydes, fatty acids, sulphydryl compounds, etc. 

Some substances, which may be undesirable or even toxic in appreciable 
concentrations, appear to contribute to the normal flavour of milk (e.g. 
dimethyl sulphide at concentrations of the order of 1 in 108).219 
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(b) The "feel" of milk on the tongue. If odour and taste aspects are ignored 
the flavour or attractiveness of milk is controlled by smoothness and "body" 
on the tongue, and by colour. Skim milk tastes thinner than whole milk and 
is in general far less attractive, whether drunk as such or used for milk 
beverages, puddings, etc. Moreover, the yellow colour resides in the fat and 
so is absent. 

For the effect of fat and SNF concentrations in respect of sensory dis-
crimination see Pangborn and Dunkley.220 

15. Taints in Milk 
(a) General Taints or off-flavours in milk are usually of microbiological 

origin but occasionally other types are found. Feed taints, rancid (or soapy) 
and oxidized flavours, and absorbed odours from the air are the most com-
mon of these. It is often very difficult to identify non-bacterial taints in 
consumer milk, to diagnose the cause and eradicate the fault. The following 
factors control such taints : (i) individuality of the cow (chemical composition 
and enzyme content of milk); (ii) feed; (iii) season; (iv) temperature; (v) 
bacterial count (by removal of oxygen); (vi) metallic contamination (particu-
larly copper); (vii) degree of incidence of light and especially direct sunlight; 
(viii) extent of aeration; (ix) whether homogenized. 

It is not uncommon for consumers to give different descriptions of the 
taint, and by the time that the quality controller has come into contact with 
the consumer all the milk may have been consumed or gone sour. These 
taints can come and go in quite a haphazard fashion and are often difficult 
to investigate scientifically. 

The lesson to be learned from the problem of taints is that the responsi-
bility for a satisfactory retail supply is spread over the entire chain of workers 
in the dairy industry—farmer, collector, wholesaler, processor and distribu-
tor. Any one of these can cause taints by negligence or ignorance. 

The cause of feed taints such as silage, sugarbeet top, etc., is obvious. If 
there is the slightest possibility of any feed tainting the milk, it should be fed 
only immediately after milking and in limited quantity. Cows often have a 
predilection for taint-causing weeds, such as garlic, and every producer 
must be continually on the watch for this possibility. Taints such as paraffin, 
scented soap, soda, disinfectant, etc., are nearly always due to accidental 
contamination by, e.g. using a milk can or lid for domestic purposes. This 
aspect must be watched carefully as a simple case of carelessness by a farm 
operative can ruin a large bulk of milk. 

(b) Oxidized flavours. Oxidized ("cardboard", "cappy"), metallic and fishy 
flavours have certain features in common. They tend to occur in milk of low 
bacterial count contaminated with copper and/or iron and exposed to light. 
The actual description given to the taint by the consumer will depend on the 
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relative force of these factors, season, age of the sample, "individuality" of 
the milk and the subjective appreciation of the consumer. The compounds 
responsible for oxidized flavour appear to be unconjugated unsaturated 
carbonyl compounds formed by oxidation of milk lipids,221 particularly the 
phospholipids from which Qo, Cu, C15 and C22 compounds have been 
isolated.222 Copper and light are the two most powerful external factors in 
inducing oxidized flavour. Thus one farm supply put through an old pas-
teurizing plant with much exposed copper failed to become oxidized when 
protected from light, but became undrinkable when exposed to light for a 
few hours. 

Some cows spontaneously secrete milk giving oxidized flavour.223 The 
natural copper content of milk224 favours, and the tocopherol content225 

discourages oxidized flavour. The suggestion that oestrus may influence 
oxidized flavour appears to be unwarranted.226 Oxidized flavour must be 
distinguished from "burnt", "burnt feather" or "ultra-violet" flavour due to 
intense sunlight, but may gradually pass into a fishy taint. 

The development of oxidized flavour may be associated with xanthine 
oxidase,227 copper22» and other factors;229»230 but not with selenium.231 

The factors responsible for "light flavour" are discussed by Hendrickx 
et al.2*2* 233 and Aurand et al2** The oxygen content of milk can be measured 
by polarographic methods.235"7 

Methods for testing susceptibility to, and to prevent the occurrence of 
oxidized flavour have been critically discussed by Dunkley and Franke.238 

(c) Rancidity and soapy flavours. Free fatty acids in milk, whether derived 
by naturally occurring lipases239 or by the metabolic activity of micro-organ-
isms, are very important from the point of view of flavour, giving rise to 
rancid and soapy taints. Methods have been given for their estimation.240-3 

Raw milk if aged will develop lipolysis to very variable degrees (spontane-
ous hydrolytic rancidity).244 The main factors influencing it are lipase content, 
aeration, agitation and shearing of the protected fat globules by homo-
genization (p. 81) or other means. Heat-treatment can reduce or prevent 
the fault by destroying the lipases naturally present. 

Separator slime is rich in lipases which do not seem to be derived from 
either blood serum or leukocytes.245 

Clarification would, therefore, have the advantage of reducing the lipase 
content of milk. Sterilization probably destroys all lipase activity but lipases 
can cause taints in raw, and possibly to a less extent, in pasteurized milk. 

It has been claimed that spontaneous rancidity can be reduced by feeding 
green forage.246-9 However, other workers250» 251 have been unable to con-
firm this. Neither green fodder nor nutritional level was able to affect 
either spontaneous or agitation-induced lipolysis, and susceptibility seems to 
be an idiosyncrasy of particular cows. The influence of such factors as mixing 
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in farm tanks,252 pipeline milking systems253 and the presence of free fatty 
acids,254» 255 have been studied in recent years. A quick method for estimating 
milk lipase has been devised.256 

For a general account of milk lipases see Chandan and Shahani.257 The 
main differences between "oxidized" and "lipolytic" taints are summarized 
in Table 11. 

TABLE 11. Contrasted characteristics of oxidized and lipolytic taints in milk* 

Oxidized Lipolytic 

Occurs in both raw and Only appreciable in 
pasteurized milk raw milk 
Favoured by cold weather or Favoured by warm 
conditions (repression of weather or con-
bacterial growth) ditions 
Accelerated by copper con- Not greatly in-
tamination and light fluenced by copper 

and light 
Individuality of cow Individuality of cow 
important important 

Can be enhanced in 
late lactation or 
mastitis milk 

Increased by homogenization Increased by homo-
and turbulent flow in pipe- genization and 
line especially if of glass turbulent flow in 
and by splashing (aeration) pipeline. 

* The mechanisms of oxidized flavour in milk are chemical and enzymic whereas those 
of lipolytic taints are enzymic only. 

(d) Sunlight or "burnt feather" flavour. This taint is of some importance in 
the United States of America and other countries where intense sunlight may 
act on milk.25s 

Methionine is the precursor of the taint substance, which appears to be 
methylmercaptopropionaldehyde,riboflavinbeinginvolved in its formation.259 

(e) Malty or caramel flavour. This is due to the growth of a variant of 
Streptococcus lactis which produces 3-methylbutanal from leucine.26*) The 
taint is associated with dirty utensils and hot weather2«*!. Milk that has been 
rejected on the 10-min resazurin test may give a very pronounced malty 
odour on standing. 

Other constituents of the aroma have been identified.262 

(f) Metallic flavours. The production of oxidized (p. 68), fishy (p. 123) 
and other flavour defects in milk and milk products, especially butter, is 
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well known to be associated with the presence of added metals in milk, chiefly 
copper and iron, at concentrations of the order of 1 ppm. The naturally 
present concentrations of iron and copper in milk are very small (0*1-
0-5 ppm), and being bound to the protein are probably not so active as 
oxidative catalysts. 

It is only to be expected that metallic contamination will lead to metallic 
flavours, but the problem is far from clear. The taint can occur in all fatty 
foods as well as in milk,i49,263 skim milk,264 buttermilk2^ and butter.no, 266 

Fish oil flavours (p. 123) can be fractionated into two groups, one being 
oily and the other metallic.26? It has been shown26^ that the compound 
responsible for metallic flavour in oxidized dairy products is oct-l-en-3-one, 
having a flavour threshold value of 1 in 109 in butter-fat. The accompanying 
mushroom flavour compound267 appears to be oct-l-en-3-ol and this may 
also be the precursor of the "metallic" compound. For a discussion of fishy 
flavours see Butter (p. 123). 

(g) "Cowy" flavour. The peculiar taint known as "cowy" or "barn" is a 
defect in retail milk and is apparently associated with methyl sulphide 
produced by A. aerogenes.269 Odours may be detected more easily if the milk 
is made alkaline.270 

(h) Sunlight ("cabbage") flavour. This taint is of considerable importance 
in some countries and almost unknown in others. The substances responsible 
are produced by the radiation effect on methionine in the presence of 
oxygen.271»272 Methyl disulphide gives a burnt-putrid flavour, methyl mer 
captan a putrid-cooked-cabbage flavour, and methyl sulphide a malty flavour. 

(j) Weed taints in milk. Taints due to weeds (e.g. garlic), certain crops (e.g. 
sugar-beets tops) and silage are well-recognized hazards of milk production 
as the odoriferous substances pass freely into the milk, and such feeds 
should be given only immediately after milking. The removal of taints from 
cream for buttermaking is a routine stage in this manufacture (p. 95). 

Not only can many weeds cause taint in milk (see Ref. 51, p. 474, for 
list) but cows often have a predilection for certain weeds, so that it may even 
be necessary to fence off parts of the pasture until these weeds are eradicated. 
Weed taints are often due to particular chemical compounds in the milk. 
For example bitter cress (Coronopus didymus) can give a burning taste and 
sharp odour in milk which is due to benzyl thiocyanate. As little as 016 ppm 
produces a detectable taint, and 4 ppm gives a very strong taint in milk and a 
burning taste in cream made from it.273 When the taint substance is soluble 
in fat, as most are, it cannot be removed from the cream and butter, and so 
such taints are a serious menace to the industry. 

(k) Absorbed flavours. Milk fat, especially in its natural globule form as in 
milk and cream, is one of the most effective materials known for absorbing 
odours. This is mainly due to the large surface of the emulsified fat and the 

http://butter.no
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strongly adsorbing protein-lipid layer on the globules. Extreme care must 
therefore be taken to avoid absorption of unpleasant odours by dairy pro-
ducts. Typical examples in the author's experience have been due to the use 
of phenolic disinfectants and scented soap leading to taints in milk on farms, 
newly applied varnish in a cupboard leading to taint in cream, and the storing 
of crated apples in a butter cold store which rendered the butter uneatable, 
so strong was the odour of apples. 

(1) The effect of light. In addition to acting as a powerful catalyst in acceler-
ating the production of oxidized (p. 68) and sunlight (p. 70) flavours, light 
can catalyse the destruction of vitamin C and riboflavin.42 For these reasons 
therefore milk and dairy products generally should not be subjected to direct 
sunlight and preferably not to light at all. It would be advantageous for milk 
containers, whether glass or plastics, to be impervious to the blue and green 
parts of the spectrum. The review article by Wildbrett274 gives a useful 
bibliography. 

(m) Simple scheme for the identification of the cause of taint in raw milk. 
If the taint is strong directly after milking, the cause is probably in the feed 
of the cows or the accidental addition of detergents, sterilants, etc., to the 
milk or rarely some idiosyncrasy of one or more cows. If the taint becomes 
progressively worse over 24 hr before bottling, the cause is probably bacterial 
or enzymic, and only rarely chemical, e.g. oxidation of fat catalysed by 
copper. These causes may be differentiated by the following simple tests in 
24 hr: 

Taint increases "̂  Probably 
rapidly (A) bacterial 
Taint does not for 
increase j enzymic 
appreciably J 

Hold at 30-32°C 

Hold at 5-10°C 

Holda t~15°C 
(a) exposed to 

light 
(b) protected 

from light 

Taint increases 
appreciably 
Taint does not 
increase 
appreciably 

Probably 
chemical 
(copper 
catalysed) 

(n) Differentiation of bacterial and enzymic taints. Hold two samples of 
100 ml milk at 95-100°C for 1 hr or autoclave at 120° for 15 min. Cool to 
30-32°C and add 1 drop from sample (A) above to one of them. Hold at 
30-32°C for 24 hr. If taint develops only in inoculated sample it is bacterial 
in nature. If no taint develops, the taint may be enzymic in origin. 

(p) Further investigation of bacterial taints. The incubated sample (A) may 
be plated or, more simply, a loopful mixed with 9 ml Ringer solution, and 
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then a loopful of the diluted milk streaked on a milk agar plate. After 
incubation at 30-32°C for 3 days well-isolated colonies are transferred to 
tubes of litmus milk and these held at 30-32°C for 24 hr. It should then be 
possible to decide which cultures are responsible for the taint, and the reactions 
in litmus milk constitute a first step in the identification of the organism 
responsible.51»52 

(q) Further investigation of enzymic taints. Usually only a few cows are 
secreting milk high in lipase, the usual cause of enzymically induced taints in 
raw milk. The simplest remedy is to examine individual cow samples and to 
divert for adequate heat treatment the milk of the cows responsible. Cows 
in very early and late lactation may be more prone to give taints of this nature. 

(r) Further investigation of chemically induced taints. The commonest 
chemically induced taint is copper catalysed oxidation of the fat. This taint 
is usually more prevalent in cold weather because the slow growth of bacteria 
leaves more oxygen in the milk available for fat oxidation. The remedy is to 
examine every item of equipment and eliminate all components made of 
copper or a copper alloy. Some cows may give milk more liable to this type of 
taint. If elimination of all copper-containing equipment does not eradicate the 
fault, the test should be repeated with the milks of individual cows. Irradia-
tion, proposed for sterilization of milk, produces a characteristic flavour.275 

(s) Ropiness. True ropiness (ropy, slimey, stringy or long milk) is almost 
unknown in pasteurized or sterilized milk, but outbreaks occur from time to 
time in raw milk. They are usually due to capsulated forms of Aerobacter 
(the most common) and Escherichia.276-* 

16. Removal of Micro-organisms by Centrifugal Force 
Pasteurization, involving only a gentle heat-treatment and no appreciable 

loss in nutritive value and no effect on flavour, kills all micro-organisms except 
the thermodurics and spores. The latter can be of great importance for the 
quality of pasteurized milk (Bacillus cereus), sterilized and evaporated milks 
(B. subtilis, etc.) (p. 85). A method showing promise for this problem and 
which does not affect flavour or other properties is very high speed centri-
fuging or "bactofugation".279 This system has been used successfully in 
Belgium and is now finding application in other countries.280 

The Alfa-Laval clarifixator has been designed to homogenize (p. 84) and 
clarify (p. 83) milk in a single operation. It is claimed that this machine 
uses only 30% of the power required for independent homogenizing and 
clarifying processes. See Clarification, p. 83. 

17. Detection of Milk Powder in Milk 
It may be profitable to adulterate milk not only with water but with spray-

dried whole or skim milk powder because such powder can often be bought 
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at a price which is on equivalence cheaper than retail milk. This addition is 
sometimes called toning. Adulteration of milk with small quantities of re-
constituted good quality spray-dried milk powder is difficult to establish: 
the larger the quantity, the easier becomes its detection. Heat treatment of 
the milk greatly increases the difficulty of proving this type of adulteration. 

The following are the best available methods for the purpose: (a) micro-
scopic examination for sediment and Str. thermophilus; (b) gas Chromato-
graphie detection of aldols and other compounds formed when milk is dried; 
(c) sensory examination; (d) measurement and examination of centrifuged 
deposit; (e) consideration of ratio of fat to SNF (for skim powder); (f) com-
parison of colony count with direct microscopic count. All these tests should 
be made on parallel samples of known pure milk from the same source if 
possible. If the milk has been heat-treated, (b) and (f) are of little use. 

18. The Utilization of Poor Quality Milk 
Even in developed countries there were formerly occasions when bulks 

(e.g. 3000 gallons in a tanker) of milk would be received in an unsatisfactory 
condition, usually due to souring in hot weather. A double heat-treatment of 
milk was formerly illegal in the United Kingdom but is now not prohibited. 
Nevertheless "flashing" at the collecting depot is undesirable because it 
masks unhygienic practices, it may encourage a thermoduric flora and certain 
faults such as "bitty cream" (p. 80) may be accelerated. This problem is rare 
to-day on account of a stricter milk reception system, better collection and 
better milk cooling facilities on farms and at collecting depots. There is now 
no excuse for poor quality milk. Platform checking (p. 62) should never 
be eased; if anything it should be more rigorous in hot weather for obvious 
reasons. Possible breakdown of refrigeration plant at the collecting depot 
should be taken care of by having a reserve compressor, especially in view 
of the modern trend to use chilled water instead of brine, which does not have 
the reserve capacity of brine because it cannot be cooled to below 0°C. 

The order of raw milk quality requirements for different types of manu-
facture is given in Table 12. Naturally this cannot be regarded as a rigid 
order on account of the multiplicity of factors involved, but it is safe to assert 
that if milk is so bad that it cannot be used for cheese it can often be used to 
make butter of a saleable, if not first class, quality. 

The above order only takes into consideration chemical and microbiol-
logical factors, and not such aspects as the presence of antibiotics, preserva-
tives, etc. There is a fundamental difference between utilization schemes in 
the United Kingdom and some other countries. In the United Kingdom milk 
is received and examined by a standard technique (p. 62) irrespective of the 
method of utilization. In some countries milk is graded on the receiving 
platform and the best milk used for liquid products and the poorer quality 
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milk manufactured. This is possible because in these countries it is common 
practice to make several products in one dairy, even in town dairies. Dairying 
in the United Kingdom is more specialized as far as any one dairy or creamery 
is concerned, although bulk milk may be diverted to other creameries for 
other types of manufacture. Ideally there should be no attempt to differenti-
ate between qualities of raw milk for different manufacturing purposes. All 
milk should be of good chemical and bacteriological quality. 

TABLE 12. Order of raw milk quality requirements 
for various types of processing 

Pasteurized milk and cream (highest quality required) 
Sweetened condensed milk 
Cultured milks 
Evaporated (unsweetened) milk 
Cream (sterilized) 
Sterilized milk 
Milk powder 
Cheese 
Butter 
Casein (for utilization of poorest quality) 

19. Pesticide Residues in Milk 
It is essential to use refined methods of gas chromatography for detecting 

pesticide residues in dairy products. The most important from the toxicity 
point of view are Dieldrin and DDE (these cannot be separated except by a 
special technique) and benzene hexachloride; DDT is less objectionable. The 
level of Dieldrin and DDE is usually about 0*002 ppm and a reasonable 
limit is 0*01 in milk and 0*1 in milk powder. There is no official standard in 
the United Kingdom. Reports have dealt with the incidence, sources and 
Control.281, 282 

For consideration of antibiotics in milk see p. 131, and for the effect of 
silage feeding on milk see p. 68. 

7. PASTEURIZED MILK 

A. General 

Pasteurized milk was substantially introduced in many countries from 
about 1920 onwards although milk had been heated by various haphazard 
methods from about 1880 onwards in some towns. There was initially con-
siderable opposition, partly emotional and partly because of the scanty 
knowledge of the effect of pasteurization.51 However, largely as the result of 
the work of Kon and his colleagues at Reading, the objections on nutritional 
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grounds have been answered and today nearly all consumer milk is pas-
teurized or sterilized in developed countries. Originally the holder method 
(63-65°C for 30 min) was used but today the high temperature-short time 
(H.T.-S.T.) (71°C for a minimum of 15 sec) is practically universal. 

No amount of hygiene in production and distribution can guarantee a 
safe raw milk (see p. 169). Pasteurization makes milk safe with negligible 
effect on flavour and only a very slight effect on nutritive value (~10% 
destruction of vitamin Bi and ^ Ο % of vitamin C). 

B. Grades of Milk 

Nearly all countries have grades or types of milk, and higher prices may 
be paid for those with superior chemical (compositional), keeping quality 
and/or hygienic or safety qualities. The development of new sterilizing 
methods (p. 88) is causing a trend towards a unified type as far as bacterio-
logical qualities are concerned. The present status of graded and premium 
milks in the United Kingdom is as follows. 

1. Raw Milk 
Ordinary raw milk as it leaves the cow cannot be sold in scheduled areas 

which now constitute virtually the whole of the U.K. All cows in the U.K. 
are now tuberculin-tested so that all milk is now " TT". This milk may be 
bottled raw on the farm and is then accepted as "untreated milk—farm 
bottled" (or farm-cartoned). 

2. Pasteurized Milk and Homogenized Milk 
By far the greatest quantity of consumer milk is sold pasteurized. There is 

an extra charge for homogenized milk. In ordinary milk the fat globules vary 
from 1 to 10 μ in diameter and slowly rise to the top to give the cream-line. 
Milk is homogenized by being forced through a tiny orifice at high pressures, 
which has the effect of disrupting the fat globules to a much smaller size so 
that they do not rise to the top (p. 81). Homogenized milk appears to be 
nearly twice as creamy in tea, coffee, puddings, etc., and the fat remains 
evenly distributed all the time so that no cream layer is formed. There is no 
loss of fat although it cannot be seen as a layer. Homogenized milk is more 
easily digested because it forms a finer and weaker curd in the stomach. 
As the fat exists in much smaller globules its surface is much greater and it is 
not so well protected against oxidation, so that homogenized milk is slightly 
altered in flavour, but there is no loss of food value. 

3. Sterilized Milk 
Sterilized milk is another grade for which the milk must be heated to at 

least 100°C in a bottle. The traditional sterilized milk has a characteristic 
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cooked flavour, is slightly brown and there is a loss of about 50 % vitamin C 
and 30% vitamin Βχ. Sterilized milk is always homogenized and usually will 
last at least three months and has been known to keep for years. The success-
ful development of a very high-temperature-very short time method (~140°C 
for 2 sec) has now led to a new grade of sterile or U.H.T. milk (see p. 88). 

Channel Islands milk comes from Jersey and Guernsey cows and must 
have at least 4% fat. The legal minimum for ordinary milk is 3% and the 
average about 3-7% compared with 4-5% for Channel Islands milk. It is 
usually pasteurized but may also be sold raw as "untreated farm-bottled". 

C. The Effect of Heat on Milk 

No aspect of dairy technology is more important than this. It affects not 
only the keeping quality of milk but also the keeping quality and physical 
properties of all milk products. A detailed discussion is given in Ref. 51, 
p. 500. Technologically, the behaviour of the enzymes, proteins, salts and 
spores and the problems associated with them are of the greatest interest. 
Heat stability is closely linked with the properties of the proteins, the form of 
calcium, the balance of cations and anions, and the pH value. Of the whey 
proteins the immune globulins are least, the /Mactoglobulin and serum 
albumin fairly, and the α-lactalbumin the most heat-resistant.28^ 

D. Bacteriological Aspects 

Until 1946 there was a legal plate count standard of 100,000/ml for 
pasteurized milk in England and Wales. It had for long been realized that 
if a raw milk had more than 100,000 thermoduric organisms/ml then it was 
impossible to produce a pasteurized milk with a plate count of less than 
100,000/ml, so that the test had fallen into disrepute. It was accordingly 
replaced by an incubated méthylène blue test (Table 13). This is controlled 
mainly by acid-producing types growing at atmospheric temperatures, and is 
a sound test for keeping quality. However, a high count of non-thermoduric 
types in the raw milk and/or a high count of biochemically sluggish thermo-
duric types could produce a taint in milk without appreciably affecting 
keeping quality or the méthylène blue test on the pasteurized milk. Thermo-
duric organisms are defined as those surviving pasteurization and in milk 
consist mainly of micrococci, Microbacterium, Corynebacterium, Strepto-
coccus faecalis and Str. thermophilus. Spores survive but the vegetative cells 
of spore-bearing organisms are usually killed. 

Scotland and Northern Ireland still retain the coliform test, which is 
excellent as an index of post-pasteurization contamination and thoroughly 
justifiable as a test and is equitable to the processor. However, the incubated 
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TABLE 13. Statutory bacteriological tests and standards for milk in England and 
Wales144 

Product Test Standard 

Raw milk (producers and 
dealers) 

Pasteurized milk 
Pasteurized milk 

Sterilized milk 

Méthylène blue 
Méthylène blue 
Phosphatase 

Turbidity 

Not reduced in 30 min 
Not reduced in 30 min 
Reading of 10 μg or 

less /7-nitrophenol 
per ml milk 

No sign of turbidity 
(Equivalent to 100°C 
for a few min) 

méthylène blue test responds to coliforms in pasteurized milk. Coliforms 
should be absent in 1 ml in pasteurized milk as sold. The common defects 
and their causes are summarized in Table 14 and bacteriological standards 
are suggested in Table 15. 

TABLE 14. Pasteurized milk 

Defect 

Poor keeping quality 

Inefficient pasteur-
ization 

Bitty cream (sweet 
curdling) 

Oxidized flavour 

Foreign bodies 

Glass fragments 

Other aspects 
Mechanization 

Vacuum treatment 

Cause 

Holding at too high a 
temperature 

Contamination by equipment 
or raw milk 

Unclean bottles 
Faulty plant control 

Growth of B. cereus 
above 20°C 

Contamination by copper 
Exposure to light 

Inadequate inspection 
of bottles 

Breakage of bottles in 
washer or at filler. 

Rough handling 

References 

148, 284, 286, 285 

148, 287 

288 

291, 292, 293 

52 

289, 290 

Practically all milk used in manufacture to-day receives heat-treatment 
sufficient to kill at least 99 % of the raw milk flora. There is now an increasing 
tendency to use more drastic heat-treatment for milk for all purposes, e.g., 
90°C for 15 sec for milk powder and cream for butter, 140°C for ^ 2 sec 
for sterilized milk, and even cheese milk is often now receiving the full legal 
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pasteurization (71 °C for 15 sec) instead of a simple "flashing" at about 68°C 
because of the danger of toxigenic staphylococci proliferating in the milk. 
The bacterial count of the final product is therefore largely a measure of the 
sanitary condition of the equipment used and the efficiency of processing, 
particularly the speed of cooling, the prevention of after-contamination and 
the temperature of storage. 

Pasteurization does not kill thermoduric bacteria or spores derived either 
from the raw milk or the equipment. All examinations and control measures 
in respect of these should, therefore, be applied both to the raw milk (p. 59) 
and the equipment (p. 60), although checks on the pasteurized milk may be 
made as required. 

TABLE 15. Suggested bacteriological standards for pasteurized milk as sold (including 
homogenized milk) 

Satisfactory Doubtful Unsatisfactory 

Total count < 10,000 10,000-100,000 > 100,000 
Non-thermoduric count < 1,000 1,000-10,000 > 10,000 
Presumptive coli Absent in 1 ml Absent in 0-1 ml Present in 0-1 ml 

Present In 1 ml 
B. cereus spores <1 1-10 >10 

Microbiological tests on pasteurized milk are most usefully directed to 
detect post-pasteurization contamination. Indeed by sampling at appropriate 
places in the equipment and making total counts and/or, after incubation 
for 24 hr at 20°C, dye reduction and/or presumptive coli tests it is possible to 
obtain a reliable assessment of the efficiency of cleansing (cleaning and 
"sterilizing") the equipment so that swab and rinse tests (p. 60) become un-
necessary. A simple and most useful method is to take the 1st, 50th, 100th 
etc., bottle or carton off the filler, hold a 10 ml sample for 24 hr at 20°C 
and then make a resazurin test at 37°C. Dirty equipment will be revealed by 
marked changes in resazurin in 30-60 min in the early bottle samples and this 
constitutes a very effective demonstration to the cleaning staff (see also p. 162). 
Simple demonstration tests such as this have a far greater educational value 
than masses of results of more elaborate tests. 

Although pasteurization properly carried out, and with no post-pasteur-
ization contamination, always improves the keeping quality of milk as well 
as making it safe, it seems to be impossible to predict with any accuracy the 
increase in keeping quality, and there is a poor correlation between the 
temperature and time of pasteurization, the count of the pasteurized milk 
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and its keeping quality. With good hygienic control and a raw milk low in 
thermoduric organisms, pasteurized milk should keep for at least 1 day in 
hot weather (25°C) and 7 days at 5°C. 

