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Properties and Composition of Milk Products*
INTRODUCTION

Raw milk is a unique agricultural commodity. It contains
emylsified globular 1ipids and colloidally-dispersed proteins
that may be esasiiy modified, concentrated, or separated in rela-
tively pure form from lactose and various salts that are in true
solution. With these physfca1—chemica1 properties, an array of
milk products and dairy-derived functional food ingredients has
been developed and manufactured. Some, mentioned in the first
chapter, like cheese, butter, and certain Termented dairy foods,
were developed in antiquity. Other diary foods like nonfat dry
milk, ice cream, casein, and whey derivatives are relatively re-
cent products of science and technology. This chapter describes
and explains the composition of traditional milk products as well
as some of the more recently developed or modified milk products
designed to be competitive in the modern food industry.

Although many newly developed dairy products have been re-
ported from research laboratories around the world, only those cur-
rently on the market are discussed here. For additional infor-
mation on recent world-wide developments in the manufacture of
new and modified dairy products, see the proceedings of ths 20th

International Dairy Congress (1978).

*Revised from Chapter 2 in the second edition by R, E. Hargrove
and J. A, Alford (1974).
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Milk products are manufactured from fluid milk by various
methods: 1. By removing an appreciable amount of water, as in
condensed and evaporated milk or dry milk powder, 2. By removing
one or more natural constituents and concentrating the remaining
material, as in butter and nonfat dry miik. 3. By altering the
natural constitutents by bacterial or chemical action, as in
cheese or fermented foods. In most cheeses the casein/fat ratio
remains essentially the same in the cheese as that of milk while
lactose disappears, 4. By blending milk and milk products with
sugar, flavoring agents, and stabilizers to make ice cream and
ice milk.

Traditional dairy products are fairly common throughout the
world and their compositions are basically the same from one coun-
try to another. International standards proposed by the Inter-
national Dairy Federation, the Food and Agriculture Organization
of the United Nations, and VYorld Health Organization have done
much to standardize dairy products throughout the world. Some
dairy foods, certain fermented milks and cheeses, are indigenous
to particular countries or areas of the world. In the United
States the composition of most diary products is requlated by
federal and state standards (USDA. 1981B}. In instances where
there are no federal standards regulating interstate commerce for

a particular product, state standards prevail. Typical chemical
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analyses of dairy foods are given in Tables 2.2 through 2.8.
Table 2.1 shows the approximate percentages of the total
milk supply used for various products in the United States and
nine major milk producing countries. In such countries as New
Zealand and Ireland, where per capita production of milk is high,