For experimental work a laboratory HT-ST pasteurizer can be used,294-5 

but for nearly all purposes a laboratory holder method (63°C for 30 min) is 
satisfactory and simpler to operate.296 

E. The Phosphatase Test 

This test depends on the fact that the alkaline phosphatase of milk is 
almost completely destroyed by pasteurization, and is one of the most useful 
ever devised for the dairy industry. The original Kay-Graham test involving 
the estimation of phenol was subject to certain disadvantages297 and in the 
United Kingdom has been replaced by the Aschaffenburg-Mullen tech-
nique80»144 using/7-nitrophenol, which is less subject to sources of error. In the 
U.S.A. modifications of the original phenol method are still in use. The phosph-
atase enzyme is destroyed by a heat-treatment slightly more severe than that 
required to kill tubercle bacilli, so that a negative result indicates satisfactory 
pasteurization and a safe milk if not recontaminated, i.e. heating at a minimum 
temperature of 71°C for at least 15 sec or the equivalent. The test detects 
under-pasteurization and addition of as little as 0-1-0*2% raw milk. An 
automated form of the test has been developed.298 

The phosphatase test does not detect post-pasteurization contamination 
and it does not measure keeping quality. It simply detects under-pasteuriza-
tion of the milk or product. Reactivation of phosphatase may occur in milk 
heated above 82°C and in cream above 74°C.2"-302 Magnesium ions, /?-
glycerophosphate and jß-lactoglobulin and other substances can act as factors 
in this as yet not understood phenomenon.303 

F. "Bitty Cream" 

Normally, spores are of little consequence in the dairy industry but there 
is a type of aerobic spore-former {Bacillus) which can occasionally cause 
havoc of epidemic proportions. 

B. cereus and B. mycoides (a variant) produce lecithinase and by disrupting 
the membrane of the fat globule in milk can cause "bitty cream" (lumps of 
fat on the surface) and by rennet production can also cause "sweet curdling" 
(non-acid coagulation). Pasteurization kills all non-thermoduric vegetative 
cells but not spores, consequently any spores of these organisms will survive. 
If the temperature of the milk subsequently rises to 20°C or over (as it does 
in heat waves in the home) these spores can germinate and multiply rapidly 
and so produce this fault. There is no practicable cure, and the only known 



DAIRY PRODUCTS 81 
preventive method is to hold the milk cold (below 10°C).304»305 Fortunately, 
the numbers of these spores in milk are usually very small306» 307 but an 
epidemic contamination could jeopardize all pasteurized milk. Aspects of 
techniques have been reported.308» 309 

G. Heat-resistant Coli-aerogenes Bacteria 

A possible explanation for the presence of coli organisms in pasteurized 
dairy products is that they are heat-resistant. Such strains do occur but only 
rarely. On one occasion a strain was isolated from milk which withstood 16 
successive pasteurizations in milk.310 The cause is nearly always post-
pasteurization contamination, usually from the filler, capper or pipe lines. 
Persistent coli in pasteurized milk or cream are probably derived from an un-
suspected reservoir, e.g. gaskets in the pipe line, pumps, clarifiers, etc. Com-
plete dismantling of all the equipment, thorough cleaning and sterilizing and 
careful re-assembly are essential in tackling such a problem. It is advisable 
to use a completely different method of sterilizing the equipment once a 
week (see p. 163). 

H. Cream Line and Homogenization 

The introduction of glass bottles in the 1920s led to an emphasis on 
"cream-line" for sales purposes and the housewife consequently associated 
cream-line with fat content or richness. As pasteurization reduced cream 
line by about 15% some dairymen slightly under-pasteurized their milk in 
order to outsell their competitors. 

The depth of cream-line in retail milk has been a major, perhaps the most 
important, selling point in consumer milk in the United Kingdom over the 
period 1920-1940, although it has been of less importance in the U.S.A. and 
other countries where homogenized milk forms a substantial proportion of 
the total milk sold. Since the war cream-line has been of less importance in 
selling and is now of little consequence. For a discussion of cream line see 
Cuttell.285 

The rising of cream in milk has certain disadvantages, causing the im-
poverishment of the last milk to be taken from a container. Homogenization 
is usually performed by machines which force milk through small orifices 
under high pressure (2000-2500 lb/in2) and disrupt the fat globules to reduce 
them in size so that they no longer rise to the top (cf. Stokes law). Homo-
genized milk is specially useful for food manufacturers and caterers for 
obvious reasons. 

Various turbidimetric methods have been proposed for testing the degree 
of homogenization.311-16 The size of globule is related to the homogenization 
pressure by the empirical equation d = (P0/P)q, where d is the mean fat 
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globule diameter obtained at pressure P, P0 is the pressure corresponding to 
unit globule diameter and q is the slope of log d plotted against log P.317 

Both homogenization and heat-treatment favour the formation of sediment 
due to protein instability. It is generally found that the best results are ob-
tained if the milk is homogenized after pasteurization, but any such treatment 
easily leads to recontamination of the milk. Homogenizers and fillers need 
the greatest care in hygienic control. Theories of homogenization have been 
discussed.3i8,319 

I. Containers for Retail Milk 

Bottles have been the standard container for milk since the abandonment 
of the hand-can for door-to-door sales in the 1920s, but the carton is now 
becoming a serious threat to the glass bottle. The bottle is cheap, trans-
parent and hygienic51» 52> 292>293 but it is also heavy, fragile and there is the 
perpetual anxiety of glass fragments getting into the milk, although the danger 
from this cause is more apparent than real. The carton is very light and there 
is no trouble over returns, but it is appreciably more expensive than the 
bottle (about Id compared with 0-25d for 1 pint). Comparative costings are 
difficult to evaluate, but if a dairy is designed for cartoning milk from the 
beginning the costing is more favourable than if the dairy is converted, or if 
both bottles and cartons are in use.320 

The Tetrapak is a very ingenious tetrahedral polythene-lined carton which 
is cheaper than the traditional carton. Plastics sachets are also being tried 
in a few dairies but there are technical difficulties and considerable consumer 
resistance. Bottle-shaped polythene containers, sealed like ordinary glass 
bottles, are now being introduced. It is as yet too early to give an appraisal 
of the future of these containers. 

J. Frozen Milk 

As freezing is probably the least objectionable way of preserving foods it 
may be wondered why this form of milk has not been more developed. The 
reason is that there is really room economically for only two forms of con-
sumer milk: (i) ordinary milk keeping for at least 24 hr at room temperature 
for daily distribution and quick consumption, and (ii) any form that keeps 
almost indefinitely. Frozen milk is unnecessary for the first purpose, and not 
good enough or too expensive for the second. The market has, therefore, 
been limited to speciality or luxury uses, e.g. ships, cruises, etc. Sterilized 
milk and milk powder can be stored without refrigeration and so can be used 
if the characteristic flavours are acceptable. The new "UHT milk" (p. 88) 
is likely to meet this market. Freezing milk is an expensive process; frozen 
milk must be kept frozen, and in time it loses its physical stability. In the 
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U.S.A. considerable attention has been paid to frozen concentrated (3 to 1) 
milk, but stability problems have not been entirely solved (p. 104). In the 
United Kingdom a special process based on pre-ultrasonic treatment has 
been developed, but experiences with this product are very mixed. It is not 
possible to predict its behaviour. For discussion of frozen milk and cream see 
Dahle32i and Samuelsson.322 

For most purposes a quite satisfactory product can be made by filling good 
quality well heat-treated, homogenized milk (p. 81) into sterile cans or plastic 
containers of up to 4 gallons capacity, placing them separately on metal 
shelves in a chilling room with air circulating vigorously at -20°C for 24 hr 
and thereafter holding the frozen milk at a temperature not greater than 
-12°C. Such milk will keep in good condition for up to 3 months after 
which time the protein becomes destabilized and "graininess" sets in. 
However, all bacterial growth is prevented and as the enzymes will have been 
almost destroyed there is no change in flavour. After one year or more the 
protein becomes completely destabilized so that on thawing the milk becomes 
"curds and whey". However heat-treatment at 85°C may redisperse the pro-
tein satisfactorily. The behaviour of frozen homogenized milk and the 
problems associated with its production and use have been discussed com-
prehensively.323 (See also earlier papers quoted in this article). 

8. STERILIZED MILK 

A. General 
The general principles of sterilized milk have been established and a 

detailed description given of equipment and processing methods.40»53»54»148 

The main faults and their causes are given in Table 16. 
In the U.K. the traditional sterilized milk is clarified (essential) and heated 

in a "vacuum-sealed" bottle at 105-112°C for 20-30 min. 

B. Clarification 
Conventional clarification is simply the removal of débris from milk by 

centrifugal force using a clarifier which is essentially the same as a cream 
separator, but the cream is not removed from the centre of the discs. Ideally 
all milk should be clarified because this process removes blood, cells, "dirt" 
and many of the bacteria. As clarifiers are costly to buy and maintain this is 
normally done only for sterilized and those concentrated milks where the 
deposit formed in time might be noticeable. Clarifier slime is repulsive in 
appearance and odour and it is obvious that such material should be removed 
from all milk irrespective of the method of utilization (see Bactofugation, 
p. 73). 
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C. Clarifixation 

The clarifixator resembles a separator and both clarifies and homogenizes 
milk, although the latter process is not as efficient as that produced by a 
homogenizer. The fat globules are disrupted by cavitation through fixed 
teeth in the centrifugally flowing cream. The equipment is cheaper to buy and 
run than the conventional plant and the degree of homogenization is adequate 
for most purposes.332 

TABLE 16. Faults in sterilized milk 

Fault 

Poor keeping 
quality 
Browning 

Cream line 
formation 
Carbolic 
flavour, pepton-
ization, gas 
Sedimentation 

Precipitation 

Cause 

Inadequate heat 
treatment 
Excessive heat 
treatment 
Slow cooling 
Faulty homo-
genization 
Excessive content 
of heat resistant 
spores in milk 
Failure to clarify 
and remove cells, 
blood, dirt 
Abnormal milk 

References 

324, 325, 326, 
327, 328 

329 

330 

331 

D. Centrifugation 

Although ordinary clarifiers remove nearly all extraneous matter (dirt, 
cells, etc.) the centrifugal force is insufficient to remove individual bacteria 
and spores. By using high speed centrifuges it is possible to remove 90% or 
more of these bacteria with a consequently great improvement in the bacterial 
quality of the milk.279 The higher the bacterial count, and the greater the 
clustering of the bacteria, the more efficient is the method. A double treat-
ment gives a greater efficiency.333 As the bacterial quality of sterilized and 
evaporated milk is dependent on the number of heat-resistant spores in the 
milk, it follows that centrifugal treatment will not only greatly reduce the 
probability of bacterial spoilage but will permit a milder heat-treatment. 
This gives advantages of a whiter product having a less "cooked flavour" and 
possibly greater physical stability, and so which is less likely to deposit 
calcium on prolonged storage (see Glass fragments, p. 103). 
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E. Failures in the Sterilization Process 

Sterilization methods in the dairy industry may kill all spores (e.g. by 140°C 
for 2 sec or 112°C for 30-40 min), or most spores (e.g. by 110°C for 10 min). 
In ordinary sterilized milk (p. 83) heat-resistant spores may survive but do 
not always germinate, and may not grow appreciably at room temperatures. 
Occasionally, however, a badly infected milk may lead to serious outbreaks 
of carbolic flavour 0r other microbiological faults. This type of fault 
inevitably causes seriousplant contamination and exceedingly drastic measures 
may be necessary to "clean up" the plant and dairy generally. The initial 
sources of these spores are usually hay, cereals, dust, etc., on the farm, and 
spore counts on producers' milks are a wise precaution in warm weather. It is 
not essential to use a special technique for this purpose as colonies of Bacillus 
are nearly always easily identifiable on an agar plate by their appearance. The 
types of spore-formers in sterilized milk 335 and the incidence of spoilage and 
the types of spore-formers responsible have been described.336,337 

F. Heat Stability of Milk 

The stability of milk in various types of processing (p. 98) is of the greatest 
importance in dairy manufacture, particularly for sterilized, evaporated and 
sweetened condensed milk. Milks from some cows, and even from some 
herds, may be thermolabile. The common causes are presence of colostrum 
(up to 48 hr after parturition), mastitis (both increasing the amount of heat-
sensitive globulin) and instability of the colloidal casein complex for various 
reasons. The latter may be due to imbalance of cations (calcium and mag-
nesium) to anions (phosphate and citrate) (cf. the so-called "Utrecht ab-
normality"), a low pH value due to natural souring or idiosyncrasy of the 
cow(s), or to factors not clearly understood. Fortunately such unstable milks 
are usually "swamped" in bulk milk, but at times it may be necessary for 
buyers to examine their supplies very carefully for heat instability. Probably 
the most important occasion is for manufacture of sweetened condensed 
milk in the spring and autumn when a high proportion of cows may be 
calving and farmers do not withhold the milk until 9 milkings after parturition 
as they should. In practice if all producers would withhold the milk for at 
least 6 milkings (3 days) there would probably be no problem, but unfor-
tunately some farmers include colostrum 24 hr after parturition. This can be 
detected by the appearance of a yellowish protein-fat layer in a can within a 
few hours of filling. 

The stability of milk to heat and other factors (acidity, rennet, concentration, 
freezing) is a complex phenomenon controlled by the physico-chemical 
systems of the proteins and salts in the milk. The stability of the casein com-
plex has been studied in detaiP38-44 a nd reviewed.345 
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The simplest test for unstable milks on the platform is the alizarin-alcohol 
test80 which can be performed in a few seconds. 

G. Homogenization 

Milk intended for sterilization is always homogenized (p. 81). The 
thickening or gelation of milk can be delayed by homogenizing after heat-
treatment, but this system is normally only possible with products which 
are not sterilized in the container. 

H. The Colour of Heated Milk 

The effect of pasteurization and quick sterilization or "UHT" (~140°C 
for about 2 sec) on the colour of milk is negligible, but sterilization (108— 
115°C for 20-40 min) can make milk appreciably brown, especially if cooling 
IS slOW.325, 326, 346-8 

Addition of calcium can decrease the liberation of sulphydryl groups from 
the /Mactoglobulin in milk349 and also reduce the cooked flavour in milk, 
possibly by bonding with partially denatured protein.350 

I. Microbiological Faults and their Control 

1. General 
The heat-treatment may not destroy all spores in a bottle, and the higher 

the spore content the greater is the chance of one or more spores surviving. 
Bulk milk may contain from 1 up to 100 or more spores per ml. Spores are 
more numerous in autumn and winter. Suggested standards for raw milk are 
given in Table 10. 

Pre-treatment at 135-140°C for about 2 sec (UHT) followed by steril-
ization at 110°C for about 10 min in the bottle should ensure destruction 
of all spores. A badly contaminated milk and/or inadequate sterilization can 
lead to characteristic faults. If surviving spores are of the rennet-producing 
type and germinate, the casein may be rendered unstable to heat so that when 
used for tea, coffee, etc., or when boiled the sterilized milk curdles and the 
protein sinks to the bottom. Such milk may appear normal to sight, odour 
and taste. 

2. Incubation Tests 
When any material, food or otherwise, is packed in a sealed container and 

sterilized, or receives a treatment which is intended to sterilize it, ordinary 
plate count tests are useless for control purposes, except for special investiga-
tions of faults. By far the best test for sterilized milk and cream, and for 
evaporated milk is to incubate a number of containers at 27°C and 55°C. 
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Only spores survive even an inefficient sterilizing treatment, and the object 
of the test is to ascertain if any spores capable of growth have survived. 
Most spores can germinate and grow at 27° and 37°C, and some even at 
55°C; the obligate thermophils may grow only at temperatures above 37°C. 
Growth is readily detected by opening the container after, say, 14 days at 
37°C and after 7 days at 55°C. If in bottles or jars, evidence of growth may 
be seen in the form of gas bubbles, digestion of the curd, etc. Cans often 
swell in such a test and bottles may burst. The only difficulty is in deciding 
what is a statistically satisfactory number to test per batch, and of course in 
providing the necessary incubator space. 

TABLE 17. Sterilized milk, quality control methods 

Flavour Odour and taste 
Colour Visual or Tintometer disc 
Identification as Turbidity144* (legal test but of no 
sterilized milk use commercially) 
Keeping or bacteriological Incubation of unopened bottles 
quality at 27 and 55°C 
Chemical Fat,* solids-not-fat,* added water* 

as for milk. 

Ordinary colony counts and coli tests are useless 

* Legal standards involved. 

For continuous processes two containers may be taken every hour and one 
incubated at 27° and the other at 45° or 55°C. Any clear evidence of growth 
fails the sample. If a large incubator is not available the containers may be 
stored in a warm place, e.g. a boiler room or over a hot tank which holds them 
in the range of 20-30°C. Although taking a longer time to detect surviving 
spores, this method is more closely related to use conditions. 

From a commercial point of view the keeping quality at consumer-holding 
temperatures is the crucial problem. Spores may germinate at 37° or 55°C 
and not at 10-20°C in a reasonable time, say one month for sterilized milk 
and one year for evaporated milk. Nevertheless consumers often store 
sterilized foods in warm places and the use of 27° and 55°C for incubation 
tests is sound. Moreover, exported goods are often subjected to high tempera-
ture. Apart from a few special instances it can be assumed that any sterilized 
food which passes both 27° and 55°C incubation tests will be satisfactory. 

The presence of non-sporing-organisms in a sterilized product indicates a 
leaking container or imperfect seal. An incubation temperature of 27°C is 
most suitable for detecting this type of contamination, and is also suitable for 
detecting heat-damaged spores other than those of the obligate thermophils. 
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3. Routine Quality Control 
The tests which should be applied to sterilized milk for routine control 

are summarized in Table 17. 

9. ASEPTICALLY FILLED UHT (QUICK-STERILIZED) MILK 

A. General 

One of the most interesting developments in the dairy industry in the last 
few years has been the introduction of milk sterilized by heating at 135-140°C 
for about 2 sec. It has been officially designated as UHT (ultra high tempera-
ture) treated milk. In this process the milk is heated by tubular or plate heat 
exchangers, or by direct steam injection or mixing with steam. This treatment 
is a logical development from earlier methods as follows : 

Process 

Holder pasteurization 

HT-ST pasteurization 

Conventional sterilization 

UHT process 

Temperature 

63-66°C 

71-72°C 

110-115°C 

135-140°C 

Time 

30 min 

15 sec 

20-40 min 

2 sec 

Effect 

Kills about 99% of 
vegetative cells but 
no spores 
Kills about 99% of 
vegetative cells but 
no spores 
Kills all vegetative 
cells and nearly all 
spores 
Kills all bacteria 
including spores 

This process requires special equipment and more elaborate control than 
the HT-ST process but the biggest problem in its commercial development 
is that of filling the sterile milk into sterile containers without contamination. 
This is exceedingly difficult as milk, unlike soups, etc., cannot be subjected to 
these high temperatures for some time without loss of quality. The Dole 
aseptic canning system cannot therefore be used, and, moreover, glass con-
tainers and cartons cannot be used with this method. No advantage in 
keeping quality is consistently gained when this type of milk is filled into 
bottles or cartons in the ordinary way, but filling hot into sterilized milk 
bottles gives an improved keeping quality.351 Bacillus cereus is usually 
responsible for early spoilage and corynebacteria for the later spoilage. 

The greatest advance in this field has been made by the Tetrapak system. 
The sterile milk is fed into a tube of black polythene-lined or aluminium-
polythene laminated paper in a sterile atmosphere, the material having been 
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sterilized immediately before filling by passing through 15% hydrogen 
peroxide solution which is subsequently decomposed by heat. The tube con-
taining milk is then formed into a tetrahedron and heat-sealed. If the process 
is successfully operated the product is sterile and of indefinite keeping quality 
bacteriologically, but oxidized flavours can develop in a week or so. Initially 
there is a slight cooked flavour which may be succeeded by a "cabbagy" 
flavour due to volatile sulphur compounds. A steam injection process 
(Uperization) coupled with aseptic Tetrapak cartoning has been in commercial 
use in Bern, Switzerland, for 3 years and an indirect heating process by APV 
and Alfa-Laval plate heat-exchangers similarly coupled has now been per-
fected by a British dairy company. This process became legally recognized 
in the United Kingdom in October, 1965,352 but only with indirect heating, 
i.e. steam injection methods are not permitted. 

B. Technical Problems 

When plate or tubular heaters are used there is a considerable deposition 
of heated protein and calcium salts ("burn on") which increases pressure 
build-up in the system, reduces flow rate and length of run, and also the 
nutritive value of the product. Cleaning (p. 162) also becomes a more trouble-
some and costly problem. This deposition can be minimized by using only 
good quality milk (absence of souring, mastitis and colostrum), by correct 
pre-heat treatment, by correct design of plant and by de-aerating the milk. 

The various types of heat-treatment bring about different degrees of 
physical change and complex formation in the proteins of milk.353 The steam 
injection method has certain advantages. There is no deposition on plates or 
tubes and by the vacuum-assisted evaporation of the condensed water a 
very rapid cooling can be effected. 

The main disadvantages are that a very good quality steam must be used, 
as otherwise the milk becomes tainted, and the control of steam injection and 
water evaporation must be very efficient to secure adequate bactericidal 
power without overheating. 

Steam injection is illegal in the United Kingdom352 but has now been per-
mitted in some countries. It can be anticipated that it will be authorized in 
due course in most countries. 

Recent advances in continuous sterilization and aseptic filling have been 
reviewed354"356 and economic aspects discussed.357 

C. Containers for Aseptically Filled Sterile Milk 

Clearly a sterile container, sterile milk and aseptic conditions are all 
essential for this process, and the container may prove to be the most difficult 
of the three problems. The Tetrapak (p. 89) is the only one so far to have 
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achieved commercial success. Ordinary cartons are unlikely to be suitable 
for this method. Plastics, whether as a lining in a paper carton or as a sachet, 
are more likely to be successful, as the material is sterile in making and 
moulding. 

Bottles require an intensive treatment, either by a special process in a 
modified bottle washer358 or by superheated steam.359-36i The latest work has 
been reviewed.362»363 

D. Testing of Aseptically Packaged Dairy Products 

This method is still very much in the experimental stage, but there is an 
important difference between the testing of sterilized products and that of 
aseptically packaged sterile materials. In the former only spores can survive 
(excluding leaking containers) whereas in aseptically filled products there is 
always the possibility of contamination by non-spore-forming organisms. 

TABLE 18. Aseptically filled sterile milk 

Aspect 

Poor keeping quality 

Oxidized flavour 

Irradiation methods 
Concentrated milk 
Sedimentation 

Equipment 

Causes 

Failure to reach 
necessary temperature 
and or holding time 
Failure to sterilize 
bottles or cartons 
Too great an air 
space in container 
Exposure to light 
Copper contamination 

Abnormal chemical 
composition of milk 

References 

366, 367, 368 

351 

369, 370 
371 
372 

373, 374 

For the latter process, therefore, incubation tests should be made at 27°C as 
well as at 37 and 55°C. If three temperatures are not practicable, then 27 and 
37°C should be used. An important point to bear in mind is that when cells 
are damaged they more easily recover and grow at 27°C than at 37°C. 

A general purpose or non-selective medium should always be used in testing 
for survivors in heat-treated products, although selective media (which are 
inevitably somewhat inhibitory for the organisms sought) may be used as 
well. After incubation for at least 3 days a loopful may be streaked on appro-
priate media, or 1 ml added to tubes of litmus milk and cooked meat broth 
which are then incubated for 3 days at the same temperature. 
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If biochemically active organisms (e.g. producing gas, clotting or taint) 

have grown in the incubated carton or bottle there is no need for any further 
bacteriological testing as growth is self-evident. For investigational purposes 
and more stringent control the containers may be incubated for 3 days at 
55°C, 7 days at 37°C, and 14 days at 27°C. These times are usually imprac-
ticable for routine control purposes. Contaminants growing at 55°C usually 
reveal themselves within 24 hr. 

The new British Regulations3^, 364,365 require milk to be held for not less 
than 1 sec at not less than 270°F (132°C), and they prescribe a method for 
testing UHT milk based on a colony count. 

Common defects, their causes and other aspects are summarized in Table 
18. In general, analytical and control methods are as for sterilized milk 
(p. 83), but methods for the enumeration of non-spore forming organisms 
must also be employed. The turbidity test (p. 87) is unsuitable for this type 
of milk. 

10. FLAVOURED MILKS 

These are essentially whole, low fat or skim milks that have been flavoured 
with chocolate, coffee or other natural materials and sterilized in the bottle. 
Fruit-flavoured milks have never established a firm market in the United 

TABLE 19. Flavoured milks 

Flavour Choice of materials Charley375. 
Processing methods 
Conditions of storage Storck377 

Also as for pasteurized and sterilized milks. 

Kingdom, presumably because fruit flavours do not go well with milk, 
although they are more attractive to children than to adults.375»376 From 
the quality control point of view they are identical with sterilized milk with 
the additional complication of the flavour and, with chocolate, possibly of the 
sediment. Fruit flavoured milk shakes377 served in cafes and at exhibitions, 
etc., are quite a different commodity and are made up as required. For 
references on methods see Table 19. Ni sin has also been used for sterilized 
chocolate milk.378 

There are now many products containing milk or constituents of milk such 
as chocolate milk, coffee milk, fruit milk drinks, rice puddings, infant foods, 
dietetic foods, therapeutic foods, etc. All these can be placed in groups 
corresponding to well-defined dairy products such as sterilized milk, milk 
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powder, etc., according to the type of processing employed. The same micro-
biological standards as for the parent dairy product can then be applied to the 
special food. 

11. CREAM 

From the technical point of view cream may be regarded as milk excessively 
rich in fat. The ratio of fat to SNF is, of course, very high, and frequency of 
collision between fat globules much greater than in milk. With this proviso 
all general consideration applying to milk apply also to cream. 

A. Types of Cream 

There are 4 basic types of cream: (1) single or "coffee" cream containing 
10-20% fat; (2) double or thick cream of 40-50% fat; (3) "whipping" 
cream containing 36-44% fat; (4) sterilized or canned cream containing 
about 23 %fat. Fat standards for cream vary appreciably in different countries. 

TABLE 20. Properties of cream 

Cream (pasteurized) General references 

Low fat content Faulty standardization 382 
Body, etc. Processing methods 383 
Peptonization, taints Contamination by 384, 385 

proteolytic and lipo-
lytic organisms 

Failure to whip Excessive heat treat-
ment 330 
Inadequate cooling 

Clotted cream 386 

Also as for pasteurized milk. 

In the U.K., single cream must have at least 18 % and double cream at least 
48 %.379 Sterilized (canned) cream is always homogenized and in the U.K. 
must contain at least 23 % fat. In other countries standards may be lower and 
a "coffee cream" at about 10% is popular, as in the U.S.A.380 

1. Single Cream 
Single cream is usually homogenized to increase viscosity. Treatment at 

2500 lb/in2 easily leads to clustering so that a second homogenization at 
500 lb/in2 is often employed to break up the clusters and so give a product of 
satisfactory viscosity. 
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2. Double Cream 

This is the standard type of cream used with sweets, fruit, etc., and is sold 
in the greatest quantity to the housewife. It is not homogenized. The 
viscosity or thickness varies with breed of cows, season, processing treatments 
and particularly ageing.38i Different consuming areas may prefer a liquid or 
a semi-solid product (cf. p. 92). For technological aspects see Table 20. 

B. Tests and Standards 

Analytical methods are summarized in Table 21. Although there are no 
legal tests or standards the Public Health Laboratory Service has recom-
mended the use of a méthylène blue test as for ice cream.389This test is designed 
to pick out the bacteriologically bad samples which can then be followed 

TABLE 21. Quality control methods for cream 

Property Test 

Flavour Odour and taste 
Titratable acidity 

Fat Gerber (routine) 
Röse-Gottlieb (accurate and legal) 

Keeping quality Méthylène blue or resazurin at 18°C 
Titratable acidity after incubation at 18°C 

Bacteriological Méthylène blue 
Plate count 
Coli 

Bacteriological tests 

Méthylène blue reduction time 
after 17 hr at 20°C Grade 

Not reduced in 4 hr Satisfactory 
Reduced in £-4 hr Doubtful 
Reduced in 0 hr Unsatisfactory 

Suggested bacteriological standards 

Satisfactory Doubtful Unsatisfactory 

Colony count < 10,000 10,000-100,000 > 100,000 
Coli <10 10-100 >100 
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up by plate count and coli tests. The méthylène blue standards and suggested 
standards based on the count and coli tests are given in Table 21. 

From the point of view of processing, method of distribution and general 
properties, retail cream can be regarded bacteriologically as milk. General 
data have been published on the bacteriological aspect of retail cream.390 A 
rapid method for estimating the size distribution of fat globules in cream has 
been given.39i 

The Food Standards Committee of the Ministry has now (July 1967) 
issued a Report on Cream^92 in which they suggest additional standards of 
12 % fat for half cream and sterilized half cream, and 35 % for whipping cream 
and whipped cream. They propose a standard of 20 % fat for single cream. 
The designations "untreated", "pasteurized" and "UHT" may be used as 
for milk. 

3. Whipping Cream 
The usual fat content is between 36 and 44% with an average value of 

38-40%. Different bakers and other food processors have their preferences 
in this matter and will dictate their requirements. 

Various methods and apparatus for measuring whippability and viscosity 
of the whip have been described^30» 393,394 Control is usually based on fat 
content, viscosity, over-run and leakage.395 

4. Clotted Cream 
This is a characteristic West of England product made largely for the 

tourist trade. Its origin was the primitive method of preparing a thick cream 
of better keeping quality than the crude, raw product. It should be made 
preferably from the milk of Jersey and Guernsey cows as the high fat content 
and large globules of yellow fat give a more characteristic product. 

As it is typically a farm product, the initial bacterial content is often high, 
leading to a full flavour. A common fault in this product is off-flavours due to 
dirty equipment. 

When made in a factory, cream is separated mechanically and the hygienic 
quality is usually superior. However, farmhouse-making, involving heating 
gravity-separated cream at about 85°C for about 45 min, permits even and 
thorough heating to give the traditional product of characteiistic colour, 
body and flavour. The factory-made product does not always compare well 
in these respects, but usually has a longer keeping quality. The commonest 
faults are lack of flavour and poor keeping quality due to under-scalding, 
and an over-cooked flavour, greasy body and uneven colour due to over-
scalding. 

The antibiotic nisin can now be added to clotted cream in the United 
Kingdom to enhance keeping quality (p. 142). 
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C. Common Defects 
Cream requires more drastic heating for pasteurization than milk because 

of slower heat penetration and the protective effect of the fat. Vacuum and 
steam treatments may be used to eradicate absorbed odours; cream is one of 
the best substances known for absorbing odours. 

In spite of modern processing methods cream is still a source of anxiety in 
hot weather and particular attention should be paid to the following: quality 
of the milk; condition of the separator; heat-treatment of the cream; pre-
cautions against subsequent contamination; efficient packaging; storage and 
distribution at below 7°C; precautions against absorbed odours. Common 
defects and their causes are summarized in Table 20. 

D. The Removal of Taints from Milk and Cream 

Taints in liquids due to volatile products (nearly all feed flavours and some 
of microbiological origin) can be removed by steam treatment using such 
equipment as the Vacreator396,397 and other types.398 Methods for cream 
have been described by McDowall.399-403 

E. Sterilized (Canned) Cream 
L General. 

This product is technically one of the most difficult of all dairy products. 
There is a legal standard of 23 % fat, which is linked with stability of the 
emulsion, but failure to obtain a sterile stable cream is frequent. There is 

TABLE 22. Cream (sterilized or canned : defects and causes) 

Defect Causes References 

Low fat content Faulty standardization 
Rising of fat globules Faulty homogenization 387 
Taints, gas, thinning Inadequate heat-treatment 388 

Faulty seaming of cans 
Contaminated cooling water 104 

often a zone of serum at the bottom of the can or bottle and the label should 
always bear the words "Shake well before use". Separation of a serum phase 
can be prevented by incorporation of casein into the fat-protein complex.404 

Common defects and their causes are summarized in Table 22. Chemical 
control methods are as for cream and microbiological methods as for 
evaporated milk. 
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2. Whippability of Sterilized Cream 
Sterilized or canned cream that can be whipped has become a very popular 

product in recent years. A satisfactory product should be stable and yield 
little or no drainage with an over-run of 100-120 %. This requires a foam with 
solid lamellae. 

It was formerly considered that homogenization (as used for sterilized 
cream) prevented the whipping of cream,405 but it has now been shown that 
it is possible to whip homogenized 30 % sterilized cream if medium-sized 
fat globule clusters are present. Tiny clusters do not give a stable foam, and 
large clusters give a stable foam but little over-run.406 Whereas the whipping 
of unhomogenized cream involves the pre-churning of the cream to give a 
skeleton of free fat particles, the rigidity of whipped homogenized cream 
depends on a coherent agglomerate of medium-sized clusters (15-20 μ). To 
get a satisfactory product therefore, the correct pressure and temperature of 
homogenization to obtain clusters of this size must be employed. 

F. Frozen Cream 

The problems of frozen cream are basically those of frozen milk (p. 82), 
making allowance for the increased proportion of fat globules. Defects are 
common on thawing; the cream becomes oily with granular flocculates and 
often assumes an oxidized or even metallic flavour. 

As with milk (p. 82) the best results are obtained by quick freezing. A 
metal container (e.g. tinned) has the advantages of good thermal conductivity 
during freezing and oxygen impermeability during storage, which should 
be at from —12 to — 18°C, according to the life required. By observing certain 
requirements frozen cream may be stored for up to 1 year. 

Brown40? has compiled a useful bibliography on this subject. 

12. MANUFACTURED PRODUCTS 

A. General Considerations 

The various types of liquid milk and cream that have been discussed so 
far are not generally considered as "manufactured products" as the former 
are normally processed in the large centres of consumption (towns) whereas 
the latter (concentrated milks, powder, butter and cheese) are normally made 
in the production areas (country). The former are usually only sold retail 
and in small units by the processing firms (apart from inter-company trans-
fers) whereas the latter are commonly sold wholesale to specialist distributors. 

Whereas butter and cheese are characteristic products of great antiquity 
and foods in their own right, condensed and dried milks (preserved milks) 
are relatively new products, being only about 100 years old, and the object 
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in manufacture is to produce something which, on dilution or reconstitution 
gives a product as like fresh milk as possible, making allowance for the sugar 
in sweetened condensed milk. From the quality control point of view, there-
fore, butter and cheese are individual products, whereas the other products 
are judged primarily on how closely they come to the original milk when 

TABLE 23. Expected keeping quality of dairy products (temperate regions) 

Product Days 

Raw milk 
summer 1 
winter 3 

Pasteurized milk 
summer 1-2 
winter 3-7 

Sterilized milk 
U.K. legal 7 
commercial 

Soft cheese 7-14 
Full cream spray 

powder (ordinary) 
Semi-hard cheese 
Full cream roller 

powder 

Months 

3 

3-6 
3-6 
6 

Product 

Sweetened condensed 
milk 

Full cream spray 
powder (high 
preheating) 

Skim roller 
powder 

Cheddar cheese 
Evaporated milk 
Full cream spray 

powder (gas packed) 
Parmesan cheese 

Months 

12 

12 

18 
18 
24 

36 
several 
years 

TABLE 24. Bacteriological standards for dairy products (incubation tests) 

Sterilized milk 
\ 

Evaporated (unsweetened) J 
Condensed (sweetened) 
Canned processed cheese 

7 days 55°C 
14 days 37°C 
1 month 27°C 
1 month 27°C 
3 months 32°C 

Contaminated cans or bottles usually react in shorter times than those given above. 
Unsterile cans are usually detected by "blowing" or by visual inspection. Organoleptic and 
microscopic examinations can also be applied. 

utilized. Thus developed flavour is a desired quality in butter and cheese but 
in preserved milks the characteristic flavours (e.g. cooked and tallowy) are 
objectionable and are kept to the minimum. 

Each manufactured product has its own peculiar properties, its own types 
of vulnerability, its own specialized requirements for control and storage, 
and its own type of analytical control, and these present some interesting 

5 
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contrasts which are summarized in Tables 23 and 24. Chemical control is 
necessary not only to determine yield but also for standardization purposes 
for the concentrated and dried milks where there are legal standards. 

B. Pre-heat-treatment for Manufacture 
Apart from a small quantity of milk consumed raw, and a certain amount 

of cheese made from raw milk, all milk today receives some form of heat-
treatment in the developed countries. For liquid milk, this may be pasteur-
ization (p. 75) or sterilization (p. 83) to make it safe and enhance keeping 
quality, but for manufacture heat-treatment achieves other useful functions 
as follows, (i) Enzymes, of which the most important is lipase, are destroyed. 
If not destroyed, lipase splits fat to form free fatty acids, which cause hydro-
lytic rancidity and off-flavours. Even a trace of lipase can produce taint in 
long keeping products such as full cream powder. Heat treatment at about 
90°C for 15 min is necessary to inactivate all the lipases in milk. Other 
enzymes such as peroxidase, phosphatase, catalase and proteases (if present) 
do not appear to be of economic significance, (ii) A correct preheating has a 
stabilizing effect on milk for condensing. Holding at from 70 to 90°C for 
from 10 to 30 min (or the equivalent) is a commonly used method, (iii) Pas-
teurization kills virtually no spores and quick sterilization (UHT) (140°C 
for 2 sec) kills all. 

Although it is commonly stated that spores can resist boiling, this state-
ment is only partly true. Some spores are heat-sensitive and are killed by 
temperatures below 100°C. A fairly severe heat-treatment, such as is used for 
pre-heating in condensing (p. 105) or for making yoghourt (p. 147) etc. 
therefore not only kills all vegetative cells and destroys harmful enzymes, but 
also kills some spores. A mild heat-treatment or pre-warming may stimulate 
the germination of spores which would otherwise be dormant for a long time. 
The vegetative cells of spore-forming organisms are easily killed by heat. 

All milk—raw, pasteurized, homogenized and sterilized—will deposit a 
sediment in time, although it is usually so slight that it is not noticed. In 
raw milk colostrum and mastitis (high cell content) are predisposing factors, 
and the more milk is heated, the more denatured albumin etc. and calcium 
salts are precipitated. 

Homogenizing tends to increase sedimentation from pasteurized milk, 
because disruption of the fat globules leads to the liberation and denaturation 
of protein and calcium salts adsorbed on the fat globules. 

Clarification is more effective than filtration and milk is normally clarified 
for homogenizing, although not always for pasteurizing. Clarification is most 
effective at about 40°C but it may be more convenient for a dairy receiving 
refrigerated milk to clarify cold ; a further point is that cold clarification is 
considered to be less deleterious to cream line in non-homogenized milk. 
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C. Assessment of the Effect of Heat-treatment in the 
Processing of Milk 

All modern methods of processing or manufacturing milk involve some 
type of heat-treatment, and frequently more than one. A pre-heat-treatment 
at a high temperature (90°C) may be given for a short time (30 sec) to kill 
micro-organisms, destroy enzymes, and confer stability on the proteins 
without affecting colour and flavour to any extent. Subsequent processing 

TABLE 25. Quality control of milk for different manufacturing purposes: 
recommended specific tests 

Product 

Condensed 
(sweetened) 

Evaporated 

Milk 
powder 
Cheese 

Butter 
(soured 
cream) 
Butter 
(sweet 
cream) 
Cultured 
milks 

Composi-
tional test 

Fat, SNF 

Fat, SNF 

Fat, SNF 

Fat, SNF 
or fat and 
casein 
Fat 

Fat 

Fat, SNF 

Other 
chemical 

tests 

Normality 
(absence of 
colostrum) 
Normality 
(absence of 
colostrum) 

— 

— 

— 

— 

— 

Microbio-
logical 

tests 

Yeasts 

Spores 

— 

Coliforms 
Clostridium 

Moulds 

Moulds 

— 

Other 
tests 

— 

— 

— 

Antibiotics 
and 
preservatives 
Antibiotics 
and 
preservatives 

— 

Antibiotics 
and 
preservatives 

may involve such treatment as clarification, homogenization, separation, 
condensing, drying, use for cultured milks and various manufactured pro-
ducts, so that the gross effect, or summation of all the changes induced, is 
brought about by one or more heat treatments and one or more types of 
processing. 

The changes induced in the liquid milk are chiefly protein denaturation, 
precipitation of calcium salts and protein, changes in colour, pH value, 
viscosity and optical rotation, and production of volatile compounds con-
taining sulphur and destruction of some labile compounds including some 
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vitamins. The darkening is due partly to caramelization of the lactose and 
partly to condensation between amino acids and lactose, etc. The increase in 
acidity is due partly to the precipitation of calcium and partly to the produc-
tion of acidic substances such as formic acid. These changes afford con-
venient methods for measuring the extent of heat treatment.283»408 

The degree of heat treatment affects the value of milk for other foods, e.g. 
bread and tea409 and of course nutritional value (p. 76).410~12 

D. Technological Aspects of Quality in Manufactured Dairy Products 

Dairy manufacture, particularly of butter and cheese, is still largely a craft 
in that the actual maker or production manager is an experienced practical 
man who may have had no scientific training. Decisions are often made by 
subjective assessment which may or may not be based on simple analytical 
tests. 

In the following discussions of technological aspects of manufacture 
(sections 13-20) a milk of good bacterial quality (p. 60) and suitable equip-
ment in a satisfactory hygienic condition (p. 162) are taken for granted. 

The more important laboratory tests for milk quality in manufacture are 
summarized in Table 25. It is assumed that a suitable test for general bacterio-
logical quality, such as resazurin or méthylène blue, is applied to all the milk 
used for manufacture. 

13. EVAPORATED MILK 

A. General 

The legal standards for evaporated milk in the U.K. are for full cream 9% 
fat and 22% SNF and for skim 20% milk solids. These figures are linked 
with the stability of the product and the composition of whole milk, which 
is assumed to be 3-6 % fat and 8-8 % solids-not-fat, giving a ratio of 1 to 2-44. 
It is therefore necessary to standardize milk for the manufacture of full 
cream evaporated milk. The degree of concentration is about 2\ for full 
cream and 2\ for the skim product. Common defects and their causes are 
summarized in Table 26 and quality control methods in Table 27. 

B. Homogenization 

Milk for sterilized and evaporated milks is invariably homogenized to 
prevent the formation of a cream layer (p. 81) on storage, but separation of 
fat may take place on standing if the homogenization is not adequate. The 
lower the viscosity, the larger the fat globules and the greater the density 
difference between fat and the skim milk, the faster will the globules rise and 
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the cream layer form.52 The depth of layer is largely influenced by clustering 
of the globules. Maxcy and Sommer41? have devised a method for measuring 
the effectiveness of homogenization based on these properties. See also p. 81. 

TABLE 26. Evaporated milk (unsweetened) 

Defect 

Poor keeping quality 

Sedimentation 
Instability or gelling 

Taints, peptonization, 
gas 

Cause 

Inadequate heat 
treatment 
Milk high in heat-
resistant spores 
Faulty pre-heat 
treatment 
Inadequate stabili-
sation by phosphates, 
etc. 
Faulty seaming of cans 

General references 

Hunziker413 

Rose414 

Scott4^ 

Brunner416 

Also as for sterilized milk. 

TABLE 27. Evaporated milk: quality control methods 

Flavour 

Colour 

Sterility 

Chemical 
Deposits 

Odour and taste 

Visual or Tintometer 
disc 
Incubation of unopened 
cans at 37 and 55°C (for 
spores). Incubation at 
27°C and plating (for 
"leakers") 
Fat* and total solids* 
Visual examination of 
product and can 

* Tests of legal significance. 

C. Equipment 
The four types of sterilizer commonly used are : (i) batch or autoclave. 

These should preferably be of the rocking or rotating type, but static types 
are sometimes used; (ii) continuous hydrostatic (water column) type; (iii) 
continuous hot air type (not common) ; (iv) sequential pressure type. These 
usually consist of three chambers: heating, holding and cooling. All types 
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have their advantages and disadvantages, e.g. (i) are cheap but the equal-
ization of heat-treatment is difficult, (ii) are reliable but not flexible, (iii) 
allow no balancing external pressure so that can size is limited, and (iv) are 
expensive but most efficient. 

D. Technical Problems 

The main problems with evaporated milk are sterility (or keeping quality) 
and physical stability. There is no simple or rapid test for measuring the 
rate at which the product will thicken on storage. The control of thickening 
can be improved by (i) careful selection of the raw milk, (ii) selection of the 
times and temperatures of both pre-heat-treatment and subsequent steril-
ization, and (iii) selection of bicarbonate, polyphosphate, phosphate and/or 
citrate as stabilizing salts. Evaporated milk may become less viscous on 
storage (age-thinning), the viscosity varying inversely with the logarithm of 
storage time, while the slope of the curve varies directly with temperature. 
Sterilization retards fat separation, and the most important factor is effective 
homogenization.417 

Tin and iron, but not copper and lead, may increase appreciably in con-
centration in evaporated milk stored in cans, and at 37°C darkening, fat 
separation and corrosion of the can proceed rapidly.418 

E. Flavour 

The general basis of flavour in evaporated milk is that of sterilized milk. 
The higher the temperature and the longer the time of holding the more 
cooked is the flavour, other conditions being equal.419 

In a study of three processes (conventional, HT-ST and aseptic), Sundara-
rajan et al.420 found that the flavour by the aseptic process was initially best 
but deteriorated rapidly during the first few weeks of storage whereas that 
by the HT-ST process deteriorated very little. Evaporated milk made by the 
conventional process was consistently the poorest in flavour. 

F. Bacteriological Aspects 
The probability of a spore surviving in a can of evaporated milk depends 

not only on the heat-treatment but also on the heat-resistant spore content 
of the initial milk. The problem is thus basically the same as for sterilized 
milk (p. 83). The factors to be controlled are therefore (i) initial content 
of heat-resistant spores (these may be defined as those surviving 105°C for 
10 minutes), (ii) pre-heat-treatment (p. 98), (iii) hygienic conditions of 
evaporator, (iv) time and temperature of sterilization process and (v) bac-
terial condition of cans. 
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Aseptic filling (p. 88) of concentrated milk has been investigated, particu-
larly in U.S.A., but has not advanced beyond the experimental stage (p. 103). 

G. TheUseofNisin 

The essential problem with evaporated milk is to ensure sterility without 
damaging structure, physical stability, colour, flavour and nutritive value. 
It is now permissible to add nisin to evaporated milk (p. 159) and this gives 
a satisfactory keeping quality with less drastic heating. Nisin is particularly 
effective against spore-forming bacteria (cf. 60. Cheese, p. 142). The use of 
nisin permits a milder heat-treatment (e.g. 105°C for 15 min or 113°C for 
3 min) than normal (e.g. 113°C for 15 min) (maximum temperatures listed) 
and the losses in the most labile vitamins (Bi2, BO and Bi) are then slightly 
reduced.421 

H. Granules and Glass-like Fragments in Evaporated Milk 

Sodium citrate and sodium phosphates may be used as stabilizers for 
evaporated milk. These tend to increase the likelihood of precipitation of 
calcium citrate and/or calcium phosphate in crystalline form. In aged 
evaporated milk such crystals can be mistaken for glass (see also p. 84). 
Granules formed at room temperature are mostly calcium citrate. Granules 
that form in evaporated milk held at low temperatures are mainly CaHPC>4 
together with peptide material rich in glutamic acid.422 

14. STERILE CONCENTRATED MILK 

A. General 

Milk concentrated and then sterilized in cans (evaporated milk) inevitably 
acquires a characteristic cooked flavour and there is considerable loss of 
vitamins. Both defects can be avoided theoretically by UHT or quick 
sterilization for ca. 2 sec at 140°C and concentration under sterile conditions, 
but aseptic filling into sterile containers is technically a difficult problem. 

B. Physical Stability and Gelation 

Gelation of the product on storage is a further problem, and is accom-
panied by an increase in non-protein nitrogen.423»424 This is apparently not 
brought about by enzymes.425 The factors controlling physical stability (time 
to gelation) of sterile concentrated milk (26 % solids) milk are numerous and 
complex. Gelation is preceded by a reversible steep rise in viscosity, although 
the actual gelation is irreversible. The higher the sterilizing temperature and 
the lower the forewarming temperature, the shorter is the gelation time 
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although the flavour is better. Heat treatment must naturally be sufficient 
to ensure sterility and this is given by the equation 

„ Time(sec) 10(Temp(°F)-250) 
F ° = 60 X Z 

where Fo, the "amount of heat" required, is a constant and Z is the number 
of degrees Fahrenheit on the temperature scale over which the thermal death-
time curve passes in traversing one logarithmic cycle on the time scale 
(e.g. 18).425a The greater the total solids content the less is the stability, 
and the rate of change in gelation rate is about three times the rate of 
change in concentration of solids. Stability may be twice as great in 
summer as in winter. Serum protein accelerates gelation but fat globule 
membrane material (the "agglutinin" fraction) is without effect. Rather 
surprisingly addition of calcium does not have much effect. Gelation 
rate rises sharply with temperature but there is a curious peak in the 
curve about 10°C. In general viscosity increases with homogenizing tem-
perature.426 Conventional evaporated milk gels more slowly because it 
receives a much more drastic heat treatment, e.g. 113-116°C for 15 to 
18 min compared with the treatment of 132°C for 70 sec used for this pro-
d u c t . 4 2 ^ 

Viscosity is the most important factor controlling foaming and foam 
stability.430 The viscosity of concentrated milk (44 ±1-5% solids) may vary 
from 70 to 800 centipoises according to batch variation (composition of milk) 
and temperature (35 to 10°C). 

The best flavour is obtained by using as high a temperature and as short a 
time as possible for sterilization. Oxidation of the fat is minimized by reducing 
the dissolved oxygen and the head space in the can to the minimum. 

The stability of the heated emulsion is enhanced by homogenization at 
3500-4000 lb/in2. A very small concentration of a stabilizer (alginates, 
gums, etc.) may be used, subject to legal requirements. 

Canned evaporated milk is remarkably stable when stored at 0°C. The 
major changes in four years are a slight loss in riboflavin and vitamin B12, 
a slight increase in non-protein N and a marked increase in free fatty acids.431 

15. FROZEN CONCENTRATED MILK 

Concentrated milk may be less stable in the frozen state than milk 
because the ratio of water to constituents is lower. On storage a change takes 
place resulting in the precipitation of the protein (p. 85). According to one 
theory this instability is linked with the crystallization of the lactose, which 
promotes instability.432"5 This lactose crystallization effect may not hold if 
less than 30 % solids are present.434 
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Whereas quiescent cooling of a supersaturated solution may result in a 

stable solution, cooling with agitation induces nucleation and crystal growth. 
Both agitation during cooling and the presence of foreign nuclei decrease 
stability of frozen concentrated milk.436 This illustrates the advantages of a 
good quality clean milk and of high speed centrifugation (p. 84) as a desir-
able pre-treatment of milk for this purpose. Addition of gums and other 
stabilizers gives variable results on account of interaction between the milk 
proteins and the stabilizers. 

The protein changes are greatest with the /Mactoglobulin and a-casein, the 
other whey proteins showing little change.436 

Serious attempts have been made in U.S.A. to put frozen concentrated 
milk on the market but there are clearly many problems to be solved before 
this product becomes a commercial proposition. 

16. SWEETENED CONDENSED MILK 

A. General 

Whereas evaporated milk depends on the efficiency of heat treatment for 
its keeping quality, sweetened condensed milk depends on its sugar (sucrose) 
concentration. This involves a very careful standardization or adjustment of 
the milk SNF and sugar ratio, and of the fat for the full cream product, and 
also control of the final moisture content. 

The skim product is made in the greater quantity. It is in good demand by 
confectionery manufacturers and is a satisfactory outlet for skim milk. 

B. Manufacture 

The major factors controlling the quality of this product are: (i) correct 
adjustment of sugar—milk solids ratio; (ii) correct choice of "striking 
point" ending evaporation; (iii) chemical stability of the milk; (iv) pre-heat-
treatment of the milk; (v) destruction of yeasts in sugar and avoidance of 
subsequent infection both in bulk and in cans; (vi) adequate "seeding" with 
powdered lactose. 

The "striking point" is usually determined by specific gravity measure-
ments, although refractometric values are sometimes used as an auxiliary aid. 

Viscosity measurements are less reliable because of seasonal changes in 
viscosity, differences between sources of milk, and the complexity of factors 
affecting viscosity.437-8 

"Sandiness" is due to the size of the lactose crystals exceeding about 15 μ, 
the threshold at which they can be detected on the tongue. A high quality 
product should have crystaL below 10 6̂ in size. 
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Some manufacturers may rely on the residual product in the pipelines, 
pumps and coolers for the "seeding" or acceleration of crystallization of 
the lactose. Cleaning of these units is not so frequent as with milk because 
of the biological stability of this product, but yeasts, moulds and cocci can 
grow slowly, and neglect of this aspect can easily lead to a poor quality 
product. 

C. Defects 

1. General 
Common defects and their causes are summarized in Table 28. 

TABLE 28. Faults in sweetened condensed milk 

Fault 

Poor keeping 
quality 

Thickening 

Causes 

Contamination by 
unsterile equipment, 
yeasts, etc. 
Inadequate sugar 
concentration 
Faulty pre-heat-treatment 

General references 

413,415 

439 

Faulty consistency 

Sandiness 

Faulty standardization 
(ratio of constituents) 
Holding at too high a 
temperature. 
Inclusion of colostrum 
or other abnormal milk 
Faulty balance of 
constituents. 
Wrong "striking point" 
Faulty cooling. 
Faulty standardization or 
balancing. 
Temperature fluctuations 
in storage. 

2. Age-thickening 
The most serious problem commercially is age-thickening. This property 

is thixotropic and so the high initial viscosity can be broken down by stirring 
to give a much lower viscosity, which, however, increases with age. 

The following factors were formerly considered to influence age-thickening: 
(a) the ratio of divalent cations (calcium and magnesium) to anions (phos-
phate and citrate). This can be corrected by addition of sodium phosphate 
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or citrate before pre-heating, but care is needed as excess can accelerate age-
thickening; (b) the presence of colostrum and excessive amounts of mastitis 
milk (cf. p. 64); (c) developed lactic acidity. This can be corrected by 
addition of sodium bicarbonate, but care is needed; (d) certain types of 
feed for the cows (very controversial); (e) failure to pre-heat, or incorrect 
pre-heating, e.g. between 85 and 100°C; (f) too high milk solids or too high 
sucrose concentration; (g) presence of invert sugar (quality of sucrose); 
(h) storage temperature, especially if 20°C or higher. Recent work has 
thrown considerable doubt on some of these traditionally held beliefs, 
especially (b) and (d). 

Age-thickening appears to be due to the increase in size and aggregation 
of the casein micelles.439 Contrary to general belief, the rate of age-thickening 
increases with decreasing condensing temperatures over the range 23-55°C. 
Both the initial and permanent viscosities increase with increasing storage 
temperatures over the range 20-55°C. 

The choice of correct pre-heating conditions is well known to be of great 
importance for this product. Pre-heating for 10 min at 85°C has a consider-
able stabilizing effect (anti-age-thickening) at lower but little effect at higher 
condensing temperatures. The usual commercial temperature is between 
50 and 60°C.439 Age thickening can be lessened by removal of dialysable 
salts, and polyvalent anions such as phosphate and citrate increase the rate 
of age thickening. The whey proteins do not appear to be involved.439 

The thickening continuously progresses, although in well-made condensed 
milk it does not adversely affect the product for up to 12 months. The likely 
deterioration can be predicted by accelerated storage tests. In difficult periods 
(late spring and sometimes autumn) particular attention should be paid to 
viscosities and changes on early storage, and appropriate adjustments made 
in manufacturing techniques, e.g. by adjusting pre-heat-treatment, proportion 
of ingredients, concentrations of ingredients. Additions of sodium bicarbonate 
and sodium citrate should be made only with the greatest discretion. 

D. Laboratory Control in Manufacture 

7. Milk Supplies 
Sweetened condensed milk is particularly sensitive to faults associated with 

abnormal milk composition and contamination by yeasts and moulds. Great 
emphasis must therefore be laid on these aspects. 

Platform examination of incoming milk should always be extremely 
thorough. In difficult periods (hot weather and calving times) the alcohol 
test (addition of 68 % v/v ethyl alcohol containing alizarin or brom-cresol 
purple to an equal volume of the milk80) was sometimes applied to every can 
of farmers' milk. However, this test has now been abandoned as it appears 
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to have no special significance for age-thickening, although it is the most 
convenient test if it is wished to test every can for developed acidity. At all 
times every can must be smelled for developed acidity and visually inspected 
for any sign of colostrum or mastitis milk. 

2. Standardization 
With the whole milk product standardization must be effected by the 

addition of skim milk or cream to give the required ratio of fat to SNF and 
so ensure compliance with the legal requirement (in the U.K.) of 9 % fat and 
22% SNF in the whole milk product. The skim milk product must contain 
26% milk solids. 

There is no legal standard for sucrose content but this has to be adjusted 
to ensure not only adequate viscosity without excessive thickening on 
storage, but also compliance with the legal standards for the milk constitu-
ents. 

While viscosity measurements are valuable for general quality control, 
they are unreliable for both determining the "striking point" and also 
chemical composition, because of the many factors controlling viscosity. 
Specific gravity, fat and total solids are the standard control tests. 

3. Test on the Finished Product 
(a) General. Recommended tests are given in Table 29. 

TABLE 29. Quality control methods 

Flavour Odour and taste 
Colour Visual or Tintometer disc 
Viscosity (age-thickening) Pouring or laboratory 

measurement of viscosity 
Chemical Fat*, total milk solids*, 

and sucrose 
Microbiological Colony count 32°C 

Coli count 32°C 
Yeasts and moulds 27°C 

* Tests of legal significance. 

On account of the high solids and sugar content of sweetened condensed 
milk, special precautions are necessary for determining the total solids con-
tent. A rigorous standardization of temperature and vacuum oven procedure 
is recommended. 

(b) Viscosity. Viscosity is a most important "customer quality". A thin 
product gives the impression of being low in food value, may be difficult in 
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filling cans, and easily gives spillage and so leads to contamination in the 
factory, and allows the larger lactose crystals and any insoluble matter to 
fall to the bottom in time to form a sticky deposit. 

A thick product is difficult for filling cans and is more likely to thicken 
progressively on storage, even if true "age-thickening" due to protein changes 
is not considerable. 

(c) Colour. The colour of milk and fresh sweetened condensed skimmed 
milk (SCSM) is almost white, and is a complex property controlled by the 
casein, insoluble salts, fat globules and dissolved coloured constituents such 
as riboflavin. Whereas milk, if kept sterile, does not change appreciably in 
colour, SCSM slowly changes on storage becoming a greenish-grey or 
greenish-brown colour. This change is partly due to a chemical reaction 
between the sugar and the protein440 and partly due to physical and chemical 
changes in the protein, commonly called "age-thickening". Although as yet 
imperfectly understood, age-thickening proceeds faster the higher the tempera-
ture and is influenced by the quality of raw materials and care in processing. 

The colour of SCSM is a function of its age, efficiency in manufacture, 
quality of raw materials, and temperature of storage. Any or all of these 
acting adversely will deepen the colour; for a given age, therefore, colour is 
one measure of the general quality of the product. 

Of all these factors temperature of storage is in practice the most important. 
Below 7°C the white colour of the fresh product is retained for years, and 
below 20°C the colour darkens only very slowly. 

The measurement of colour has been described.441 

(d) Microbiological control This aspect is particularly important for a 
non-sterilized product. The pre-heat-treatment always given to stabilize the 
milk (p. 98) will kill all cells except spores. 

Although the sugar, whether used as a syrup or a powder, always receives 
a heat-treatment which destroys all organisms, except perhaps spores, it is 
easy for any raw materials received into a factory to contaminate equipment 
and so indirectly the final product. Hence all supplies of sucrose and especially 
the lactose used for seeding (which is not heat treated) should be routinely 
checked for coliforms, yeasts and moulds. 

Bacteriological control of equipment should pay particular attention to the 
less accessible parts of the equipment (condensing coils, pumps, cocks, etc.). 
Residual material in these is often a cause of contamination. As with all 
products which do not receive a heat-treatment in the sealed container, 
factory hygiene and control of all equipment are of the first importance. 
All water used in the factory should be chlorinated. Although the cans 
may be received in good condition, it is a wise precaution to sanitize 
them immediately before filling by passing them over gas jets or opposing 
steam jets. 
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Sweetened condensed milk relies on a high concentration of sugar for its 
keeping quality, so that biological faults are usually due to the growth of 
yeasts. The product is rarely if ever sterile so that plate count and presump-
tive coliform tests are of great value in assessing hygiene in production. A 
yeast and mould count should also be made. Suggested numerical standards 
are given in Table 30. 

TABLE 30. Standards for sweetened condensed milk 

Satisfactory Doubtful Unsatisfactory 

Total 
Coliforms 
Yeasts 
Moulds 
Lipolytic 

<100 
<1 
< 1 
<1 

<10 

100-1000 
1-10 
1-10 
1-10 

10-100 

>1000 
>10 
>10 
>10 

>100 

Incubation tests are best made at 27°C as this is the most favourable 
temperature for yeasts and moulds. (See typical counts in earlier manu-
facture.443» ^2» ™) Storage or incubation tests for keeping quality can with 
advantage be made both at 15 and 27°C. 

17. MILK POWDER OR DRIED MILK 

A. General 

There are two main methods of drying milk in use today—roller and spray. 
The former is cheaper to install and run, but gives a product inferior in 
solubility but often of better keeping quality and lower bacterial count. 
Spray dried powder is much superior in solubility, appearance, "feel", 
colour and flavour, at any rate initially. The roller product is used for animal 
foods and cheaper human foods. The spray-dried product normally com-
mands a higher price and is used solely for human foods. 

Interest has quickened recently in foam-drying which produces less change 
in the milk constituents. Freeze-drying produces virtually no chemical change 
in the milk. The new Birs low-humidity-low temperature process gives an 
excellent product but involves a very high capital expenditure. 

B. Manufacture 

Milk is always concentrated before drying, for the roller process up to 
about 23 % and for the spray process up to about 48 % (skim) and 52 % (full 
cream). 
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In all drying processes, it is important to avoid over-heating the milk. In 

the roller process the "trough" or pool of milk between the rollers should be 
kept as small as possible; the milk is now sometimes sprayed on. The powder 
should always be cooled as quickly as possible to check chemical changes 
and solidify the fat. In order to obtain the finest spray product (high 
solubility, good "instant" properties (p. 115), good colour and flavour) there 
must be a carefully controlled balance between degree of concentration, 
temperature of feed-in (50-60°C) and temperature of hot air intake. For the 
last, values of up to about 190°C are used for whole milk and up to about 
260°C for skim. Occasionally, even higher temperatures are reported to be 
used successfully. 

Quick removal and cooling of the powder are most important. Instead of 
flat bases and a sweeping arm to remove the powder as it falls to the bottom 
of the chamber, driers are now made with conical bases and most of the 
powder immediately removed through a wide pipe. Improved forms of 
cyclones or air brooms and pneumatic locks assist in quick drying and cooling, 
particularly important for fullcream powders. 

C. Properties of Powders 
1. General 

The general properties of milk powders made by different processes are 
given in Table 31. 
2. Specific Surface Areas of Powders 

The surface area of a powder is clearly related to particle size and the 
smoothness of the particle surface. It may be expected to be related to the 
ability to adsorb gases, rate of oxidation, dispersibility and other properties 
of the powder. Powders have rather low surface areas in the range 0-1-0-6 m2/g 
when measured by gas adsorption methods at — 195°C.450 "Permearmetry" 
gave lower values, and consideration of both sets of values allowed an esti-
mate of porosity to be made. Ordinary spray dried were less porous than foam 
dried and instantized powders. Corresponding values for components (pre-
pared by orthodox methods) were a-lactalbumin 15-01, sodium a-caseinate 
12-21, /Mactose 0-83, /Mactoglobulin 0-63 and a-lactose monohydrate 0-33. 

3. Structure 
The milk powder particle has a structure which depends on the method of 

drying and also on the specific characteristics (parameters) of any particular 
plant. The roller dried particle is a crude mixture of constituents but spray 
and foam dried particles display some sort of structure, and in both there is 
some migration of the more soluble constituents towards the surface, and 
this may be increased by instantizing. There is apparently no relation between 
the orientation and dispersibility.446»451 
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TABLE 31. General properties of milk powders 

Types of drying 
plant or method 

Ordinary roller 

Spray 
orthodox 

foam 

Size of 
particles 

(μ) 

20-30 

90 

Bulk 
density 
(g/ml) 

0-5-0-6 

0-3-0-4 

Characteristics 
of powder 

Severely heated, low 
solubility 

Mild heat treatment 
in chamber, high 
solubility 
Low bulk density, 
high wettability 

References 

444,445 
Birs 
(Very low 
temperature 
low humidity 
method 

Puff 

Freezing drying 

100 

0-2 Very low bulk 
density, high 
solubility 
and dispersibility 
Very good apart 
from free fat 

446, 447 

448 

Data are available on different types of powder.449 

TABLE 32. Dried milk standards 

Description 

Dried full 
cream 
Dried three-
quarter cream 
Dried half 
cream 
Dried quarter 
cream 
Dried partly 
skimmed 
Dried skimmed 

Percentage of 
milk fat 

Not less than 26 

Less than 26 and 
more than 17 
Not more than 17 
and not less than 14 
Less than 14 and 
not less than 8 
Less than 8 and not 
less than 1-5 
Less than 1*5 

Corresponding milk composition 
Minimum percentage of 

Milk 
fat 

3-6 

2-7 

1-8 

0-9 

Milk total 
solids 

12-4 

11-6 

10-8 

9-9 
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D. Legal Standards 
There is now a legal standard of 5% moisture in the U.K., and this must be 

carefully controlled as otherwise the quality will deteriorate rapidly. Satisfac-
tory limits are2-5-3-5 %. A moisture content of over 4 % indicates a bad product. 
A very low moisture content (less than 1 %) may accelerate chemical oxidation 
but this effect does not operate in practice. 

The legal standard of 26 % fat for full cream powders in the U.K. corres-
ponds to about 3-3 % fat in the milk. Milk for powder is always standardized 
by adding the required amount of skim milk; only freak conditions would 
require the use of cream for this purpose. In the U.K. The Dried Milk Regula-
tions 1965!oi (S.I. No. 857) lay down the standards given in Table 32. 

Έ. Technical Control 
L General 

Technological factors controlling quality are summarized in Tables 33 
and 34 and quality control methods in Table 35. 

TABLE 33. Milk powder (roller dried) 

Poor solubility, 
dark colour, 
burnt particles 

High moisture 
content 
Lo\V|fat content 

Defects and causes 

Bad condition of 
knives 
Bad setting of knives 
Excessive steam 
pressure 
Excessive concentra-
tion of milk 
Failure to adjust pH 
of milk 
Low steam pressure 

Faulty standardization 

General references 

413 

452 

453 

Fat and moisture tests are routinely applied to milk powders, as to most 
dairy products. Ether extraction methods such as the Röse-Gottlieb, Schmid, 
etc. are generally used for the fat. Infra-red oven methods are now often 
used for the moisture, especially for rapid control purposes.458 These give a 
result in about 5 min. 

From the nutritional point of view, the most important feature of milk 
powder is its protein content; skim milk powder is as valuable a food as any, 
especially in regions of under-nourishment (cf. 51, 52, 459). 

The Amido black 10 B methods for protein have been applied to milk, 
milk powder and condensed milk.460 
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2. The Solubility Index of Milk Powders 
This property can be simply defined as the percentage of the dry matter 

in a powder which can "dissolve" under defined conditions. It is intimately 
related to the intensity of heat-treatment and so to the method of drying, 
including preheating. Many methods have been described over the past 
40 years. Elaborate methods are used for investigational purposes, but in 

TABLE 34. Milk powder (spray dried) 

Low solubility 

High moisture 

Poor flavour 

Browning 
Low fat content 

Excessive heat treatment 413 
in drying—faulty 
temperature control 
Inadequate cooling 452 
Inadequate heat 415 
treatment 
High count milk 454 
Stale milk 455 
Growth of Streptococcus 
thermophilus in hot well 

456, 457 
Faulty standardization 

TABLE 35. Milk powder: Quality control methods 

Flavour 

Colour 
Solubility 

Chemical 

Bacteriological 

Biochemical 

Odour and taste 
(reconstituted) 
Visual 
Gravimetric or volumetric 
method ; examination of 
sediment 
Nitrogen distribution 
Fat* and moisture 
Peroxide value 
Colony count 
Coliforms 
Microscopic count 
Peroxidase test 

* Test of legal significance. 

industry simple and rapid methods are commonly employed. Spray dried 
powders have a high solubility (about 99-9 %) and so a gravimetric method 
is necessary for accuracy, Roller-dried powders have relatively low solubility 
values (about 85%) and a centrifugal volumetric method is commonly used. 

See published discussions and descriptions of methods.46*-4«^ 
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The solubility of roller-dried powders can be increased by neutralization 

of the milk with soda ash (Na2C03) to an acidity of about 0-11 % (normal 
milk 0-14%). Over-neutralization leads to a flat, soapy taste. A review has 
been given of the use of skim milk powder in the bakery industries466 and a 
standard has now been issued for spray-dried skim milk powder for use in 
canteens.467 

3. Reconstitution 
The ease with which a powder can be reconstituted is of major importance 

and Radema and Dijk46^ have described a method for determining the 
reconstitution index. The dispersibility and ease of reconstitution of milk 
powders have been reviewed by King.469 Reconstitution with ordinary tap 
water at 24°C has little effect on flavour or bacterial counts.470 

4. Free-flowing Properties 
These are important aspects for dispensing and manipulating aspects, 

particularly for vending and preparation of milk drinks.471 Milk powders 
vary considerably in flowing properties, the order being for spray-dried 
powders—full cream, skim, instant skim. It is possible to improve this pro-
perty by incorporation of a "free-flowing agent", but legal considerations 
may be involved. Substances used for this purpose include calcium phosphate 
and silicate, and sodium aluminium silicate. For methods of measurement 
see Sjollema.472 

5. Bulk Density 
This is simply the density of the powder in bulk and is a measure of the air 

incorporated in it or the porosity. 
V— V 

P = —y^ x 100 

where P is the porosity, Fis the bulk volume and Vp is the particle volume.472 

F. "Instant" Milk Powders 

These powders dissolve (skim in cold and full cream in warm water) in a few 
seconds without vigorous agitation. The original method involved rewetting 
or humidifying up to about 15% moisture and the redrying down to about 
5 %. This treatment changes the structure of the powder51» 52,413 to a pumice-
stone type of conglomerate having a honey comb or capillary structure which 
exerts a "blotting paper" effect. Instantizers are usually attached to the drier 
and may involve three stages. This type of powder has a low bulk density 
(e.g. 0-35 instead of 0-7). 
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Attempts have been made to prepare "instant" powders by a straight-
through process, but this type is usually not so "instant", and has a bulk 
density only slightly less than that of normal powder. All instant powders 
are relatively free-flowing and have less "dust" due to the conglomerating 
effect. 

The "instant property" is controlled by "wettability" (establishment of 
physical contact between water and powder), dispeisibility (penetration of 
water into conglomerate and disintegration of the particle) and solubility 
(change from suspension to colloidal suspension or "emulsion"). The final 
solubility is not necessarily higher than that of the normal powder. Instant-
izing naturally costs money, and the economics of the process depend 
entirely on the method of use by the food manufacturer or consumer and are 
not related to the quality of the final product. If the powder is in any case 
mixed with other ingredients in a mechanical mixer for some time, there may 
not be justification for the extra cost of an instant powder, although the 
absence of dust is always an advantage. Storage of instant powders for more 
than 2 or 3 months is inadvisable because of their shorter keeping quality 
due to their higher moisture content. 

The rate of solution of a good instant powder is so rapid that there is no 
point in measuring it. 

Schulz455 gives a full, well-illustrated discussion of methods for making 
instantly wetable and soluble dried milk products. Methods have been given 
of examining instant powders.473»474 Electron microscope studies can give 
more detailed information on the structure of milk powders.475 

G. Low-heat Milk Powders 

For certain purposes where a high solubility, good dispersibility and 
emulsification with "smoothness" are required, a low-heat powder may be 
specified. The grade of such a powder is usually assessed by determination of 
the soluble whey protein fraction (American Dry Milk Institute).4^ Turner477 

has described a convenient turbidimetric method for this purpose. 

H. Defects 

/ . Flavour Aspects 
The characteristic "cardboard", tallowy or oxidized flavour of milk powder 

is the chief difficulty in the development of the market for domestic use. The 
flavour is almost impossible to conceal or disguise. Of the anti-oxidants used, 
Abbot and Waite454 found that dodecyl gállate was the best, and propyl 
gállate, nordihydroguaiaretic acid and 6-dodecyl-3,7,2',5'-tetrahydroxy-
flavone the next best, and butylhydroxyanisole of little use for spray-dried 
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whole milk powder. As with oxidative changes in all milk products, copper 
content is an outstanding factor. Methods are available of estimating copper 
in milk and powder,478 

2, Changes During Storage 
During storage milk powder undergoes characteristic flavour and colour 

changes. Oxidation of the fat leads to the peculiar tallowy odour and taste, 
and condensation between reducing sugar aldehyde groups and certain 
amino groups leads to browning and "flat" and "unclean" flavours. Oxygen 
content controls the former and moisture content the latter. Both changes 
occur faster the higher the temperature, but higher moisture levels may 
preserve flavour better in low temperature storage (0°C) especially with 
higher oxygen tensions. Very low temperatures ( —18°C) appear to be un-
desirable unless all oxygen is excluded with foam dried whole milk powder.479 

Verhoog480 has described a rapid method for the estimation of the air 
entrapped in milk powders. 

The shelf life of spray dried whole milk powder in the presence of oxygen 
is at an optimum (from the flavour view point) when the moisture content is 
about 3%.481»482 With batch vacuum foam-dried whole milk the time in 
storage before the first significant change in flavour occurred, was in-
creased about 5 times when the moisture content exceeded 2-6 %.483 

The major cause of browning in milk powder is the Maillard reaction 
between the protein and lactose,484»485 in which the e-amino group of lysine 
is mainly involved.486-488 During storage lactose may break down to other 
sugars etc., which then also combine with casein to form similar brown 
compounds.456»457 Mook and Williams489 have reviewed recent advances 
in the improvement of whole milk powder. 

5. Pre-heat-treatment of Milk for Drying 
When milk is heated sulphydryl groups associated with the /Mactoglobulin 

are liberated. They can then exert an antioxidant effect, which extends the 
shelf life of milk powder,49** affect flavour491 and also heat stability.492 

They may even play a role in the rennet clotting of milk.493 Lyster494 has 
adapted the /7-chloromercuric benzoate method for the determination of 
the free and "masked" -SH groups in heated milk and its products. 

4. Microbiological Control 
Milk for powder making now usually receives a preliminary heat-treatment 

which kills virtually all micro-organisms except spores. Roller powders 
receive a second severe heat-treatment on the rollers, but for certain purposes 
a low-temperature spray dried product may be required (p. 116). Strict 
microbiological control is essential for this. The counts reported495»496 are 
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very informative on this aspect but their work was done before the more 
modern heat-treatment of the milk came into use. 

Higginbottom497 found that 90% of roller dried milk powder had counts 
below 10,000/g and that aerobic spore-bearers accounted for about 40% 
of the flora. Counts varied from less than 100 to over 100,000/g. Spray-dried 
powders contained a smaller proportion of aerobic spore-bearers but the 
counts varied from less than 10,000 to over 100,000,000/g. 

TABLE 36. Standard for milk powders 

Roller powder 
Total count 
Coliforms 
Yeasts 
Moulds 

Spray powder 
Total count 
Coliforms 
Yeasts 
Moulds 
Direct micro-
scopic count 

Coagulase-
positive 
staphylococci 
Faecal 
streptococci 

Satisfactory 

<1000 
<10 
<10 
<10 

< 10,000 
<10 
<10 
<10 

< 10,000,000 

<10 

<10 

Doubtful 

1000-10,000 
10-100 
10-100 
10-100 

10,000-100,000 
10-100 
10-100 
10-100 

10,000,000-
100,000,000 

10-100 

10-100 

Unsatisfactory 

> 10,000 
>100 
>100 
>100 

> 100,000 
>100 
>100 
>100 

> 100,000,000 

>100 

>100 

As with cheese, age is of importance in considering counts and grades, 
because viable micro-organisms steadily decrease in milk powders unless 
the moisture exceeds the generally accepted limit of 5 %. There is thus an 
analogy between the use of temperature as a bacteriological criterion for bulk 
milk (p. 60) and the use of moisture content in respect of milk powders. It 
has been found that counts decreased on storage but at an unpredictable 
rate.49«*, 498 Higginbottom suggested that counts should be made within 
two weeks of manufacture. For technique aspects see Ref. 499. Suggested 
standards are given in Table 36. 

In some countries (e.g. Sweden) the colony count is a property considered 
for quality payment. The ordinary thermoduric count, based on pasteur-
ization, is not necessarily satisfactory for milk powder because of the multiple 
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heat-treatment the product receives, and Wallgrensoo has described a test 
aligned to manufacturing conditions. 

Considerable variation can occur in the quality of milk and hygienic control 
in the manufacture of spray-dried milk. In general good plant practice with 
a low grade raw milk will give a better bacteriological product than poor 
plant practice and a high grade milk. An initial heat treatment of 90°C for 
30 sec will kill all organisms except spores. Organisms such as Streptococcus 
thermophilus and Staphylococcus aureus can grow rapidly in milk at 42-45°C 
so that holding milk in a "hot well" can lead to trouble. 

18. BUTTER 

A. General 

Butter is probably the oldest manufactured milk product as in its simplest 
form it involves only holding the milk in a warm place and beating or shaking 
the cream which has risen to the top. Pre-historic cave drawings and carvings 
illustrate primitive types of butter churns. There are broadly two main types 
of butter—flavoured butter made with ripened or soured cream (see Starters, 
p. 143), and sweet cream butter made without starter. The former is more 
attractive but the keeping quality is low because the acid conditions favour the 
oxidation of the fat which is catalysed by trace amounts of copper and iron. 

The salt content may vary from about 0*5 to 1-5 % or even higher in those 
countries where a salted butter is popular. Miners and others whose mode of 
life involves considerable loss of sweat commonly replace the lost salt by 
eating highly salted cheese (e.g. Caerphilly) and butter. 

Salt also has the advantage that it improves keeping quality in the micro-
biological sense. For example 2% salt in butter corresponds to about 12-5% 
in the serum as butter usually contains just under 16% moisture, and both 
salt and micro-organisms occur mainly in the serum droplets. 

B. Standards 

In 1966 new standards were introduced in the U.K.501 requiring a maximum 
of 16% water, 2% milk solids other than fat, and not less than 80% milk 
fat, or not less than 78 % under certain conditions for salted butter. 

The definition of butter is extended to allow neutralization of cream and 
addition of salt, lactic cultures, annatto, carotene and turmeric. 

C. Continuous Butter Making Machines 

These were developed during and after the last war. Three main types 
have been evolved: (i) the simple phase inversion (Alfa, New Way), (ii) the 
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beater/revolving paddle or accelerated churning type (Fritz, Senn, Simon), 
and (iii) separation of butter oil and rapid chilling type (Cherry-Burrell or 
Gold'n Flow). These methods give products of appreciably different struc-
tures and physical properties. The first has been found not generally accept-
able. The others have been improved and the number of installations is 
steadily increasing. The structures are close enough to conventionally 
made butter for all practical purposes, and hygienically the equipment 
has advantages. Care must be taken over moisture control as the process 
is continuous. 

The desirable spreadability properties of butter are due to the appropriate 
blend of solid and liquid fat phases. Churn butter has fat crystals of about 5 μ 
and Gold'n Flow butter crystals of about 30 μ diameter, thus conferring a 
greater degree of hardness on this product.502»503 General reviews have been 
given.504"7 

Treatment of a continuously made butter in an Alfa machine by a micro-fix 
homogenizer can make the butter more homogeneous.508 For the technology 
of the cooling process see Damerow.509 

D. Defects 

Butter is microbiologically a fairly stable food, mainly because it is a fine 
emulsion of water (serum) in a solid fat phase. Not only do dissolved salts 
repress bacterial growth but physical conditions in tiny droplets may also 
exert a bacteriostatic effect. Moreover, as in a good butter the droplets are 
isolated, micro-organisms cannot spread from one to another. The physical 
structure of butter is therefore of the greatest importance for keeping quality.510 

Chemically it is relatively less stable and for this reason butter must be held 
at about — 12°C during shipment over long distances. Common defects and 
their causes are summarized in Table 37. 

Quality control methods are given in Table 38. 

E. Control Methods 

1. Modern Methods of Fat Analysis {Fatty Acids) 
The classical methods518 of fat analysis have now been superseded by 

Chromatographie methods.519 Methods suitable for butter fat have been 
described.520,521 

If appreciable decomposition, e.g. lipolysis, of fat has taken place in butter, 
butter oil or any milk product, a low value for fat may be obtained. This is 
because glycerol and part of the lower fatty acids will stay in the aqueous 
phase and not be extracted by the ethers in the standard methods for fat 
determination. 
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2. The Detection of Foreign Fats in Milk Products 
In countries where milk and butter are in short supply the adulteration of 

dairy products with cheaper vegetable fats is often a serious problem. Many 
methods have been proposed for the purpose2 but the detection of less than 

TABLE 37. Butter 

Defects 

General 
Poor body and texture 

Discoloration 

Taint 

Excessive water content 
Oxidized flavour 

Chemical problems 
Microbiological problems 

Causes 

Wrong temperature in 
churning and cream 
treatment 
Contamination by 
moulds 
Contaminated wash 
water 
(Pseudomonas fragi) 
Faulty working 
Copper contamination 
of milk, cream or 
butter 

References 

110,266,511 
512, 513 

76 

514, 515 

516 
517 

TABLE 38. Butter: Quality control methods 

Flavour, texture and body 

Spreadability (body, etc.) 

Colour 

Moisture 

Fat 

Salt 

Microbiological 

Odour and taste 
(officially by grader) 
Visual examination 
(officially by grader) 
pH value 

Penetrometer and other 
rheological tests 

Tintometer disc 

Heating at 103°C 

Gerber or Röse-Gottlieb 

Silver nitrate titration 

Yeast and mould counts 
Presumptive coliforms 
Pseudomonas, etc. 
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10% foreign fat in milk fat is a difficult problem unless the fat has some 
outstanding characteristic. In addition to the classical methods based on the 
fatty acid frequency distribution of different fats, physical properties such 
as the refractive index,522 the presence of other lipids (sterols) and the pro-
portion of certain lipids such as tocopherol have been suggested. 

Milk fat may be detected in other fats by thin layer chromatography. A 
sensitivity of 1 % is claimed.523 

F. Manufacturing Conditions Controlling Quality 

The main factors controlling quality in butter making are the hygienic 
condition of the churn, the microbiological quality of the cream, the tempera-
ture and duration of churning, and efficiency of working and washing. 
Butter is very susceptible to attack by moulds and Pseudomonas and particular 
care must be taken to prevent contamination by these organisms at all 
stages. A crucial factor is the temperature of holding the cream.524 The pro-
portion and age of starter are also of importance.525 Admissible limits of 
consistency in packaged butter have been discussed526 and a general account 
of modern butter technology given.527 

1. Influence of Type of Churn 
The dairy industry has been very conservative in respect of butter churns 

in spite of hygienic problems. However, stainless steel churns without rollers 
and working purely by percussive effect are now almost universal in new 
installations, and early prejudice has been overcome. Temperature and other 
effects must be watched carefully. 

2. The Surface of Butter 
Many of the quality problems of butter are concerned with its surface, e.g. 

the problems of packaging, the growth of moulds, the effect of oxygen and 
light. The structure of the surface layer ("oily layer") may differ from that 
of the interior and so be a factor of importance.528 

G. The Flavour of Butter 
1. General 

From the flavour aspect, butters may be placed in three groups: (i) un-
ripened or sweet cream "unsalted", (ii) unripened cream "salted" and (iii) 
ripened cream (salt variable). Unripened cream butter (long keeping and 
therefore the type made for long distance export) has little aroma and the 
taste is dominated by the salt concentration in the serum, which also in-
fluences bacterial keeping quality. The classical story of butter flavour, 
especially for ripened or cultured cream butter, has been built around 
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diacetyl. However, it is now realized that other substances contribute to the 
characteristic flavour of butter (both sweetened and ripened cream) such as 
dimethyl sulphide529 in concentrations of 10 to 100 in 109. 

The production of low-boiling volatiles from foods is controlled by the 
nature and form of precursors, the presence of associated substances (sugars 
and oxidants) and conditions of processing.530 The flavour of butter, and of 
all foods in which diacetyl is a prominent flavour component, is affected by 
other compounds such as formic, acetic and propionic acids and acetaldehyde 
which influences the perceptibility threshold.531 

2. Chemically Induced Taints 
(a) Fishiness. A common defect is fishiness,110»149»532»533 usually due to 

oxidation products of the phospholipids.534»535 It appears that fishiness can 
also be produced by the antioxidant nordihydroguaiaretic acid and citric or 
lactic acid,536 and that fish oil and similar flavours can be due to carbonyl 
compounds.537 Washed cream held at low temperatures with copper and 
ascorbic acid can also develop fish oil and other objectionable flavours.538 

The "fishy flavour fraction" has been shown to contain n-hexanal, n-
heptanal, hex-2-enal, heptan-2-one and a "metallic" compound. Six character-
istic flavour fractions (paint, oily, mushroom, metallic, tallowy and cucumber) 
have been isolated by gas chromatography from fishy butter.539» 54° See also 
Absorbed flavours p. 71. 

(b) The effect of copper. It is well recognized that ripened (soured) cream 
butter deteriorates in cold store, producing oily and fishy flavours. The 
adverse effect of high acidity is enhanced by salt and traces of copper.541»542 

There is, however, a distinction between "natural" (presumably protein 
bound) and added or "contaminative" (presumably available) copper, the 
former varying from 0-02 to 0-1 ppm.541 It has been claimed that as low as 
0-025 ppm of the latter can accelerate production of off-flavours. All metals 
in milk are adsorbed by proteins. The keeping quality of ripened salted butter 
is satisfactory at pH values above 6 if the butter is virtually free from "con-
taminative copper", and of unsalted butter at pH values above 5-2 even 
when 0-05 ppm of contaminative copper is present. For a satisfactory keeping 
quality sweet cream salted butter should contain not more than 0Ό8 ppm 
and sweet cream unsalted butter not more than 0-12 ppm total copper.543 

Because of the importance of copper for oxidative faults in butter, it may 
be advisable to require a standard of less than 10 ppm copper in parchment 
used for packing. When this is below 5 ppm, there is no evidence of surface 
oxidation after storage at — 12°C for 6 months. The higher the copper 
content (up to 45 ppm) the worse the surface oxidation.544 

Methods have been given for estimating copper in butter545 and for copper 
in butter oil.546"8 
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(c) The effect of iron. It is now generally agreed that the normal amounts 
of iron found in butter (0-4-1-0 ppm) do not accelerate oxidation.549 However, 
iron to the extent of over 0-5 ppm may lead to a metallic flavour in all types 
of butter.543» 549,550 The flavour is found only in the serum and is probably 
simply an intrinsic iron salt flavour.551 

H. Tests for the Deterioration of Milk Fat in Butter, etc. 

1. General 
The most sensitive tests for deterioration of fat in butter and other fatty 

foods are odour and taste, but Chromatographie methods are now about as 
sensitive provided the worker has sufficient experience to interpret the results. 

The routine analytical tests today are those for free fatty acids, for peroxide 
value520 and for fat aldehyde value.552»553 

Rancidity in fats has been comprehensively discussed554 and the chem-
istry of milk fat has been reviewed.18*555 

2. Tests for Oxidative Stability 
The Swift or active oxygen test is the classical method for estimating the 

resistance of butter fat and other fats to oxidation. The end-point is an 
arbitrary peroxide level, and a standard of 16 hr has been suggested for butter 
and other fats for biscuit manufacture.556 Butter may give values ranging 
from 12 to 25 hours. 

Addition of 0-01 % dodecyl gállate or nordihydroguaiaretic acid to butter 
fat may markedly increase Swift times (at 37°C) without increasing keeping 
quality at room temperature appreciably.557 

3. Peroxides in Milk Fat 
For routine control the ferric thiocyanate method558 combined with the 

use of an non-ionic detergent to break the emulsion55^ is quite satisfactory. 

J. Microbiological Control 

The total count of butter has very little relation to its keeping quality, for 
two reasons. Only a few types of micro-organisms are capable of damaging 
butter, and the peculiar structure of butter (an emulsion of serum in fat) pre-
vents growth and the spread of micro-organisms from one focus to another. 

Bacterial growth in butter is controlled by temperature, pH value and salt 
content of the serum, structure of the butter, and the numbers and types 
present initially. Although there is no correlation between bacterial numbers 
and initial flavour score of ripened cream butter, with sweet cream butter 
there is a correlation between the pH value (controlled by the pre-pasteur-
ization flora) and flavour.560 
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Pseudomonas etc. grow slowly in the range 5-10°C and off-flavours develop 

rapidly in butter held above 18°C. Two of the most useful tests are the psychro-
philic count at 5°C and the lipolytic count at 22°C. The genus of greatest 
interest is Pseudomonas, and some laboratories test especially for Ps. fragi 
which produces a characteristic odour in butter.51»52» 110>561~3 Suggested 
standards for cream for butter making and for butter are given in Table 39. 
For discussion of starters see under Cheese p. 143. 

TABLE 39. Standards for cream to be used for butter making (counts/g) 

Yeasts 
Moulds 
Coliforms 
Cream 
pasteurized total 
Cream 
steam-treated total 

Total count 
Yeasts 
Moulds 
Coliforms 
Proteolytic organisms 
Lipolytic organisms 
Pseudomonas fragi 
Psychrophils (14 days at 5°C) 

Satisfactory Doubtful Unsatisfactory 

For cream to be used for butter making 
<1 
<1 
<1 

<1000 

<100 

1-10 
1-10 
1-10 

1000-10,000 

100-1000 

>10 
>10 
>10 

> 10,000 

>1000 

For butter (unripened cream) 
< 10,000 

<100 
<100 
<10 

<1000 
<1000 

<10 
<1000 

10,000-100,000 
100-1000 
100-1000 
10-100 

1000-10,000 
1000-10,000 

10-100 
1000-10,000 

> 100,000 
>1000 
>1000 
>100 

> 10,000 
> 10,000 

>100 
> 10,000 

Although stainless steel churns are now common, many experienced butter 
makers still prefer the traditional wooden churn and consider that it gives a 
better butter than the stainless steel churns which depend only on concussion 
in working. 

Wood is a very difficult material to clean and sterilize,564 and particular 
care must be taken with wooden churns. Swab tests for yeasts, moulds and 
Pseudomonas should be made. 

1. Hardness 
The hardness of butter is a complex property controlled mainly by tempera-

ture, length of time held at that temperature, structure (and so method of 
manufacture) and chemical nature of the fat.565"? There are phase changes at 
certain temperatures which affect structure and so hardness.568 



126 J. G. DAVIS 

2. Spreadability 
The spreadability of butter is a complex property concerned most with 

firmness (or viscosity) and its changes with pressure and temperature, and also 
brittleness. The type of fat, method of cooling the cream and working of the 
butter may all affect it.5<59 Dixon has described a new instrument for measuring 
this property.570 

K. "Stickiness" 
This property involves both adhesion and cohesion and has been termed 

"hesion".571 It appears that fat crystals structure is mainly responsible for 
the adhesive and the gas content for the cohesive properties.572 

L. Butter Powder 
This product is useful for all purposes where butter is required for blending 

with dry ingredients, and is particularly useful in bakery goods. A typical 
product of 80 % fat can be prepared by spray-drying the following mixture :573 

Parts 
Cream (62% fat) 132 
Acid casein 6 
Sodium citrate 1 
Skim milk 20 
2% NaOH solution 7 
Glyceryl monostearate (36 %) 3-5 
Sodium aluminium silicate 0-5 

M. Butter Oil (Anhydrous Butter Fat) 
All nearly pure fats are microbiologically stable, even if fat-splitting 

organisms are present, because of the low moisture and concentrations of 
nutrients. Butter oil and skim milk powder are two of the most stable non-
sterile dairy products and are therefore effective and cheap for storage of 
milk nutrients. The keeping quality of butter oil is mainly controlled by 
chemical oxidation, the major factors being temperature and copper (the 
most important in practice) iron, condition and chemical nature of the fat, 
and access of free oxygen. Oxidative rancidity or tallowiness is the most 
serious and common fault in butter oil. 

Generally accepted chemical standards are: 
Moisture 0-1% 
Fat 99-8% 
Copper 0-1 ppm 
Iron 0-5 ppm 
Free fatty acids 0-8% 
Peroxide value 10 ml N/500 thiosulphate per g 
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Butter oil or dry butter fat of good quality will keep for about 2 years at 

3-5°C and so milk fat is most effectively stored in this form. The product is 
popular in the catering industries and also in those using cream and butter 
for which it may serve as a convenient substitute. 

If stored at room temperature butter oil may become bleached5™ and if 
at —10 to — 15°C may develop a green colour, possibly due to oxidation of 
carotene.575»576 

N. Disposal of Skim Milk 

When skim milk is to be sent away for animal feeding or any form of manu-
facture other than human food, formalin (40 % formaldehyde) may be added 
to prevent bacterial growth. Normally, 1 part in 5000 is sufficient but this 
may be increased if necessary up to 1 part in 1000. Greater quantities cause 
scouring in pigs. If the skim milk can be used within a few hours a flash heat-
treatment by steam injection, giving a dilution of about 5 %, may be used.577 

19. CHEESE 

A. General 

All common types of cheese are made by the rennet clotting of souring 
milk, subsequent division of the coagulum, and separation of moisture 
(whey) to varying extents by cutting, heating, further souring and other 
operations. The curd fragments (or cheese) are finally salted and moulded, 
often with pressing. Ripening or curing may take from a few days to several 
months or even years. Cheese varieties vary so much in their qualities that it 
is not feasible to discuss these in general terms. Particular flavours, gas holes, 
mould growth, close texture, etc. may be desirable features in one variety 
and yet constitute faults in another. 

The manufacturing details, descriptions and properties of cheese varieties 
are given in the literature.68» 578-90 The main factors controlling the quality 
of a cheese are skill in making (i.e. carrying out the right operations at the 
correct temperatures, acidities and conditions of the curd), suitable equip-
ment in a hygienic condition, a good quality milk (chemically normal (p. 64) 
and reasonably free from harmful organisms (Table 30)), a vigorous and pure 
starter, good quality materials (rennet, salt and (if used) annatto) and correct 
ripening conditions (temperature and, unless film packed, humidity). 

In practice, the prime factors are the starter and the absence of inhibitory 
conditions in the milk. If these are satisfactory, obnoxious organisms are 
usually repressed by biological "crowding out" but if acid production is 
weak or slow staphylococci can grow and lead to food poisoning, and 
anaerobes, coliforms, yeasts and other fault producing organisms can grow 
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to produce later characteristic faults. Birkkjaer5^! has tabulated the produc-
tion factors which influence acidity and firmness (moisture content) in the 
final cheese. 

B. Defects 

A general survey of common defects and their causes is given in Table 40. 
General aspects are summarized in Table 4L 

TABLE 40 

Defects 

General 
Slow starter 

Coagulability of milk 
Excessive moisture 
and weak body 
Taints 

Flavour problems 

Slit openness 
Early gas formation 
Later gas formation 

Soft cheese 

Causes 

Phage contamination 
Weak starter 
Abnormal milk 
Presence of antibiotics 
Presence of inhibitory 
organisms or substances 
Normality of milk 
Slow starter 
Faulty manufacture 
Contamination by coli, 
yeasts, etc. 
Inadequate heat treat-
ment of milk 
Ripening at too high a 
temperature 
Excessive heat treat-
ment of milk 
Various 
Growth of coli 
Growth of Clostridiwn, 
propionic acid bacteria 
yeasts 

Special aspects 

References 

592 
593-597 

598 
599, 600 

601 

602 

603 

604, 605 

TABLE 41 

General aspects References 

Mechanization 
Grading 
Packaging, methods 
and materials 
Continuous methods 

606-608 
44, 76, 609 

610 
611 
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C. Quality of Milk Required for Cheese-making 

L General 
Good quality milk is essential for good quality cheese. The milk should be 

normal chemically (from properly fed cows and with only a small proportion 
of mastitis milk), almost free from antibiotics (less than 0Ό1 LU. penicillin 
per ml), of not too high total bacterial count (e.g. less than 1 million), and 
containing only very few fault-producing organisms (coli-aerogenes bacteria, 
Clostridium, yeasts, etc.). Although a mild heat-treatment will kill most 
fault-producing organisms, any unpleasant taint substances remain in the 
milk and may be noticeable in the ripened cheese. 

The best chemical method for treating bad milk is undoubtedly hydrogen 
peroxide at a concentration of about 0-15 %, followed by addition of catalase 
to destroy the residual peroxide.612 The effect on nutritive value is very 
slight.61* 

2. Control of Heat-treatment of Cheese Milk 
The recent outbreaks of food poisoning caused by growth of toxigenic 

staphylococci in cheese milk have naturally resulted in considerable atten-
tion being paid to this aspect, and particularly to the pasteurization of 
the milk. Formerly, it was common practice to "flash" or heat the milk 
momentarily to 70°C or at 65-68°C for 15 sec to secure flavour. This treat-
ment did not kill all staphylococci. "Slow-starter" permits their growth and 
toxin formation, which are further favoured by the high pH values and 
moisture contents of such faulty cheese.124 

It is now universal practice to pasteurize milk for cheese-making. Ripening 
is somewhat slower, but bacterial faults are nearly all avoided and a clearer 
flavour is obtained. Farmhouse cheese are usually made from raw milk. 

The phosphatase test has been widely applied to cheese for control pur-
poses.614-616 McGugan and Howsam61? have shown that variations in phos-
phatase content (as ratios) of up to 3-6 could occur in factories at any one 
time and of up to 13 at different times of the year for raw milk cheese. They 
suggest that the phosphatase test is only suitable for checking heat treat-
ments more drastic than 65°C for 16 sec.618 Although legal pasteurization 
(71 °C for 15 sec) of milk is now compulsory for cheese milk in some coun-
tries, it appears that milder heat-treatment is adequate to remove the danger 
from staphylococci (p. 130). 

3. Staphylococcal Food Poisoning from Cheese 
As all bulk raw milk contains appreciable numbers of toxigenic staphylo-

cocci (frequently penicillin-resistant) any stage in processing which favours 
6 
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their growth will lead to toxin production. Any delay in acid production by 
the starter organisms with the milk at 25-30°C provides ideal conditions for 
this purpose, and growth is also furthered by the slower moisture expulsion 
and higher pH values of such curd.619-24 Under-pasteurized milk and low-
temperature spray dried powder are potentially dangerous. Different varieties 
differ in their susceptibility to staphylococcal growth. Cheddar, Colby, 
Limburg, Swiss type and Cottage (short and long set methods) cheese all 
permit extensive growth although the cooking of Cottage curd at 54°C 
for 40 min at pH 4-6 reduces the number of staphylococci to almost nil. 
Swiss type cheese are most susceptible and storage at 7°C generally leads to 
higher staphylococcal counts than storage at 10-13°C.625 

Fortunately, a mild heat-treatment is sufficient to kill staphylococci in 
milk, e.g. 66°C for 15 sec.«i, 626, 62? A treatment of 68°C for 15 sec has been 
recommended.628 

Sharpe et al.629 found that only 9 % of 910 cheese samples in England and 
Wales contained more than 500,000 staphylococci per g and these cheese 
were all made from raw milk. 

Heat-treatment of milk at 68°C for 16 sec is sufficient to kill Str. pyogenes, 
Salm. typhimurium, Br. abortus and Staph. aureus but will not kill Str. 
faecalis. 

All these bacteria except Str. pyogenes can survive for varying times in most 
varieties of cheese.630 

4. Use of Milk Powder 
There is now increasing interest in the use of milk powder for cheese 

making, particularly for Cottage and to some extent Cheddar cheese. This 
permits the utilization of a plentifully available product (especially skim 
powder) throughout the year, economizes on bulk handling and whey 
utilization. The qualities desired, and the control methods used, are as for 
ordinary milk powder (p. 114). When used as above (i.e. purely reconstituted 
milk), certain faults may be encountered, e.g. delayed rennet clotting, slow 
drainage, curdiness and short texture or crumbliness in the ripened cheese, 
etc. Clearly a tendency to such defects is much more important for Cheddar 
than for Cottage cheese, and explains why skim milk powder is so popular 
for the latter. The best results are usually obtained by using only small pro-
portions of reconstituted milk in the cheese vat with a maximum of 50%. In 
this way, the unprocessed milk supresses any tendency for the characteristics 
of the powder to emerge. The disadvantages of using milk powder are the 
possibilities of (i) a powder flavour in the cheese, (ii) weakness in whey and 
"springiness"; too short a texture, (iii) addition of fault-producing organisms 
or those inimical to health, e.g. staphylococci, (iv) irregularities in the rennet 
reaction and behaviour of the coagulum. 
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5. Use of Concentrated Milk 
This is mainly of academic interest. Sweetened condensed milk is long 

keeping but obviously unsuitable for cheese making, and evaporated 
(sterilized) milk will not clot with rennet. Low temperature concentrated 
milk can be used successfully but keeps only as long as ordinary pasteurized 
milk. Its main advantage is to reduce bulk in handling. Experiments with 
concentrated milk were made during the war, but there has been little interest 
in the idea since. Some countries forbid the use of dried or concentrated milk 
for cheese making. Recently methods for using concentrated milk for cheese 
have been developed, e.g. the Hutin process. 

6. Ripened versus Unripened Milk 
One of the most popular recent developments in cheese making has been 

the elimination of the ripening or souring stage during which the milk 
develops about 0-02% lactic acid (for Cheddar) and falls about 0-2 pH units. 
This has the double advantage of saving time (about 1 hr) and helping to 
avoid bacteriophage attack.631 However, the orthodox method combined 
with a large bulk of milk (6000 gal) and a good single strain starter is 
considered to give more control of variable factors and so be conducive to the 
highest quality.596 

7. The Effect of Antibiotics in Bulk Milks on Cheese and Cultured Milks 
(a) General. In addition to the tests described in Tables 7 and 8, there 

are others which are necessary if the milk is to be used for products involving 
the growth of a lactic starter. Milk is normally heat-treated or pasteurized 
for cheese-making, and heated at 90°C for 30 min (or similarly) for the 
preparation of cheese starter, yoghourt and other cultured milks. These 
treatments will kill practically all harmful organisms but will not remove 
substances which interfere with the growth of the lactic organisms. The most 
important of these are the antibiotics, used to combat mastitis. Peni-
cillin affects starter growth at 0Ό1-0Ό5 I.U./ml and higher concentrations 
(0-1 or more) may inhibit growth completely. 

The presence of appreciable amounts of antibiotics in milk has been a 
matter of concern to heath authorities and manufacturers of cheese, cultured 
milks and ripened cream butter all over the world for some years. In the 
early days of antibiotic therapy for mastitis (c. 1950) cheese-making was 
literally brought to a standstill in some areas. Today manufacturers of cheese 
have to check all milk used for starters, yoghourt and other cultured milks, 
and in some countries the antibiotic position is so bad that each batch of 
milk used for cheese starters and cultured milks has to be tested immediately 
before it is used. 
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Milk from a cow should be withheld for at least 2 days and preferably 
3 days after the last administration of antibiotics for mastitis, but there is 
abundant evidence that this is not done, and for this reason antibiotics in 
milk are a menace to cheese-makers. 

The health hazard is not generally realized by the public because only few 
people are sensitive, and even when they react to penicillin or other anti-
biotics in milk, they mostly do not appreciate the cause. Sensitization is 
usually caused by therapeutic doses, and allergic reactions, characterized 
by skin rashes and other unpleasant symptoms, may occur in people already 
sensitive to penicillin. Possibly the greatest danger in the long run may be the 
steady increase in the numbers of penicillin-resistant staphylococci, which 
are already a serious menace to human beings and dairy cows. 

The commonly used antibiotics (penicillin, streptomycin, chlortetra-
cycline, oxytetracycline) and also chloramphenicol, neomycin, novobiocin, 
spiramycin and oleanodomycin are active against Gram-positive bacteria 
including the common starter organisms Str. lactis and Str. cremoris. 
Ideally, farmers should not send their milk in until 72 hr after the last injection, 
but probably about 75 % fail to observe this requirement (cf. Grove632). In 
the U.S.A. about 6% of milks were found to contain from 0-003 to 0-55 
units penicillin per ml, averaging 0-032 units. 

The publication of "Antibiotics in Milk in Great Britain"155 as a Report 
of the Milk Hygiene Sub-Committee of the Milk and Milk Products Techni-
cal Advisory Committee presents an authoritative statement of the position 
in England, Wales and Scotland in 1961. The technique used could detect 
penicillin down to 0-01 I.U./ml, the level at which the antibiotic begins to 
exert a deleterious effect, although the more dramatic effects are evident only 
at levels of 0-05 I.U./ml and higher. In England and Wales 11 % of the samples, 
representing 14% of the milk volume tested, contained antibiotics. About 
1 % of all samples contained an antibiotic or inhibitory substance other than 
penicillin. Schemes for the control of antibiotics have been described for 
England and Wales,633 for Scotland,634 and for N. Ireland.635 

The problem of antibiotics in the milk supply is, together with bacterio-
phage (p. 144), the most important today for the cheese maker. The degree 
of inhibition depends on the concentration of penicillin and the starter used. 
The critical concentrations for cheese starter are 0-05-0-1 LU./ml.636-63» 
Data for the incidence of penicillin in milk have been given,636» 639-64i 

(b) Detection of antibiotics in milk. All methods depend on the inhibition 
of growth of a sensitive Gram-positive organism, e.g. B. subtilis in an agar 
medium or Str. thermophilus in milk. Berridge636 has described a method 
using an actively growing culture of Str. thermophilus which detects 0-01 LU./ 
ml in 2-5 hr and 0-05 I.U./ml in 0-5 hr. Frank64* has described a 100 min test 
for both milk and milk powder utilizing yoghourt and méthylène blue. 
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Other reliable methods are known for the estimation of antibiotics in milk, 
but these usually take 2 or 3 hr. A rapid test based on the observation that 
clumped bacteria reduce triphenyl tetrazolium chloride (TTC) faster than the 
bacteria suspended in a liquid has been described by Kennedy and Harper.64* 
Concentrations of oxytetracycline as low as 0-1 /¿g/ml can be detected in 20-
30 min. Quantitative test methods have been described644 (using Staph. 
aureus), and a rapid paper disc method has been evolved.645 

The standard tests used in the U.K. for detecting antibiotics in milk are 
(i) the T.T.C. test using Str. thermophilus. The culture is incubated for l¿-2 hr 
and the dye then added. The reading is taken 30 min later. In raw milk 
0-04 LU. penicillin, 0-2 /¿g aureomycin, 4 /xg streptomycin and 0-25 /xg terra-
mycin can be detected;646»647 (ii) the Kosikowski plate reverse phase meth-
od.648» 649 This technique is designed to operate at about 0-05 I.U. penicillin. 

In routine producer milk testing a resazurin or méthylène blue test which 
indicates an excessively good keeping quality should be regarded with sus-
picion and a follow-up test for antibiotic made. 

Penicillin may be easily identified by making a parallel test after the milk 
has been treated with penicillinase, an enzyme that destroys penicillin, but 
not other antibiotics. In practice penicillin is so commonly used, either alone 
or with streptomycin, that this refinement is not necessary in routine testing 
for the presence of antibiotics. For a review of methods see Feagan.650 

(c) Methods of control for the cheese maker. Various methods] have been 
adopted to deal with the problem of antibiotics in milk. Some depots issue 
special labels for farmers to attach to the cans containing such milk, but this 
device is not altogether satisfactory. 

A promising method of preventing antibiotic-containing milk from being 
sent is the use of markers or dyes which are incorporated in the antibiotic 
ointment. There are many problems with this method. The dye must be 
detectable in minute concentrations, must be excreted at roughly the same 
rate as the antibiotic, and it must be harmless for the animal. Doses of 100 
to 250 mg Green S and the fluorescent dyes oil-fluorescein and uranine have 
been tried.651 Green S appears to be satisfactory on all three counts. 

The compulsory incorporation of a dye in antibiotic preparations has 
proved an efficacious method in some countries, but it is not generally accepted 
by the authorities in the U.K. One disadvantage is that the dye may subse-
quently colour cheese or milk powder. In Australia antibiotics were formerly 
present in 15% of farm and 80% of bulk supplies. Since the introduction of 
dye-marked penicillin preparations, the incidence has fallen to 0-4% and 
2-5% respectively.652 

Under the Quality Control Schemes now operating in the U.K., farmers 
sending in milk containing antibiotics will be severely penalized e.g. they 
may be penalized by sixpence or one shilling per gallon. 
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(d) Methods for dealing with milk containing antibiotics. A simple practical 
method is to add penicillinase (Penase) to such milk but this is expensive and 
is efficacious only for penicillin. 

Another method is to add a culture of a penicillinase-producing micro-
coccus to the lactic culture, and this procedure can neutralize the effect of 
0-3 I.U./ml penicillin in milk.653, 654 

D. Methods for Improving the keeping Quality of Cheese 

7. General 
Each variety has its own rate of ripening, commercial life and character-

istic type of deterioration. In general, the higher the moisture content and pH 
value the shorter the life and the greater the probability of defects arising. 
The most reliable and legally permissible methods for extending life and 
minimizing faults for all varieties are a low count milk, proper pasteurization, 
hygienic methods in making, a vigorous starter, effective finishing (e.g. 
waxing and film wrapping) and ripening at a low temperature and controlled 
humidity. The ripening temperature should be constant except for those 
cheese such as Camembert which require stages of ripening at differing 
temperatures and, sometimes, humidities. 

2. Washed Curd Types 
Cottage cheese and several other varieties such as the Italian Caciocavallo 

and Provolone (pasta filata) involve the washing of the curd with cold or hot 
water, which leaches out some of the lactic acid and minerals, of which 
calcium is particularly important, and generally reduces the acidity of the 
cheese. Not only may impure water contaminate the curd, but such curds, 
being less acid, are more susceptible to the proteolipolytic organisms com-
monly found in water (Pseudomonas, Achromobacter, Proteus, etc.). The 
bacterial purity of the water is therefore of the first importance for these types 
of cheese.104 Washed curd types, such as Cottage cheese, are especially 
vulnerable to bacterial defects and keeping quality may be enhanced by 
high temperature treatment of the milk and curd, rapid cooling of the curd, 
use of chlortetracycline in the wash-water and use of sorbic, lactic and phos-
phoric acids in the cream dressing. Addition of nisin, citric acid and aroma 
cultures to the dressing do not improve keeping quality.655 

3. Blue-veined Cheese 
The commonest faults in blue cheese are failure of the desired mould to 

grow throughout the cheese and growth of foreign moulds on and in the 
cheese. In Stilton such a mould causes a well known yellowish brown dis-
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coloration. This fault can usually be cured by a thorough clean-up of the 
factory and store or ripening room, and inoculation with Pénicillium roque-
forti, the desired mould in all blue-veined cheese. Anti-mould treatment of 
walls, shelves, etc. is also useful. A high relative humidity is essential for the 
successful ripening of blue cheese. 

4. Tallowy Discoloration in Hard Cheese 
This fault appears to be associated with a haematin-catalysed oxidation 

of fat, and so with the presence of blood in the cheese milk.656 Sunlight 
incident on curd can also catalyse fat oxidation. 

E. Microbiological Control of Cheese 
1. General 

Total counts and counts of lactic organisms have little if any significance 
for cheese, and consequently for cheese milk. Varieties of cheese differ so 
much in microflora, pH, moisture content, etc. that each variety, or at least 
each type (hard, semi-hard, soft, blue-veined, processed, etc.) would have to 
be considered on its own. 

The only aspect that merits consideration is that of fault-producing micro-
organisms, such as coliforms, yeasts, moulds and Clostridium. Insufficient 
is known of the relation between numbers in cheese milk and in cheese, and 
the development of faults, to permit any suggestions for standards. Usually 
pasteurization gives a satisfactory milk for all high acid cheese, but spores 
of Clostridium aie dangerous for the less acid types (see effect of silage, p. 
141). 

An organism that is assuming importance in cheese is the toxin-producing 
type of Staphylococcus (p. 171). Almost any type of cheese can contain 
sufficient numbers of this organism to cause food-poisoning under certain 
conditions of manufacture (raw or lightly pasteurized milk and weak starter). 
As the toxigenic staphylococci steadily die out in cheese, it is not possible to 
suggest a firm standard without relation to the age of the cheese, but a count 
of over 1000 in any cheese at any age, should be viewed with suspicion.657 

Toxin production cannot be assessed directly and it is customary to accept 
numbers of coagulase-positive staphylococci as the criterion for this purpose. 

2. Gas Production (or Blowing) in Curd and Cheese 
Holes in cheese may be due to four types of organism—coliforms, yeasts, 

propionic acid bacteria and anaerobic spore-formers (Clostridium). 
Coli-aerogenes bacteria form tiny holes and so a spongy curd. There may 

be a taint. This type is always detectable in the vat (floating curd), and the 
coli usually dies out in the cheese in 10-14 days. 
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If the gassiness occurs a few days after the cheese has been made, it is 
probably due to the growth of yeasts. The holes may be larger and there may 
be a fruity odour. Yeasts may also cause colour faults. Late developing gas 
holes are probably due to propionic acid bacteria (as in Swiss-type cheese) 
or anaerobes such as Cl. butyricum. The former may produce small to large 
round holes with a silky lining and a characteristic sweet odour. The latter 
may produce large, irregular-shaped holes with an unpleasant taint. These 
types are more likely in varieties of high pH value (sweet cheese). Blowing by 
Clostridium is not uncommon in Swiss-type and processed cheese, and nisin 
is often used to prevent it (p. 142). 

F. Flavour in Cheese 

1. General 
The nature of the flavour of cheese, the reason for variety differences, and 

the control and measurement of cheese flavour have for long been some of 
the most scientifically interesting and commercially important problems in 
the dairy industry. 

Flavour is a complex of odour and taste. In cheese, the latter is due to fat 
and protein break-down products, in addition to the lactic acid and salt 
always present. Free fatty acids, especially the lower ones, and amino acids 
are probably largely responsible for the characteristic tastes of different 
varieties of cheese. 

During the last few years, attention has been focused on the amino acids 
formed or liberated during the ripening process and considerable advance 
has been made in their estimation.658 

The odour of cheese, as distinct from taste, was formerly considered to be 
largely due to volatile fatty acids, and methods for their estimation have been 
described.659-64 

2. Chemical Nature of Cheese Flavour 
(a) General. There has been hitherto a wide gulf between the practical 

cheesemaker, grader and factor on the one hand and the scientific worker 
on the other, as far as the assessment of flavour is concerned. The grader 
uses such terms as over-acid, sweet, mature, tainted, etc. whereas the scientist 
endeavours to measure such qualities in terms of pH value, lactic acid content, 
protein degradation, free fatty acids, esters, ketones, aldehydes and other 
substances known or suspected to be responsible for these qualities. 

With modern analytical techniques, it is becoming possible to detect and 
measure these substances at levels of 1 ppm or less and so flavour (aroma and 
taste) can now be broken down into the constituents of sensory assessment and 
an attempt made to correlate these with specific chemical compounds. 
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Modern Chromatographie techniques have added considerably to our 

knowledge of the nature of cheese flavour. While the importance of free 
fatty acids has been confirmed, it is now recognized that quite different sub-
stances have a key role in cheese flavour. 

(b) Hard cheese. Data for free fatty acids in Cheddar cheese have been 
published.665-667 Whereas the major volatile fatty acids in Cheddar are acetic, 
butyric and caproic, in Swiss cheese there is predominance of propionic and 
small amounts of acetic and butyric, together with very small amounts of 
branched chain lower fatty acids.668 Clostridia, producing butyric acid from 
lactic acid, may induce rancidity in Cheddar cheese.669 it appears that the 
balance between free fatty acids and sulphydryl compounds is one of the most 
important aspects of flavour in hard cheese.67o Analytical techniques have 
been developed.67i, 672 See also Milk taints, p. 68. 

(c) Blue-veined cheese. Fatty acids, especially the lower (C2, C4) and inter-
mediate (Ce, Ce, C10) members, undoubtedly play an important role in the 
flavour of blue-veined cheese. In cheese made from sheep milk (e.g. Roque-
fort), butyric acid is relatively low and the CO to Qo acids are relatively high. 
Differences in fatty acid make-up can be correlated with flavour.673 About 
80 % of the fatty acids in cheese exist as salts, i.e. combined with sodium, 
calcium, etc. Sampling of cheese for assessment of chemical degradation is 
always difficult, and especially so for blue-veined cheese. A complete wedge 
from outside to the centre should always be used (cf. p. 31). 

(d) Flavour substances other than fatty acids. More recently, attention has 
turned to carbonyl compounds and volatile sulphur compounds.674-9 
Walker 680 has claimed to be able to produce the flavour of a 3 month old 
Cheddar cheese by adding a mixture of methyl ketones, fatty acids and a 
source of H2S to curd, and Kristoffersen68i has more definitely linked flavours 
with-SH groups. Incubation of the milk (5 hr at 37°C) enhanced and heating 
the milk (62-68°C) delayed the appearance of active -SH groups and Cheddar 
flavour.682 Cheddar cheese flavour and -SH groups are not correlated with 
bacterial counts. Lawrence683 has evolved a micro-method for determining 
H2S in cheese, but its role in flavour is not clear. See surveys of the 
SUbject.684,685 

The natural objective of flavour control work in cheese, both for the 
scientist and the grader, would be to obtain a typical analysis or "profile" 
of flavour constituents, both qualitatively and quantitatively, for each variety 
of cheese. Kroger and Patton,686 working with 15 varieties, obtained 30 
peaks corresponding to alcohols, ketones, aldehydes, esters, sulphides and 
other volatile compounds. Each variety had its own profile but ethanol and 
acetone were found in all, and acetaldehyde, butanone, pentan-2-one, iso-
propanol and dimethyl sulphide (cf. p. 71) occurred frequently. The con-
centrations change on ripening. Thus in Cheddar ethanol declines and 
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butanone increases; at later stages n-propanol and butan-2-ol are prominent. 
Kroger and Patton suggest that the ethanol content could be used instru-
mentally as a criterion of maturity. 

3, Micro-organisms and Cheese Flavour 
The role of the starter and the microflora of the milk in flavour develop-

ment has always been highly controversial.684 Originally starter was con-
sidered to affect flavour but later experimental work discredited this theory. 
Franklin and Sharpe687 found that the more severe the heat treatment the 
fewer were the bacteria and the lower the flavour score, and the greater the 
number of species present at the time of examination the higher was the score. 
The flavour score was also influenced by the starter used and the pH value, 
but not by the fat, salt and moisture contents of the cheese. 

4. Routine Assessment of Cheese Flavour 
Although the grader tests the cheese at 14 or 28 days or at such other time 

as may be appropriate for any variety of cheese, the grading so given is un-
satisfactory for certain purposes. It is purely a subjective assessment devoid 
of quantitative measurements, the grader may use terms incomprehensible 
to the scientist or the consumer, he cannot forecast accurately the quality of 
the cheese when fully ripe, and the practical grading and laboratory test 
results may be quite unrelatable. 

With the increasing interest in quality and flavour in cheese, and the 
increasing influence of the laboratory in the food industry, an objective 
method for the assessment of flavour or at least of the degree of ripening, is 
obviously required. No laboratory tests can adequately assess flavour in the 
subjective sense, because no two persons always agree entirely on the flavour 
quality of a food. However, flavour and degree of ripeness in a cheese broadly 
go together, and by making laboratory tests for those constituents which 
change in concentration during ripening and affect flavour, it should be 
possible to make some progress in flavour assessment. 

(a) Body and texture. These two properties are related and often confused, 
but are distinct. Body is the "firmness of feel", i.e. it can be measured without 
seeing the cheese, whereas texture is the appearance of the cheese, excluding 
colour. 

Weak body, the commonest body defect of cheese, is usually due to reten-
tion of moisture due to faulty manufacture or slow starter (p. 143). In farm-
house cheese it may be due to mastitis milk, as any abnormal milk tends to 
give a weak-bodied cheese. 

In hard cheese texture is mainly concerned with openness which may be 
classified as mechanical, slit or (rarely) as "sweet eye". This type of fault 
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may be due to irregularities in acid development or faulty manufacture. The 
most useful practical device for minimizing this type of fault is vacuum 
pressing.688 

G. Air Conditioning: Control of Temperature and Humidity 

Apart from the necessity of refrigeration for liquid milk and butter, the 
only dairy product for which air conditioning is essential is cheese. Much 
poor quality cheese was formerly put on the market because cheese stores 
(ripening rooms) were not air conditioned, and in hot weather temperatures 
would rise to above 15°C and in farmhouse stores even above 20°C. These 
high temperatures would inevitably lead to such faults as off-flavours, 
cracks (consequent upon distortion), running of whey, mould growth, and 
excessive weight loss. 

High relative humidities (above 90 %) lead to mould growth, and low values 
(below 80%) to excessive weight loss, shrinkage and cracking, and delayed 
ripening for hard cheese, such as Cheddar. 

Proper control of both temperature and humidity is essential for the 
production of good quality cheese, and virtually all cheese factories are so 
equipped today. The optimum values vary according to the type of cheese. 
If rindless curing (film packaging) is adopted, control of humidity becomes 
unnecessary. (See also p. 158.) 

H. Grading 

Grading is always carried out in marketing cheese. Standards of quality 
are prescribed in relation to grade designations, and the produce before it 
passes out of the hands of the manufacturers or their agents is examined by 
the independent professional graders and is also often subject to check 
sampling. The standards of quality may be related solely to composition or 
may also take into account attributes such as taste, texture, colour, maturity, 
etc. Nearly all cheese-exporting countries have set up grades as an essential 
basis for export trading. In exporting countries quality control is generally 
compulsory as a condition for export. 

The features of quality which are assessed by the graders are flavour and 
aroma, body and texture, colour, appearance and finish. Unlike standards 
of composition, which can be defined in exact terms such as percentage 
of fat in dry matter and percentage of moisture content in the cheese, 
quality can be evaluated only by the senses. However, it is usual for the 
grader to use scales of points and the numbers of points required for a 
cheese to qualify for the specified grades are set out in the regulations of the 
various schemes. 
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The following is an example: An aggregate of at least 93 points is required 
for the highest grade with not less than 41 for flavour, using the following 
scale of maxima : 

Points 
Flavour and aroma 45 
Body and texture 40 
Finish 10 
Colour 5 

Every cheese must be marked in such a way as to identify the maker, the date 
of making, and usually the vat number, as it can be assumed that all the 
cheese from any one vat will be uniform in quality. The grader thus needs 
to examine only one cheese from each vat and whatever grade he assigns to 
that cheese applies to all others from the same vat. Having determined the 
grade on the basis of the points allotted for the features of quality, the cheese 
is then stamped with the appropriate grade stamp. 

The appearance and finish are evident on sight, but the other features of 
quality necessitate the drawing of a sample from the cheese. This is done 
with least damage to the cheese by the use of a cheese borer, or trier, or iron, 
a steel blade 4 in long and of semicircular section about 0-5 in in diameter 
which, when forced into the cheese and withdrawn with a twisting motion, 
brings out a cylindrical plug, to be replaced after examination. It is usual to 
gauge the flavour by the aroma and either the plug of cheese may be held, 
while still on the iron, near the nostrils and smelled, or a small piece of 
cheese may be broken off, rubbed between the thumb and forefinger and 
smelled. If many cheeses have to be sampled, the advantage of smell over 
taste is that the palate does not readily clear itself of the effect of the last 
sample tasted. The senses of smell and taste are so closely associated that 
reliance on the former is dependable enough for grading, though the close 
comparison called for in judging may make it then desirable to taste a small 
portion of the cheese. The colour and texture of the cheese is apparent at 
sight on the iron, but texture is coupled with body and when the latter is 
tested by the pressure of the thumb on the plug of cheese in the iron, the 
texture is also more manifest. 

In grading schemes, not only are evaluations of quality stated in terms of 
numbers of points to be allotted to certain maxima, but descriptions in words 
are attempted for the purpose of defining the degrees of quality and the nature 
of faults. Thus good flavours may be clean, mellow, nutty and characteristic 
of variety, and faulty ones described as tainted, fruity or off-flavour. Body 
and texture are subject to different requirements according to the variety of 
cheese and must be appraised by the grader accordingly. Thus a Cheddar 
cheese should show firmness of body and a texture described as close, smooth 
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and silky. Departures from these ideals may be weak body and open, chalky 
or pasty texture, or, by contrast, hard body and over-acidity. Cheshire 
cheese, by comparison, though also having a firm body, should have a texture 
that is free, granular and silky and should not be over-close or very acid or 
chalky. 

The main requirement in respect of colour for all varieties is that it should 
be uniform without blotches or bleaching and it should appear bright. The 
rind should be intact without broken edges or cracks that would permit 
mould penetration, the shape should be upstanding and regular, and there 
should be no stains on the bandages which would denote leaking whey or fat. 

I. Rheological Measurements of Cheese 

The body or firmness of cheese is a complex property, consisting mainly 
of viscosity (rate of flow under given load) and modulus or elasticity (recovery 
after deformation). Viscosity is controlled mainly by moisture and calcium 
content, and elasticity largely by the extent of washing of the curd and degree 
of ripening (proteolysis?). Much remains to be done before the results of the 
research done so far can be applied in the cheese industry. The subject is 
difficult and the phenomena are influenced by many factors. The firmness of 
cheese is conveniently measured by the ball compressor.76» 689» 690 Rheo-
logical techniques in respect of cheese have been described.68» 76> 691~3 See 
also Grading, p. 139. 

J. Effect of Silage on Milk Quality 

Any odiferous feed can impart its odour to milk as the volatile constituents 
easily pass via the blood stream to milk. For this reason, a good milk producer 
always feeds any crops likely to taint milk immediately after milking. 

Although silage has not been a special problem in Britain and U.S.A. it 
has been a major problem in many European countries, especially in relation 
to cheese. It was formerly thought that silage milk lent a special "disposition" 
to the "blowing" of Swiss type cheese, which has a high pH value, but it was 
later realized that this fault arose from the large number of Clostridium 
spores in the milk of cows fed on silage. In some countries, it is forbidden to 
feed cows on silage in the cheese making season for this reason. The effect 
on cheese quality varies with the variety of cheese, the type and quality of 
silage, and the care in milk production.694» 695 Feeding silage can also delay 
milk coagulation, induce bitter flavours, and lead to erratic ripening. 

It is clear that, although good silage is an extremely valuable feed in winter, 
extreme care must be observed in its use if the milk is to be used for cheese-
making. Only the best quality silage should be fed immediately after milking 
in controlled amounts, and the most careful hygiene must be practised in 
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milk production. Ordinary heat treatment does not kill spores, and milk 
for cheese-making cannot be drastically heated, because the rennet clotting 
will be affected. 

K. Nisin and the Control of "Blowing" 

An effective control method for Swiss-type cheese is the incorporation of 
nisin, a polypeptide antibiotic formed by some strains of Str. lactis, in the 
cheese.695» 697 This method is less effective for the more acid types, but these 
varieties are less susceptible to "blowing" by Clostridium (see Processed 
cheese, p. 145). Care must be exercised in silage feeding for other products, 
e.g. butter.698, 699 it is now permissible to add nisin to cheese in the U.K. 
(p. 159) although a well-made hard cheese from good quality milk should be 
free from this type of fault ("blowing"). Some starters produce nisin, and of 
course there can be no legal objection to the use of such starters, but the 
nisin may be destroyed during ripening. Nisin is more stable in cheese made 
from pasteurized milk.700 Tramer and Fowler701 have described a simple 
reverse-phase disk assay technique using spores of B. stearothermophilus, 
and for quantitiative determination a plate diffusion method using M.flavus. 

L. Deterioration of Cheese in Retail Packs 

While having obvious advantages, the "consumer packaging" of cheese 
usually leads to deterioration in flavour when the packs are exposed for sale. 
Cheddar and Swiss-type cheese tend to deteriorate in flavour when film 
wrapped and displayed for sale. Light accelerates deterioration and tends to 
produce an oxidized flavour. Processed cheese is more stable. In general, the 
smaller the pack, the faster is the deterioration. Of various methods and 
materials tried,702 only aluminium laminate and a film screened for ultra-
violet retarded light-activated deterioration, and only coating the cheese 
with distilled acetylated monoglycerides retarded light-protected deteriora-
tion. Flavour stability is related to Eh stability and persistence of -SH 
groups.7°3 The effect of relative humidity on oxygen permeability of films 
has been discussed704 and also a simple leak test.705 General reviews of cheese 
packaging have appeared.68» 706> 707 

M. Glass-like Fragments in Cheese 

In mature cheese white specks may consist of calcium phosphate. In very 
old well-matured cheese tyrosine, liberated from the break-down of protein, 
can crystallize to form gritty fragments which may be mistaken for glass. 
In processed cheese calcium citrate and calcium phosphate can sometimes 
crystallize to form glass-like fragments. 
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N. The Control of Mites 

Mites have for long been renowned as a cause of cheese infestation. A 
number of species have been identified in infested cheese, the commonest 
being Tyroglyphus siró L. (Gerv.).708-12 The basic approach to mite control 
should be good hygienic methods and particularly the immediate removal of 
all scraps of cheese from factories and stores. Common fumigants are methyl 
bromide713 and dichloroethyl ether.714-717 On account of the chemical 
stability of the chlorohydrocarbons, it is inadvisable to use y-benzene 
hexachloride for cheese and other foods.718 Marzke and Dicke719 found 
various proprietary chemicals effective but also advised caution in their use 
until more is known of their possible effects. 

Mites can be a cause of dermatoses.720» 721 Maggots or flies can also infest 
cheese, and the larvae of the common cheese fly (Piophila casei) can possibly 
cause severe intestinal disturbances.722 Mites can also infect casein.723 

O. Microbiological Control of Cheese and Butter Starters 

7. General 
For starters, yoghourt, kefir, etc., total counts are meaningless except as an 

indication of the vigour or physiological age of the culture. The main con-
cern is with the degree of contamination. The organisms of most interest are 
those which are acid-tolerant, and principally yeasts, moulds and the coli-
aerogenes group. Proteolytic and lipolytic types are usually suppressed in 
vigorous cultures. There is therefore no need to examine regularly a culture 
that is satisfactory by activity (rate of acid development) tests for proteolytic 
and lipolytic organisms. Regular tests should always be made for coliforms, 
yeasts and moulds. If detected (in 1 ml) the starter or culture should be 
rejected immediately. 

As lactic acid bacteria are unable to grow without sugar, a useful control 
test for purity of cultured milks and starters is to plate on standard agar 
(0-5 % peptone, 0-3 % yeast autolysate, pH 7) incubating at 32°C. All common 
bacterial contaminants will grow on this medium. Any count greater than 
1/ml should be a matter for concern. Pin-point colonies can be ignored. 
Although the medium will be turbid with 1 ml material, foreign colonies can 
usually be identified without difficulty. The same method using malt or citric 
acid glucose agar can be used to detect yeasts and moulds. 

If a cheese starter or cultured milk becomes contaminated, it is usually a 
straightforward matter for an experienced bacteriologist to purify it, but in 
practice it is simpler and safer to use a new culture. Reserve cultures should 
always be carried in the laboratory. 
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2. Activity Tests 
Regular tests for activity are essential for all starters. The usual method is 

to hold at 22,30 or 37°C for 3, 6 or 18 hr (according to the type of product) 
and titrate the acid developed. 

All starters must be free from their specific phages. Regular activity tests 
will usually give a warning of phage attack. Starters are not normally used 
for butter in the U.K. Flavour (aroma) is of the first importance for butter 
starters because, unlike cheese, the starter is directly responsible for the 
aroma of the finished butter. The aroma production can be directly deter-
mined by an estimation of the diacetyl produced or the balance of flora (Str. 
lactis, Str. cremoris and Str. paracitrovorus) checked by direct microscopic 
observation. It should be noted, however, that Str. diacetilactis, a powerful 
aroma producer often used for butter-making in Europe, cannot be dis-
tinguished morphologically from Str. lactis. Activity, in the sense of rapid 
acid production, is of less importance in cream ripening than for cheese-
making. 

3. Bacteriophages and Starters 
Bacteriophage attack is the most serious problem which the cheesemaker 

has to face.593 A wide variety of methods has been proposed to deal with this.68 

Erskine724 has injected cows with a high titre phage preparation to produce 
a high concentration of antibody in the milk which, even after dilution, 
could neutralize the homologous and serologically related phages. It may 
be possible to concentrate the antibody containing milk and so permit com-
mercial application. A review has been published of both cheese and butter 
starters.28 

4. Effect of Preservatives 
Addition of sufficient preservative, e.g. formalin, to prevent the souring 

of milk will also interfere with starter growth. This offence is now very rare 
as formalin is easily detected in milk, giving a red-purple colour in the Gerber 
test. Sterilants such as hypochlorites, quaternary ammonium compounds 
and iodophors may be present, usually through carelessness, e.g. failure to 
rinse the utensils, but the reason is immaterial. All are inactivated slowly 
by the organic matter in the milk and it is unlikely that the very low con-
centrations of these detergents and sterilants would seriously affect the growth 
of cheese starters and yoghourt cultures 24 hr later, especially after heat-
treatment of the milk. 

P. Pre-cooked Cheese 

This may be regarded as a product intermediate between ordinary and 
processed cheese. The process may be applied to unripe and matured cheese, 
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and the product is convenient to use as a stable material for subsequent 
manufacture of processed cheese, cheese spreads and other foods. Manu-
facture and methods of use have been reviewed.725 

Q. Processed Cheese 

1. General 
There are vast numbers of types of processed cheese, and the legal control 

varies in different countries. Assuming efficient processing, the greatest 
danger arises from the use of poor quality cheese, and, as in the past, only 
down-graded cheese (p. 139) was used, it is not surprising that faults occurred. 
This lesson has had to be learned by all branches of the dairy industry—it is 
the greatest mistake possible to assume that a poor quality material can be 
used for processing with impunity. 

2. Emulsifying Salts and Standardization of the Mix 
The general quality, body, texture and other properties of processed 

cheese depend on (i) the quality and degree of maturity of the cheese used, 
(ii) the blending of such cheese, (iii) the quality, nature and proportions of 
the other materials used, e.g. skim milk powder (p. 130), whey powder (p. 
147), vegetable fats, (iv) the choice and proportion of emulsifying salts, 
(v) the method of mixing ingredients, particularly the roller treatment or 
other type of maceration and (vi) the time-temperature conditions of the 
melting process. The effect of different types of emulsifying salts has been 
discussed,72^ also standardization methods and use of emulsifying salts.727 

3. Microbiological Control 
The heat treatment involved in the manufacture of processed cheese, 

although much greater than that for pasteurization, does not destroy all 
spores, so that "blowing" by Clostridium has frequently been a trouble in 
this industry. It is with this product, of relatively low acidity, that nisin is of 
the greatest advantage (p. 142). A nisin-producing starter may be used to 
make cheese for processing.728 

4. Defects 
Processed cheese may be heat-treated in cans by immersion in boiling 

water for 5-10 min to kill adventitious organisms on the surface of the cheese. 
Subsequent "blowing" of the cans may be due to butyric acid bacteria or on 
rare occasions to heterofermentative lactic acid or propionic acid bacteria. 
A temperature of 37°C is favourable to most of these, but there are some types 
which do not grow, or grow but do not form gas at 37°C. Some of these also 
grow only very slowly in canned processed cheese, so that it may be necessary 
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to incubate cans at, say, 27-32°C for up to three months in order to ascertain 
with certainty if the pack is satisfactory. Next to the use of poor quality 
materials, the next most important cause of defects is the use of too high 
temperatures (above 120°C) for too long a time. This leads to reddish-brown 
discoloration and this tendency is accentuated by the incorporation of milk 
powder and (especially) whey powder, which is commonly done. These 
induce discoloration at 90°C and upwards, whereas lactose, also used for 
processed cheese, exerts an inhibitory effect, even at 105°C729 Technological 
aspects of manufacture and control have been discussed.730"3 

R. Rennet 
1. General 

Good quality rennet is essential for cheese making and the commercial 
product today is satisfactory both for constancy of strength and micro-
biological purity. Because of the shortage of calves and increase in cheese-
making a 50 : 50 rennet-pepsin preparation is now on the market. Quite 
recently a rennet of fungal origin has also become available. It is claimed 
that normal cheese can be made from both types. It is strongly recommended 
that rennet should be bought only from known reputable suppliers. 

2. Rennet Strength 
Although rennet from a reputable source is initially of a standard strength, 

the activity slowly decreases on standing and for this or other reasons it 
may be desired to test its strength. Unfortunately, there is no standard rennet 
and no standard milk in the absolute sense so that an empirical approach 
to the problem is inevitable. Types of apparatus for determining rennet 
strength have been described.734-6 The British Standards Institute has issued 
an empirical method for measuring rennet strength using a standard milk 
powder and a standard rennet with a visual end-point.737 Yiscometric methods 
have been studied,738» 739 and these may ultimately lead to an absolute 
method for measuring rennet strength. A viscometric method has been used 
to detect the early stages of the rennet coagulation of milk.740 

S. Salt 

There is a British Standard specification for salt for dairy purposes.741 

T. Whey 

Formerly whey was regarded as a waste product of little or no value, and 
often returned to farmers without charge. Although mainly water (about 
93 %), the solids represent a valuable food, and today practically all whey is 
separated, concentrated and converted to paste or powder. The chief point 
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to watch is to keep souring to a minimum, and formalin (1 in 10,000 will 
delay souring) is sometimes added if the product is to be used for animal 
feeding. The lactic acid may be neutralized by soda ash or lime, or a mixture 
of the two, to avoid the "gumminess' and sour flavour which is associated 
with a sour whey. Because of its souring properties, whey is very corrosive. 
It should not be held in galvanized (zinc coated) equipment, as the equipment 
may be corroded by the acid and the dissolved zinc may be toxic to farm 
animals. 

Spray dried whey is a good and useful product for many purposes, e.g. 
processed cheese, humanized milks, dietetic preparations, animal feeds, etc. 
Roller dried whey may contain burnt particles and careful neutralization of 
the whey and thorough grinding is recommended. Modern methods of 
processing whey and its utilization have been discussed.745 The analytical 
data required for whey powder are usually moisture (which should be less 
than 5 %), protein, lactose and ash. The methods used for milk powder (p. 
113) are normally satisfactory for whey. Aged and high moisture samples 
may require special treatment. The disposal,742 utilization743 and manufacture 
of condensed and dried whey744-6 have been reviewed. 

20. CULTURED MILKS 

A. General 

The most important are yoghouit (of which there are many types: whole 
milk, skim milk, fruit flavoured, fruit (real) and other flavours), acidophilus 
milk, cultured buttermilk, kefir, koumiss and many others in various coun-
tries. Many manufacturing methods are employed.747-55 

B. Yoghourt 

1. General 
Yoghourt is the best known of all cultured milks and today is a culture of 

L. bulgaricus and Str. thermophilus in equal proportions in milk, which may 
be ordinary, skim or with standardized fat content (1-3 %) and/or with added 
skim milk powder (1-3 %) to improve body. The milk should be heated for 
30 min at 85-90°C, homogenized at 43°C, any flavouring, sugar, etc., added, 
and immediately inoculated at 2 % level, filled into containers and incubated 
at 43°C with minimum agitation. The[incubation time depends on the desired 
final acidity. In Britain, an acidity of about 0-75 %, requiring 3-3J hr, is 
usual but some countries prefer higher acidities. In U.S.A. incubation is 
continued up to about 0-9 % and in warm countries to even higher acidities. 
There is always a slight increase after removal from the incubator and 
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allowance must be made for this. The fullest flavour is obtained at about 
1-25% acidity. 

The commonest fault in yoghourt manufacture is weak body and leakage 
of whey. Low solids and calcium content, over-heating of the milk and jolting 
of the containers and excessive agitation during manipulation are all conducive 
to these defects. Other remedial measures are to increase the skim milk solids 
and even to add calcium chloride. However, these devices frequently result 
in flavour defects. Lack of flavour may be due to low acidities and harsh, 
astringent flavours to high acidities. Bitter and other foreign flavours are 
usually due to contaminated cultures. Defects and causes are summarized 
in Table 42. The most popular added flavours are strawberry, raspberry, 

TABLE 42. Yoghourt : defects and causes 

Defects Causes 

Failure to grow Presence of antibiotics in milk. 
Weakened cultures. Inadequate 
heat treatment of milk. Excessive 
aeration 

Over acidity Too long incubation. Slow cooling 
Gas formation Growth of yeasts 
Failure to develop Imbalance of cultures due to 
desired flavour faulty cultures or use of wrong 

temperatures 
Broken coagulum Rough handling. Wrong acidities. 
and syneresis Abnormal milk 

blackcurrant and orange. Apricot, melon, butterscotch and vanilla are also 
used. The manufacture of these flavoured yoghourts is a highly skilled 
procedure. It is customary to add about 5 % sucrose to the fruit-flavoured 
yoghourts, and some authorities require special types of labelling. 

2. Wheying-off or Syneresis 
(a) Physical. This is a particularly unpleasant fault because, although harm-

less, the appearance suggests the product has "gone bad". Once the coagulum 
has broken, due to shock, whey readily comes out. This aspect is best con-
trolled by the following precautions and devices: (i) check purity and vigour 
of cultures; (ii) incorporate skim milk powder; (iii) heat-treat the milk 
correctly; (iv) avoid all agitation during incubation (the period of acidity 
between 0-2% and the final value is critical); (v) cool rapidly to below 5°C 
after desired acidity is reached ; (vi) with slurry types mix gently at about 0°C. 
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(b) Microbiological. The commonest cause is growth of B. subtilis and 

similar types whose spores survive the heat-treatment of the milk. The 
appearance is unmistakable. When this occurs, all the batch must be dis-
carded, all equipment thoroughly cleaned and sterilized, and all cultures 
checked for purity. Quality control methods are summarized in Table 43. 

TABLE 43. Quality control methods for yoghourts 

Flavour 
Acidity 
Bacteriological 

Chemical 

Odour and taste 
Titratable acidity or pH 
Microscopic examination for types 
present 
Colony count on standard agar 
and coli tests for contaminants 
Yeasts and moulds 
Fat* and solids-not-fat* 

* Tests of legal significance. 

5. Fruit Yoghourts 
Recently real-fruit yoghourts have become popular, the most common 

in the U.K. being blackcurrant, raspberry and strawberry. Bilberry, black-

TABLE 44. Yoghourt (flavoured): defects and causes 

Defects Causes 

Poor colour 

Poor flavour 

Excessive or 
inadequate 
sweetness 
Gas 

Fruit flavoured* 
Inadequate colouring. Wrong 
choice of colours 
Inadequate flavouring. Wrong 
choice of flavourings or blending 
Failure to match sugar content to 
flavour 

Fruit added 
Failure to kill yeasts on fruit 
General contamination 

s Also as for yoghourt 

berry, pineapple, oranges and other fruits are also used. Currants may be 
used whole or crushed and the larger fruits are usually macerated. Normal 
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methods of incubation in the retail container would result in a layer of fruit 
at the bottom, and special methods are therefore necessary. The commonest 
is to incubate the yoghourt minus the fruit in a bulk container until the 
desired acidity is reached, e.g. 1 % lactic acid. This bulk is held at 0-5°C for 
24 hr and the fruit then worked in with very gentle mixing. Incorrect process-
ing and rough agitation easily lead to syneresis. The yoghourt and fruit 
mixture is then carefully filled into sterile retail containers and held at 
0-5°C until sold. Although the acid yoghourt is more resistant to contamina-
tion than initially, the greatest care should be taken in hygiene at this stage. 
See Table 44. 

C. Acidophilus Milk 

In general terms this resembles yoghourt, and all relevant methods apply, 
but the culture is purely L. acidophilus and incubation is at 37°C. The flavour 
is astringent and less attractive than that of yoghourt, but as acidophilus 
milk is consumed as a therapeutic product, flavour aspects are less important. 
If yoghourt is sold with any therapeutic claims, a small proportion (5-10%) 
of an acidophilus culture may be included in it. 

D. Cultured Buttermilk 

The body is easily controlled by addition of skim milk powder (0-5-2 %), 
the smoothness and flavour by addition of cream (0-5-1 % fat), and the flavour 
especially aroma, by incorporation of citric acid (about 0-2%). The milk 
should be heated for 30 min at 88-92°C with gentle agitation. A high flavour 
culture (usually containing Str. cremoris or Str. lactis and Str. paracitrovorus) 
should be used at about 1 % with incubation at 22°C. The desired acidity 
(about 0-85%) should be attained in about 15 hr, and the product then 
immediately cooled to 5°C. Appearance is enhanced by addition of butter 
granules (coloured) the size of a pin head. All operations subsequent to 
incubation should be carried out at below 5°C and agitation (after mixing) 
avoided. The legal definitions of "buttermilk" may vary, and some countries 
object to the use of the term for skim milk, as it implies a milk richer in fat 
than separated milk. 

Έ. Kumiss 

Kumiss (koumiss) is made from mares' milk, chiefly in Central and South-
East Asia, and contains streptococci, lactobacilli and yeasts. Str. thermo-
philus dies off after 24 hr and the product then contains only L. bulgaricus 
and the lactose-fermenting Saccharomyces lactis and cartilagiosusJ^ Kumiss 
can be made from cow milk if lactose or whey powder is added. 
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F. Cultured (Sour) Cream 

This product is similar to cultured buttermilk (skim milk) but is made 
from cream of 18-19% fat. As with cultured milks, up to 3% of skim milk 
powder (preferably low-heat) is often added to strengthen body. Viscosity 
and freedom from syneresis (leakage of whey) are the main points to watch. 
The cream should be heated to 71-76°C for just over 15 sec. Under-treatment 
tends to result in a weak body and over-treatment to syneresis. The cream is 
usually homogenized at 2500 lb/in2 at about 73°C. A second homogenization 
may improve body and smoothness. 

After 1 % inoculation with a suitable flavour culture (p. 150) the cream is 
incubated at 22°C until an acidity of about 0-55 % is reached. The product is 
then cooled to 5°C and held at this temperature for 24 hr before selling, 
when the acidity should be about 0-8%. Agitation during cooling and filling 
should be minimized. If incubated in the retail container, the acidity should 
be checked by cooling at about 0-7 %. Apart from maintenance of fat con-
tent, laboratory control is similar to that for cultured milks. 

G. The Use of Cream for Cultured Milks 

The smoothness (velvetiness) and palatability of all dairy products varies 
with the fat content. Cream may be added to skim milk products to adjust 
the fat to any desired concentration, e.g. 1 % for cultured buttermilk, 2 % for 
chocolate milk and 4% for creamed Cottage cheese. 

21. OTHER DAIRY PRODUCTS 

A. General 

Some dairy products and constituents of milk are not used directly as 
human food but may be used as ingredients in other foods, for example as 
"improvers" (sodium casemate), or as cheap auxiliary materials (whey paste 
or powder), or for special medical and pharmaceutical purposes (lactose), 
or to increase protein content (casein). Whey powder is often used for animal 
feeds. Quality control is often a difficult problem with such materials because 
they may be derived from milk of "salvage quality" which was badly soured. 

B. Casein 

The quality of casein, and consequently of sodium casemate, has always 
suffered from the fact that, at least in the past, casein was invariably manu-
factured from milkthatwas too bad to use for any other purpose. Consequently, 
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decomposition had usually set in, the protein was partly broken down and 
usually tainted. Washing can largely remove taints but cannot restore the 
original quality of the protein. Refrigerated milk may be worse for casein 
manufacture because of the growth of the proteolytic psychrophiles than 
milk which has undergone natural souring. 

A cardinal point in the manufacture of casein is the quick drying of the 
casein to prevent bacterial attack. 

Casein is not a single protein, but a mixture of proteins differing slightly 
in molecular size, amino acid and elemental composition, and colloidal 
properties. These are of the greatest importance in cheesemaking but do not 
affect the production and methods of utilizing casein for other purposes. 

Two types of casein are manufactured : (i) acid casein by adding hydro-
chloric acid to skim milk to bring the pH value to 4-6, sedimenting or centri-
fuging, washing and sometimes dissolving and re-precipitating (natural 
souring is sometimes used). This type is by far the commonest made; (ii) 
rennet casein by adding rennet to skim milk at about 50°C in the presence of 
a little acid, precipitating and washing (the enzyme produces minor changes 
in the structure of "casein"; this type has only limited uses, and is higher in 
ash content). 

The analytical data usually required for casein are protein (the most 
important), moisture, phosphorus and ash. Ashworth757 has used the dye 
method for estimating casein in skim milk, and incidentally confirmed the 
effect of mastitis on the proportion of casein in the total protein. Milks 
negative to the California mastitis test (p. 64) had an average value of 76 %, 
and for each unit increase in the California test this value fell by 3 %. There 
are British Standard methods for the analysis of acid casein758 and of rennet 
casein.759 In determining the moisture content of casein, and especially rennet 
casein, it is most important to grind it slowly to a fine powder, as otherwise 
very low values will be obtained. 

C. Sodium Caseinate 

Whereas casein is practicably insoluble in water, sodium caseinate forms a 
colloidal solution (depending on the pH value) and is a useful emulsifier or 
improver for most products. It is prepared by careful addition of sodium 
carbonate (or bicarbonate or hydroxide) to a casein suspension to bring the 
pH value to 6-2-6-4, and drying. In addition to its protein value (as for 
casein) (p. 151), the physico-chemical properties of caseinates are a factor 
of importance in the food industry. They are used both to increase the protein 
content and to modify the physical properties of other foods. The manu-
facture and utilization of casein and caseinates are described in the litera-
ture.743» 744» 76° 
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D. Lactose 

This disaccharide is the largest constituent in milk, to which it is peculiar, 
and is invariably prepared from whey by concentration and crystallization. 
It is difficult to free the crystals from whey proteins and minerals, which are 
readily deposited on evaporation, so that crude lactose is rich in these 
substances. 

Lactose is chiefly used in pharmaceutical preparations, both as a sugar of 
characteristic properties and as a binder or diluent, and in the fermentation 
industries, e.g. for antibiotic production. It is also used for infant and special 
dietetic foods, but spray-dried whey is cheaper, contains protein, vitamins 
and minerals, and there is usually no objection to its use. Lactose is commonly 
sold in three grades: crude, refined or standard, and pharmaceutical (B.P. 
and U.S.P.). Specifications are laid down for optical rotation, acidity, 
arsenic, copper and lead contents. Various aspects of lactose are discussed 
in the literature: physical-chemical,761 crystallization,762 production,763 util-
ization.764 and general.743» 765> 766 There is also a review of its manufacture 
and uses.767 

Έ. Miscellaneous 

In addition to the well-defined but less important dairy products briefly 
described in this section, there are a large number of miscellaneous products 
derived from milk and used in the food, pharmaceutical and fermentation 
industries. The following definitions are generally accepted. 

1. By-products 
In dairying, by-products are those parts of the milk or product other than 

that which constitutes the relevant manufacture. Thus whey is a by-product 
in cheese manufacture, but cheese may be a by-product if whey is produced 
for preparing lactose. A concise and informative account of dairy by-products 
has been given.743 

2. Compounded Products 
(a) Reconstituted products. When a dried dairy product is dispersed in 

water, the product is described as reconstituted. 
(b) Recombined products. When more than one dried product is reconsti-

tuted the product may then be described as recombined, e.g. butter and 
separated milk powder to form a "milk".768 

(c) Filled milk products. These are products made by adding vegetable fats 
to skim milk (powder) in imitation of genuine dairy products. These have a 
similar nutritive value, are cheaper, and may have certain therapeutic 
properties if the fat is highly unsaturated or rich in "essential fatty acids".769 
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F. Quality Control of Dairy Products to be Used for Food 
Manufacturing Purposes 

In general, when dairy products are to be used as ingredients in other 
foods (confectionery, cakes, bread, soups, beverages, processed meats, etc.) 
the same qualities are usually required as for normal use. However, exceptions 
can occur. For example, the typical "cow" or "barnyard" flavour, which is 
to be avoided in liquid milk, may be desired in a product designed to have a 
"milky" flavour. Sandiness, which is a fault in sweetened condensed milk, 
may be advantageous in certain types of confectionery, and caramel flavour, 
a fault in sterilized or evaporated milk, may also be desired. Some localities 
prefer a white sterilized milk and others a brown or caramelized milk. 

Blue mould growth is normally a fault in Cheshire cheese, and conversely 
failure of P. roqueforti to grow in Stilton is also a fault. However, the right 
kind of such mould growth in Cheshire leading to a "blue Cheshire" may be 
much sought after as such cheese can command a higher price, especially at 
Christmas. 

All these examples are clearly special cases, and there is normally a special 
requirement and a limited market for such products. In general, dairy 
technology is designed to prevent phenomena regarded as faults, but con-
siderable research and effort are occasionally employed to induce such 
"faults" in dairy products for special purposes. 

22. SENSORY TESTS IN THE DAIRY INDUSTRY 

A. General 

Dairy products are normally not subjected to the same elaborate and 
carefully controlled sensory testing systems as are used in some branches in 
the food industry. Control laboratories are restricted to fairly simple labora-
tory tests and the grading of butter, cheese, etc., is done by experienced, 
practical, but non-scientifically qualified men who use their own terms. 
When special defects occur the problem is normally investigated at a central 
laboratory staffed by graduates who are the only persons in a position to 
link the sensory with the laboratory tests. Specially trained panels of food 
tasters are the exception in the dairy industry. 

When a complaint occurs at the very minimum the product should be 
examined organoleptically by three experienced persons, preferably grad-
uate scientists, working completely independently, and results should 
not be compared until the examinations are all completed. Suggestions and 
comments by one person can easily influence another, especially a more junior 
worker. Descriptions of taints by workers in the industry are often conflicting, 
and such information is not usually satisfactory as a basis for investigation. 
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B. Sensory Discrimination of Fat and SNF in Milk 

Fat has a considerable influence on the flavour and physical attractiveness 
of many foods. It is well recognized that skim milk tastes thin "or rough" and 
is less attractive than whole milk, and also that the high fat content and large 
yellow globules of Jersey and Guernsey milk make this more attractive, 
although possibly less digestible, than Friesian or Shorthorn milk. This 
general assessment applies to many dairy products—milk, cream, yoghourt, 
chocolate milk and cheese. A too high fat content may make a product sickly 
or indigestible. Thus chocolate milk with a normal fat content (about 4 %) is 
too rich for most palates and so the milk fat is generally reduced to 2%. 
Cream cheese containing more than 60% fat is over-rich and so not very 
appetizing, and easily turns to a crude butter. 

In all studies of the "fat effect" and "SNF effect", it is most important 
to secure chemically normal milk of good bacteriological quality free from 
feed, absorbed and other flavours. Discrimination of fat and SNF by con-
sumers has been studied.770-3 Milk beverage aspects have been discussed.774 

C. Techniques in Sensory Analysis 

Basically, the methods for the sensory analysis or organoleptic examination 
of dairy products are identical with those for other foods. Flavours are often 
"delicate" and temperature standardization is important, especially as most 
dairy products are stored at low temperatures. When testing milk in cans 
(churns) or containers, it is most important to record when the lid was last 
removed, or to standardize the period of closure. Some odours are very strong 
when the lid is first removed and then disappear when the milk is exposed 
to the atmosphere. A simple technique has been described775 for measuring 
olfactory thresholds of aldehydes and sulphur compounds responsible for 
the odour of some foods. 

A detailed review of the problems inherent in the sensory assessment of 
milk has been given.776 The authors describe various procedures and em-
phasize that no one method is adequate to cover the subject and stress the 
importance of distinguishing difference testing, quality evaluation and con-
sumer preference. Methods have been described for the sensory analysis of 
foods.777-84 See also this series, Volume 1, p. 235. 

23. SUBSTANCES ADDED TO DAIRY PRODUCTS 

A. Intentionally Added Substances 

Certain quite harmless substances are traditionally added in the manu-
facture of various dairy products, and quality control is of course as essential 
for these as for the milk itself and for the final product. In addition, more 



156 J. G. DAVIS 

recently certain chemicals or additives have come into use. These may be 
officially recognized, or they may be tolerated unofficially, or the legal 
position may be obscure. 

Most countries have laws specifying what additives (usually chemically 
defined substances) may be used for dairy products (for example, see pp. 159, 
160).51'52 In addition, the position in respect of some materials for certain 
products (for example fruit, fruit flavours and sugar for yoghourt, cocoa for 
chocolate milk, herbs, etc. for some cheese varieties) is not clearly defined 
legally, and regulations may be ultimately introduced to cover them (cf. p. 160). 

B. Accepted but not Officially Recognized Manufacturing Procedures 

For some products, such as cheese, milk powder and evaporated milk, 
there are certain "tricks of the trade" which are regularly practised but not 
officially recognized; in theory they would be illegal. If food authorities 

TABLE 45. Materials traditionally used in making dairy products 

Traditionally added Frequently used 
and universally and accepted 

Product accepted unofficially 
(many now legal) 

Evaporated milk — Sodium citrate, 
phosphates and 
bicarbonate 

Sweetened condensed milk Sucrose — 
Milk powder (roller) — Sodium carbonate 
Butter Salt, annatto — 
Cheese Rennet, salt, annatto, 

herbs and other plant 
materials, beverages, etc. 

Processed cheese Skim milk powder, whey — 
powder or paste, sodium 
citrate and phosphates, — 
plant materials, etc. 

Cultured milks Whole and skim milk 
powders — 

suddenly took note of these practices and prohibited them, the manufacture 
of these products would become very difficult and the quality of them would 
suffer severely. Examples are in the addition of calcium chloride to heated 
cheese milk to give normal rennet coagulation, of sodium carbonate to milk 
for roller powder making to improve solubility, and of sodium citrate or 
phosphate to milk for evaporation to increase stability. A survey of these 
materials is given in Table 45. Micro-organisms, such as cheese starters and 
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yoghourt cultures, are generally accepted. Regulations have now been made 
to cover some of these (pp. 159, 160). Artificial or imitation cream and the 
various vegetable or plant "dairy products" made for vegetarians are not 
included in this monograph. Some of them are based on skim milk and 
vegetable oils or fats. 

C. Pesticide Residues 

Quality control of dairy products has not so far involved assay for residues 
of pesticides but the rapidly growing interest in this subject may well lead 
to its consideration. The problem is discussed by Wildbrett et <z/.785 (good 
bibliography). A method suitable for the detection of chlorinated pesticides 
in dairy products has been described.786 

D. Radioactivity in Dairy Products 

This aspect has been a matter of particular concern to the authorities 
because an important constituent of fall-out is strontium-90 which has a 
long half-life period and is metabolized like calcium and so is incorporated 
into bone, and cows' milk is a major food for babies and children.787 A 
simplified rapid method for determining radio strontium in milk has been 
given.788 Ion exchange methods are available for the removal of strontium-90 
from milk, but there is as yet no need for their use. Surveys of the position 
are constantly in progress in respect of iodine-131, strontium-90 and caesium-
137 (the most common radioactive elements in dairy products), and so far 
all levels are below what are accepted as the dangerous threshold values. 
Values for strontium-90, caesium-137 and iodine-131 in milk in the U.K. 
are available.789 

24. PACKAGING 

A. Influence of Packaging on Quality of Dairy Products 

Although great advances have been made in new methods of packaging 
during the last 20 years, especially for liquid milk and cheese, these methods 
have introduced new problems. A paper or plastics non-returnable container 
greatly simplifies the equipment problem in the dairy and eliminates problems 
of cleaning and sterilizing returnable containers such as bottles and cans, 
reduces weight, eliminates glass breakage and corrosion problems and simpli-
fies distribution. However, problems of mechanical strength, sealing, cost, 
induced foreign flavours and customer prejudices have to be overcome. An 
efficient closure is particularly important not only for liquid milk but also for 
cheese, because the slightest opening admits oxygen and so leads to mould 
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growth. For a discussion of the respective merits of bottles and cartons, 
see Davis790 and of the possibilities for plastics milk containers Steger-Meinl 
and Kiermeier.791 

B. The Impact of New Methods of Packaging 

At the present time, methods of packaging certain dairy products are 
undergoing a revolution. Liquid milk and cheese are the products most 
affected, and the main trend is towards plastics films (bags), plastics-lined 
paper (cartons) and plastics containers. 

The adoption of these new methods will profoundly modify some aspects 
of quality control. For example, the substitution of plastics containers for 
glass bottles will eliminate all the problems of foreign bodies and glass 
fragments in milk bottles (one of the most difficult problems in the dairy 
industry). 

The relative humidity inside a pack is a major factor in controlling growth 
of moulds, e.g. on cheese. The r.h. may be measured by inclusion (in test 
packs only) of special salts, e.g. cobalt thiocyanate.792 

Another method involves measurement of the conductivity of the absorbed 
moisture layer on a strip of polystyrene or other material. 

Rindless curing (film packaging) maintains cheese under defined conditions 
of humidity and protects the cheese from bacterial and mould contamination, 
and depradation by mites, etc. However, the high humidity inside the pack 
is conducive to mould growth and if the film is not oxygen-proof, or (more 
commonly) the seal is not perfect, mould growth rapidly takes place. The 
ideal pack should be virtually (but not absolutely) oxygen and moisture proof. 
Oxygen permeability is also a factor in the development of oxidized flavour 
in aseptically packaged U.H.T. sterilized milk. Packs may be tested by a 
simple method for pinholes, etc., but in practice absence of mould growth 
may be assumed to indicate a satisfactory pack. Oxidation reduction indi-
cators may be used to measure the degree of anaerobiosis in cheese79^ and so 
the oxygen permeability of films used for rindless cheese.794 Properties of films 
for packaging dairy products have been discussed,795 and also recent advances 
in the packaging of cheese^. 52, 68,796-8 and of butter.799 

25. LEGAL ASPECTS AND INTERNATIONAL STANDARDS 

A. General 

Milk and dairy products are quite justifiably more rigidly controlled by 
legislation and standards than any other class of food. Not only the products 
themselves, but also processing methods and the hygienic quality of dairy 
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equipment are now legally controlled in many countries. Even the choice of 
sanitizing agents may be subject to legislation. 

The purpose of standards is to protect the purchaser, who may be an 
individual member of the public or a wholesale buyer. Standards are based 
on custom and what can be achieved by good commercial practice. 

Legal standards may be conveniently classified as follows. 

1. For purity, i.e. prohibition of any addition or subtraction, as for milk 
(p. 30). 

2. For composition, e.g. fat in cream (p. 92) and milk powder (p. 112), fat 
and SNF in concentrated milks (p. 100), moisture in butter (p. 119). 

3. For additives, e.g. nisin in evaporated milk and cheese (p. 142). 
4. For efficiency of processing, e.g. phosphatase test for pasteurized milk 

(p. 80), turbidity test for sterilized milk (p. 87). 
5. For bacteriological (keeping) quality, e.g. méthylène blue test for milk 

(p. 78) and cream (p. 93). 
6. For hygienic condition of equipment and permitted sanitary chemicals 

(p. 164). 

In addition to legal standards, most countries have non-legal standards 
which have become accepted as good practice, and are universally accepted 
by the industry, public analysts and others concerned, and on which evidence 
may be accepted in courts of law. Examples of these are (cf. above section) : 
(a) freezing point test for purity of milk (p. 58); tests for penicillin and other 
antibiotics in milk (p. 132); (b) moisture in milk powder (p. 113); fat and 
SNF in yoghourt (p. 147) ; (c) stabilizing salts for evaporated milk (p. 102), and 
processed cheese (p. 145), neutralizers for milk and whey to be dried; (d) for 
filtration or clarification (p. 83), homogenization (p. 86); (e) colony count and 
coli tests (legal in some countries) (p. 60), resazurin (p. 62), titratable acidity 
(p. 57), direct microscopic count (p. 55); (f) swab and rinse tests for surviving 
microflora on cleansed equipment (p. 60). Medical officers of health usually 
have statutory powers to condemn any food they have good reason to believe 
is unfit for human consumption, e.g. in U.K. under Section 8 of the Food 
and Drugs Act 1955.soo i n dairy products the most likely reasons would be 
the presence of Mycobacterium tuberculosis, Brucella abortus, Salmonella 
typhi and staphylococcal toxins. 

The legal controls and standards of dairy products and foods are so 
frequently changed in some countries that an exporter is strongly advised 
to check the latest laws affecting his product, and never to take anything for 
granted, soi 

A most useful survey of international food standards is given regularly in 
the "Food Directory".801a In the U.K. dairy products and other foods are 
thoroughly dealt with.si, 52,802 
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B. Quality Standards 

Most countries have legal quality standards for dairy products although 
these vary considerably. They are mostly chemical and microbiological in 
nature but there are some physical, biochemical and mechanical standards 
which may require arbitrary "yardsticks", e.g. for sediment. 

1. U.S.A. 
Broadly speaking, the U.S.A. and Canadian standards are the most 

comprehensive and detailed. The U.S.A. standards are given in Agriculture 
Handbook No. 51 "Federal and State Standards for the Composition of 
Milk Products".8°3 This is a most useful document which gives Federal and 
State Standards (53 in all) for all dairy products and some non-milk-fat 
products. These are mostly chemical, but vitamins and additives are given 
where appropriate. The Milk Ordinance and Code1 covers the public health 
aspects of the dairy industry in a very detailed manner. Grade A Dry Milk 
Products (U.S. Department of Health, Education and Welfare) are dealt 
with in Supplement 1 to this Code. 

U.S.A. standards for grades are issued for the following products amongst 
others : butter, Cheddar cheese, Swiss cheese, grated cheese (Parmesan, etc.), 
milk powder (various types). Federal specifications are issued for milk, whole, 
dry; milk, nonfat, dry; malted milk, chocolate flavoured milk and drink, 
butter, cheese, process, pasteurized; and standards are issued for milk, 
cream, dry whey and other dairy products. These are often given in standard 
reference books.5 

2. Legal Aspects in the U.K. 
The Food and Drugs Act 1955 with its regulations controls the sale of all 

foods. Various tests and standards are specified for dairy products and some 
other foods. British standards are discussed under each product. The Label-
ling of Food Order 1967804 requires all foods, except those specifically exempt, 
to be labelled in a certain way, and certain vitamins and minerals must be 
declared if added to the food. Milk, butter, cheese and condensed milk are 
exempt from this Order. The U.K. quality standards are given in various 
regulations issued under the Food and Drugs Act 1955.80° These are dealt 
with under the various commodities. 

C. Preservatives 
/ . General 

Milk and milk products are most zealously protected by health laws in 
most countries and preservatives (in the chemical sense) are either absolutely 
forbidden or very rigidly controlled. Under the Milk and Dairies (Preserva-
tives) Regulations 1962,805 the addition of any preservatives to milk is 
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forbidden in Great Britain. However, certain naturally occurring substances 
are defined legally as not being preservatives. The best (i.e. least objectionable) 
preservative for liquid milk is probably hydrogen peroxide at 0-05-0-15%. 
This method has been used with success in cheese making (p. 129) and is 
now permitted in some countries.^, 612 

2. Antibiotics as Preservatives 
In the U.K., U.S.A. and most European countries the authorities have 

been very reluctant to permit the use of antibiotics as preservatives in dairy 
products or any other foods (cf. p. 159). In the U.K. the Preservative in Food 
Regulations 1962 permit the use of nisin, an antibiotic produced by Str. 
lactis, for certain canned foods, cheese and clotted cream. See Clotted cream 
p. 94), Evaporated milk (p. 103) and Cheese (p. 142). 

D. Factors Influencing Standards 

Temperature conditions must be taken into consideration in respect of 
standards for some products. For example, for evaporated milk there may 
be standards of 9% fat and 31 % total milk solids. These are fully realizable 
in the U.K. but for tropical regions such standards may be incompatible 
with stability. In the past, skim milk products have been rigorously con-
trolled in respect of labelling, being regarded as inferior nutritionally and 
"unfit for children". 

£. Foreign Objects and the Scrutinizing of Washed Milk Bottles 

1. Foreign Objects 
The milk bottle has solved one great problem of the dairy industry— 

that of contamination in distribution—but it has also introduced two new 
problems, those of the dirty bottle and of broken glass. The modern bottle-
washing machine is designed to clean a bottle that has not been rinsed but 
the ordinary washing process, relying only on jetting or soaker tanks or both, 
cannot remove some types of soiling caused by the misuse of the bottle. 

There are basically two types of problem: (i) foreign objects in otherwise 
clean milk bottles; (ii) dirty bottles in which foreign material is adhering 
strongly to the bottle itself. 

"Dirt" in bottles may be classified in two main groups: (a) cement, oil, 
paint, creosote, etc. due to the deliberate misuse of the bottle and (b) fly 
pupa cases, snails, algal growth, dried-on dirt and leaves, etc., due to leaving 
bottles in rubbish heaps, gardens, cemeteries, etc., for some time. A detailed 
study has been made of insect infestation.806-9 

It is sometimes of interest to determine if an insect was in the bottle during 
the washing process or if the bottle has received any form of heat-treatment, 

7 
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and a special type of phosphatase test may be applied for this purpose.810 

Provided that the bottle has received the usual washing, impervious foreign 
matter does not constitute any danger to public health.su 

2. Broken Glass 
As long as we have glass containers for any foodstuffs, there will always 

be the possibility of broken glass in the container. Broken glass in a milk 
bottle arises mainly from two causes : (i) A bottle is broken on the filler and 
the shattering causes fragments to fly in all directions. Some of these may fall 
into bottles on the conveyor before they are capped, (ii) A crate or other 
heavy object may be brought down with some force on a capped bottle of 
milk between the time it leaves the capper and reaches the consumer. Contrary 
to popular belief, tiny fragments of glass do not seem to be dangerous.52 

5. The Basic Principles of Scrutinizing 
There are three main aspects that require efficient control for scrutinizing 

to be made perfect : (a) the right type of operative must be employed for this 
purpose, (b) the period of scrutinizing must be so limited that the operative 
does not become subject to fatigue and (c) the condition of scrutinizing must 
be made as perfect as possible.292 A number of mechanical scrutinizing 
equipments are now on the market although only one scrutinizes the entire 
area of the bottle. 

26. CLEANLINESS AND STERILITY OF EQUIPMENT 

A. General 

There is no aspect of dairy technology more important than the cleanliness 
and sterility of the equipment, and this applies to all dairy products and to all 
stages of production, processing and packaging. Quality control must 
therefore take hygiene into account. Formerly (up to about 1935) dairy 
equipment was often designed in such a way that cleaning and sterilizing were 
very difficult, if not impossible, except at an enormous labour charge. It 
took a generation to convince dairy engineers that bacteria were a menace 
and must be treated with respect, just as it took a generation to convince 
managers of cheese making creameries that bacteriophages existed and were 
the principal cause of starter failure. 

The control of sanitation or cleansing (i.e. cleaning and sterilizing) should 
be regarded as an integral part of quality control in all branches of the dairy 
industry. It is of paramount importance for milk production, pasteurization 
and bottling, aseptic filling of sterile milk, cream, butter, cheese, condensed 
milk and cultured milks. Even for sterilized and evaporated milks and milk 

http://health.su


DAIRY PRODUCTS 163 
powder, it should not be neglected because, even if killed during processing, 
bacteria can grow sufficiently before-hand to produce a sour or unpleasant 
taint in the product. A typical example is the growth of Str. thermophilus 
in the hot well in the manufacture of spray-dried milk. Such growth would 
not be detected by a colony count (cf. p. 118). 

The most efficient processing known will not yield a good product if it is 
contaminated after processing, and such contamination is often not detected 
by legal or official tests, such as the phosphatase test for pasteurized milk 
(p. 78) or the turbidity test for sterilized milk (p. 87). 

The best methods148 for checking sterility of equipment are appropriate 
tests (dye reduction, colony count and especially coli tests) on the first milk 
through, and daily swab or rinse tests on the equipment. 

B. The Cleaning and Sterilizing of Equipment 

1. Cleaning 
The cleaning of equipment involves the removal of heated milk deposits, 

which consist mainly of the thermo-labile proteins and calcium salts, and the 
corresponding soiling matter for the various forms of manufacture. Raw milk 
equipment requires thorough rinsing and sterilizing, but cleaning is a rela-
tively easy problem. The other equipment however requires expert control 
and specially formulated detergents or detergent-sterilants.51»52» 148> 812> 813 

There is no legal control of detergents for dairy use in the U.K. Blended 
alkaline detergents, used with calcium sequestering agents and such sterilants 
as hypochlorite and quaternary ammonium compounds are most commonly 
used.814»815 These are excellent for removing protein deposits but less efficient 
for removing "milk stone" and hard water scale. Acid treatment or some 
other form of descaling at intervals is essential. 

Iodophors are now being introduced as detergent-sterilants and, being 
acid, they readily remove milk stone and water scale.816»81? Alternate use of 
these two groups of detergents and sterilants thus has obvious advantages. 

The major factors controlling deposition of milk solids on equipment are 
temperature, especially high temperature-differentials, acidity (pH value), 
abnormality of the milk, pre-heat treatment, low milk velocities and air 
content.819~2o Burton821 modified the method of Gormall et al^ for his 
investigation of milk deposits and the factors controlling them. 

The assessment of efficiency of sterilizing is relatively easy by swab or rinse 
tests but the measurement of detergent efficiency is more difficult.148 As both 
detergents and sterilants are really used for the same objective, i.e. the almost 
complete removal of bacteria, an assessment of residual bacteria on equip-
ment is adequate for both purposes. Residual soil inevitably leads to a high 
count. 
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Iodophors readily stain soiling matter (protein, milk-stone) and so can be 
used as a simple test for the efficiency of cleaning.816 They do not stain clean 
equipment made of stainless steel and glass. The analysis of detergents is 
detailed in the literature.^, sis, 823 

2. Sterilizing 
The most difficult problem in sterilization is of course the destruction of 

bacterial spores, and when there is an epidemic outbreak of a fault caused 
by spores, such as sweet curdling or "bitty cream" in milk (p. 80), or 
bacterial defects in sterilized (p. 86) and evaporated milk (p. 102), it is of 
the utmost importance to "clean up" the whole dairy and all the equipment 
and so eradicate the reservoirs of infection. Ordinary steaming and chlorina-
tion may not be successful, and prolonged treatment with sodium hydroxide 
at as high a temperature as practicable is a preferred method. 

Spores of bacilli vary in their resistance to NaOH, the times required to 
reduce 100,000 to 1 spore by 2% NaOH at 80-90°C varying from about 
3 min to about 30 min.824 At 10°C, 3 % NaOH takes about 15 hr to produce 
a 99 % destruction, and increasing the temperature greatly shortens the time 
required. Whitehouse and Clegg825 have evolved the following formula 

= 2-6x108 
1 ~ C1*66 Θ 3-79 

where t = time (hr) to produce a 99 % kill, C = concentration of NaOH 
(%w/v) and Θ = temp. (°F). Thus, doubling the temperature is far more 
effective than doubling the concentration of NaOH. 

In practice, efficient cleaning with a hot caustic alkaline detergent as in 
bottle washing51»812 also sterilizes the equipment. For example, bottles taken 
from the detergent section of a bottle washer are virtually sterile.826 

Spores are of no significance unless they germinate. Ineffective attempts 
to destroy spores by heat or chemical methods may induce germination and so 
lead to faults which otherwise would not have occurred. 

Only permitted sterilants and detergent-sterilants may be used in dairies 
and dairy farms in the U.K. 

A general discussion has been published of the cleaning and disinfection 
of dairy farm equipment82? and a review given of chemical sterilization.827a 

3. Circulation (in-place) Cleaning 
The shortage and cost of labour today has resulted in the adoption of 

circulation cleaning in all but the smallest and most primitive types of 
dairies. Even on dairy farms, circulation cleaning is now very common. 
In milking parlours and cow houses the same basic method is used as in 
dairies. The pipe lines are so arranged that by a simple adjustment a circuit 
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is formed and mains water for the first rinse, detergent, sterilant, descaling 
solution and the final rinse can all be pumped round the circuit without any 
complication. 

Certain precautions must always be observed, e.g. thorough rinsing of 
detergent, for hardness of the water, condition of equipment and especially 
glands in pipelines and pumps, avoidance of corrosion, drainage of pipelines, 
avoidance of distortion by heat, checking strength of solutions, etc. 

A cold chlorinated (2 ppm) rinse immediately before use may lead to a 
lower bacterial count, at least in the equipment if not in the milk.828 A 
description of methods has been given by the Society of Dairy Technology.813 

D. Assessment of Sterilants and Detergent-Sterilants 

The only really satisfactory method of assessment is to use the preparation 
as recommended and test the equipment after treatment, but basic tests can 
be useful as a guide if their limitations are understood. The Rideal-Walker 
and Chick-Martin tests were formerly used for disinfectants, but suspension 
tests, which measure the percentage kill of a standard bacterial suspension 
under defined conditions, are now generally used. Methods for suspension 
tests have been approved.4» 829> 83° For the assessment of detergent-
sterilants, artificial adherent soil tests such as the can test817»831 or the tube 
test832 are most suitable. General discussions of the problem are given in the 
literature.8^, 833-6 

E. Importance of Materials 

The selection of materials for equipment is a matter of paramount im-
portance in the dairy industry. Glass is the easiest to clean and stainless steel 
is nearly as good. Of other possible materials, aluminium is probably the 
best.837 Plastics are more difficult to clean and sterilize but have the advantage 
of lightness, resilience, cheapness and ease of fabrication. When a plastics 
material can approach glass in its surface properties, it will have a consider-
able future in the dairy industry. 

F. Corrosion by Sterilants and Detergents 

Particular care must be exercised in the cleaning and sterilization of dairy 
equipment, and in the use of brine, to avoid corrosion. Not only is the life 
of the equipment greatly reduced but copper and iron dissolved into milk 
and milk products catalyse fat-oxidation taints (p. 71). 

Corrosion is one of the greatest causes of trouble and financial loss, not 
only in the dairy industry, but in the world, and the utmost must be done to 
minimize such losses. The most important points to observe in dairying are: 
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(i) use stainless steel or glass wherever possible, (ii) never have two different 
metals in contact, (iii) take special precautions in using acid preparations 
(such as iodophors) and those containing chlorine, and (iv) always rinse 
thoroughly after using sterilants. Soft water should always be made weakly 
alkaline. 

There have been general discussions of corrosion in the dairy in-
dustry,51» 52,148 and of tests for corrosiveness.838 

G. Control of Water Supplies 

1. General 
Most factories like to have a well supply, if only for economic reasons, 

and some food factories are in isolated country places and have to rely on 
well supplies. The use of river water for cooling is very common, but local 
authorities may prohibit the use of well water or river water for purposes 
in which direct contact with foods may be possible. 

In one way, the sanitary quality of water is more important in food 
factories than for domestic supplies because pathogens do not proliferate 
in clean water but many do so rapidly in foods and watery residues. 

Contaminated water in a dairy naturally contaminates everything with 
which it comes into contact. Considerable losses have occurred through 
failure to realize this elementary fact. The use of an assumed "pure" water 
supply to wash and rinse down equipment may easily lead to the introduction 
of fault producing organisms, and leave the equipment in a worse condition 
than before. 

A simple method for testing the sterility of equipment is to pass a known 
volume of sterile water or water of known bacterial content through it and 
determine the increase in microflora. Much general information on the 
control of dairy water supplies is available.51»52»148 

2. Milk 
The effect of contaminated farm water supplies on the keeping quality of 

milk has been recognized for a long time. With unhygienic methods and no 
cooling the coli-aerogenes group usually causes the most damage. If the milk 
is refrigerated, Pseudomonas and similar types may produce unclean flavours, 
bitterness and sometimes stinking milk. Clean methods without cooling 
can give good milk, but dirty methods and cooling can easily lead to the 
above faults. 

Ropy milk is a classical example of a fault due to contaminated water. 
Many examples are given in the literature,51» 1(>4»839 and common causes are 
Aerobacter and Alcaligenes. Ropiness in pasteurized milk was found840 to 
be caused by M. viscosus, and the reservoir of infection was found to be the 
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washed cans coming into the dairy from low-lying districts. It was found that 
about 1 % of producer-retailers' milks suffered from ropiness,841 the peak 
being from July to September. Outbreaks in pasteurized milk were due to the 
producers' milks, and the ropy organisms were derived from the farm water 
supplies. 

Organisms producing faults in milk and dairy products are often spread 
by water residues in cans which travel backwards and forwards between 
creameries and farms. A common fault in hot weather is malty flavour, and 
it has been shown that chlorination of the water used for washing the utensils 
will largely reduce if not eliminate the fault. 

Water contamination may have special significance when samples of milk, 
etc. are taken for official purposes and held under refrigeration until tested. 
Thus it was found842 that milks from a certain area failed to pass the methy-
lene-blue test when held overnight at 4°C, a temperature that is generally 
considered to hold micro-organisms in a static condition. These samples 
were found to give almost a pure culture of Pseudomonas which grew at 4°C 
sufficiently to reduce méthylène blue. All the samples concerned came from 
farms using well water which contained this particular type of Pseudomonas, 
and which was used by the farmers to wash out their cans. 

The general question of the suitability of farm water supplies for dairy 
purposes has been comprehensively reviewed.843 

3. Bottle Washing 
About eleven thousand million bottles of milk are delivered annually in 

the U.K. When the product is sterilized in the bottle or jar, the hygienic 
condition of the container is not a matter of great importance, but when it is 
not, as with pasteurized milk, the micro-organisms remaining in the bottle 
can easily invalidate the efficiency of the pasteurizing and handling methods. 
In the bottle-washer, hot detergent solution at 60-63°C cleans and sterilizes 
the bottles, which are then treated by a warm recirculating rinse, a cold rinse 
and a final mains rinse. The warm recirculating rinse is the key point in the 
system; it may easily have the bacteriological quality of sewage because ideal 
conditions exist for the growth of bacteria. The subsequent rinses will then 
not be sufficient to deliver a bottle of good hygienic quality. A standard of 
not more than 1000 per ml for warm recirculating rinses is reasonable and, 
provided that the cold and final main rinses are virtually sterile, good bottles 
can be obtained. Chlorination of the rinses and the use of a bactericidal 
detergent are satisfactory solutions to this problem. 

The development of aseptic filling techniques will naturally require a 
completely sterile water for the rinse sections unless the product is filled hot 
and the container heat-sterilized immediately before filling. There are general 
reviews of bottle washing.si, si2 
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4. Cream 
Bitterness in sterilized cream may be caused by the growth of Proteus, 

the contamination being derived from the cooling water and some cans 
being "leakers". 

5. Butter 
Of all dairy products, this is the one most vulnerable to spoilage by water 

bacteria. The most dangerous are those that are strongly lipolytic, proteo-
lytic and grow at low temperature. The most important genus is Pseudomonas, 
and this is able to grow in water. Serious incidents may occur even when a 
water supply that is satisfactory from the public health point of view is in use. 
The organism most frequently concerned is Ps.fluorescens and the commonest 
defects are surface taint, putrid butter, cheesiness and "rabbito", and these 
defects can nearly always be traced to the water supply.844-7 Butter is 
susceptible because it is always washed and so comes into direct contact with 
the water. The evidence usually leaves little room for doubt. 

The damaging effect of water bacteria depends not only on the types and 
numbers present, but also on the type of butter. A well-made salted butter 
will be more stable microbiologically than a badly made unsalted butter. 
There appears to be a minimum contaminating dosage necessary to initiate 
growth and taint production. In general, the higher the count of the water, 
the greater the adverse effect on the butter. 

6. Cheese 
This product is less liable than butter to spoilage by water bacteria for two 

reasons : (a) it is acid and therefore not a favourable medium for water types, 
and (b) apart from the washed curd types it does not come into direct 
contact with water as butter does. 

Further factors are the high salt content in the aqueous phase (about 6%), 
the anaerobic conditions inside the cheese, and the antagonism of a numerous 
and vigorous lactic flora. Probably the most important types for cheese are 
the coli-aerogenes group and the yeasts and moulds because they can resist 
acid conditions. These types are often found in farm supplies.848»849 

The unripened types such as Cottage cheese are much more susceptible 
to water organisms than the drier, more acid types such as Cheddar.850 

Nevertheless, these bacteria are capable of causing rancidity in Cheddar 
cheese, and they may also produce discoloration in cheese when potassium 
nitrate is added to suppress gas formation by coliforms. In an investigation 
of spoilage in Cottage cheese,850 it was found that there was heavy contamin-
ation in the wash water, and that the count of the curd increased consider-
ably after washing; several water supplies contained large numbers of 
lipolytic and proteolytic bacteria but few coli. Psychrophilic bacteria in the 
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water used for washing Cottage cheese have been found to cause defects, 
and pasteurizing the water for twenty seconds at 85°C,851 and thorough 
cleansing of the equipment lead to better quality cheese. 

H. Effluent 

The problems of economic production, quality of products, consumption 
of water and quality of effluent in a dairy or creamery and closely inter-
related. The B.O.D. of an effluent is a useful measure of wastage and efficiency 
of processing. For a manufacturing creamery an effluent or water con-
sumption to milk ratio of three is a satisfactory figure. The ratio is usually 
slightly higher, but depends on the nature of the manufacture. Cheese and 
condensed milk make the highest demands. Control methods are described 
in the literature.51,52, we, 852,853 

27. PUBLIC HEALTH ASPECTS 

A. General 

The medical officer and health inspector, and the dairy technologist look 
at dairy products from different points of view. The former are concerned 
solely with public health aspects, i.e. the presence of injurious bacteria, 
whereas the latter are concerned chiefly with palatability, appearance and 
keeping quality. The former may have little knowledge of the technology 
and the latter little realization of the health hazards involved. Consequently, 
the medical officer may place a rather academic interpretation on everyday 
bacteriological phenomena, and the technologist not concern himself with 
health aspects as he should. 

The disease aspect of micro-organisms in dairy products, especially raw 
milk and its products, was formerly a problem of considerable importance,854 
but the almost universal heat-treatment of milk permits only an occasional 
outbreak of such diseases, and then only from raw milk, inadequately heat-
treated milk or recontaminated dairy products. There have never been any 
legal tests or standards for pathogens in dairy products. Tuberculosis 
legislation refers only to the animals. It would be very expensive to test milk 
supplies routinely for pathogens. Comprehensive reviews of milk-borne 
disease have been given.34-36 

B. The Significance of the Presumptive Coliform Test 

The basic colony count and presumptive coliform tests as used originally 
in the dairy industry were taken en bloc from water bacteriology, and the 
interpretation of the results was for many years also tacitly accepted from 
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the same source. In water bacteriology, the interpretation was based on the 
fact that intestinal pathogens, such as Salm. typhi, died out in water somewhat 
faster than the faecal coli which always accompanied them. In other words, 
presence of faecal coli implied the possible presence of sewage organisms or 
recent faecal contamination, and conversely absence of faecal coli indicated 
a safe water. 855 Every raw milk contains some coliforms which may be of 
the faecal type or of the aerogenes type derived from plant sources. However, 
both types can grow in milk, and may be derived from unclean utensils, 
traces of milk residues and other non-faecal sources. Early dairy bacterio-
logists paid considerable attention to the type of coliform in dairy products 
and accepted that faecal coli implied faecal contamination, and some medical 
bacteriologists still persist in this view. 

Any coli-aerogenes organism in milk or a milk product has a definite 
significance, but not necessarily a public health one. The presence of these 
indicates failure to give effective heat-treatment, contamination by the raw 
product, and/or failure to clean and sterilize the equipment.148 In spite of 
the limitations of the coli test, it is still the most useful test from the hygiene 
point of view but the results must be properly interpreted. 

C. The Use of Index Organisms in Milk Products as a 
Criterion for Safety 

As it is quite impossible to examine every batch of a milk product for 
pathogens, it is a standard practice to enumerate "index organisms" that 
indicate a public health hazard. Unfortunately, the problem is far more 
complicated than the testing of water supplies, where faecal coli organisms 
die out somewhat more slowly than salmonellae. Other bacteria have 
been suggested for this purpose, including faecal (Lancefield group D) 
streptococci85^, 857 and Cl. welchii. Total counts are of value for those 
products that do not involve a natural or necessary microflora, such as 
cheese and cultured milks, but the media chosen and the interpretation 
of the results require experience and a knowledge of the technology of 
the product. 

From the public health and also from the cleaning and sterilizing points 
of view, the most useful tests are those for (i) total counts (blood agar), (ii) 
coli-aerogenes bacteria, (iii) staphylococci and (iv) Clostridium, but the 
interpretation of the results involves technology as well as training in public 
health bacteriology. Presumptive counts are quite adequate for control 
purposes. It is not necessary to confirm by more detailed tests (faecal coli 
type, coagulase production, etc.) except where these are required for some 
reason. Such organisms should not be present in dairy products (cf. Tables 10, 
15 and 25.) 
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D. Toxigenic Staphylococci 

The widespread use of antibiotics to combat bovine mastitis (p. 131) has 
greatly increased the incidence of mastitis cases due to staphylococci. Con-
sequently, milk in general is now more likely to contain the food-poisoning 
type of staphylococci, which constitute a proportion of those present.858 

Coagulase-positive Staph. aureus (CPS) grows very slowly at 10°C and dies 
off at 5°C859 Provided that milk and its products are kept below 10°C food 
poisoning from this source is most unlikely. The dairy products most at 
danger in this respect are cheese and spray dried milk powder. 

Although food-poisoning from milk, cream, etc. has decreased since the 
introduction of pasteurization, there appear to be lelatively more cases of 
staphylococcal food poisoning from milk and dairy products860 and from 
foods in general.861 Pasteurization of milk below the legal requirements (as 
for cheesemaking) may permit survival of coagulase-positive staphylococci 
(CPS), and if the starter is slow or weak the staphylococci may proliferate 
rapidly at the temperatures of cheesemaking (30-40°C). Acid-producing 
organisms have a restraining influence on staphylococci.862 

The chances of cheese causing food poisoning depend on a number of 
factors and especially on the efficiency of pasteurization, the activity of 
starter and the type of cheese. 

Staphylococci are among the most heat-resistant of the types killed by 
pasteurization, and can grow rapidly in warm milk in the absence of vigorous 
acid-producing types.862»863 Staphylococcal food poisoning is thus favoured 
by sub-optimal pasteurization and a slow starter. 

Such cheeses are nearly always below first grade, high in moisture and of 
low acidity. The pH value of a Cheddar cheese is thus a useful property to 
consider in cases of suspected food poisoning. The normal range is from 
4-9 at making to 5-5 at 6 months. With slow starter the values may be 0-2-0-3 
higher than these (Table 46). 

If dangerous numbers (over 10,000 per ml) of CPS are present, they will 
be readily detected. Difficulties arise with such foods as cheese and milk 
powder,864 which may have a keeping quality of several months, because 
they may be consumed when 6 or even 12 months old and cause staphylo-
coccal food poisoning because the toxin persists although most of the organ-
isms may have died. Thus Cheddar cheese about 12 months old may yield 
only about 100 CPS per gram although producing serious outbreaks of 
characteristic staphylococcal food poisoning865 (see data on the longevity 
of staphylococci in cheese866). 

Food poisoning from cheese has been a matter of concern in some countries 
and recently legislation has been introduced, making it compulsory to give a 
full legal pasteurization (71°C for 15 sec) to cheese milk where formerly it 
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was the practice to give sub-optimal treatment in order to enhance flavour 
production. 

Food-poisoning from highly acid foods (pH 5 and lower) which remain 
acid is almost unknown, and well-made cheese are rarely the cause of this 
trouble. Typhoid, paratyphoid and coli bacteria are steadily destroyed by 
the acidity of correctly made ripened soft cheese. The numbers of staphylo-
cocci are reduced, but Br. abortus can survive. When insufficient acidity 
develops, all these types survive. In tests on cheese and other foods suspected 
of causing food poisoning, parallel tests (of all the types used) should always 
be made on a known normal food of the same type and age. This not only 
automatically gives a check on techniques, but will bring out various types 
of differences (physical, chemical and bacteriological) between the suspect 
and normal food (Table 46). 

TABLE 46. Examination of samples of ripened Cheddar cheese 

Cheese causing 
Normal food poisoning 

Viable CPS counts/g Usually < 1000 Up to many millions 
pH value 5-4 5-7 
Moisture (%) 36 38 

In any discussion of microbiological standards for cheese or other foods 
of long keeping quality, consideration must always be given to the age of the 
food. Public health officials may adopt working standards for such foods as 
cheese and milk powder, but for toxin-producing organisms, as distinct from 
infective types such as Salmonella, the viable count may be quite misleading. 
A cheese may give a count of many millions of staphylococci per gram after 
1 month and only a small number after 1 year. To adopt a firm standard of 
say 10,000 would mean that a high proportion of safe cheese might be con-
demned if tested at 1 month, and a high proportion of dangerous cheese 
might be passed as safe after 1 year. If a numerical standard is used for 
control purposes, it should be adjusted according to the age of the cheese 
when examined. 

£. Technique Aspects 

Unfortunately, there is no simple test for the toxin but if the staphylococci 
are coagulase-positive (CPS) there is a high probability that they also pro-
duce toxin.867 Methods have been given for detecting CPS,5» 868_7° especially 
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in cheese.621» 860> 87i-4 Tellurite-polymyxin-egg yolk agarg75 was in general 
found to be the best of five media tried for the enumeration of coagulase-
positive staphylococci in foods. Of 404 strains of coagulase-positive in a 
total of 775 staphylococci isolated from raw milk, 96% produced a deep 
orange pigment and 92% fermented mannitol.876 

Gel diffusion methods have been developed for the assay of staphylococcal 
enterotoxins A and B in various types of milk and milk products.877 These 
have been shown to be capable of detecting concentrations as low as 1 ppm, 
and with concentration methods as low as 0-02 ppm. A similar sensitivity 
has been obtained in the examination of cheese. 877 

F. Brucellosis 

Contagious abortion in dairy cattle and undulant fever in man are caused 
by closely related or identical organisms, and the human disease is commonly 
derived from the drinking of raw milk. A substantial proportion of herd 
milks may contain the organism and there are probably more cases of the 
human disease than are recognized as such.4^, 878 Eradication methods have 
been detailed. «79 

G. Q Fever 
Q fever, caused by Rickettsia burneti, is due to direct contact with raw 

milk and still occurs sporadically in many countries. 

H. Milk Dispensers in Catering Establishments 

A survey880 has been published of the hygienic quality of milk dispensers 
in England, based on a 6-7 hour méthylène blue test (p. 78) and a psychro-
philic count (p. 49). Poor hygienic quality appeared to be due to unsatis-
factory sanitation of the dispensers. 
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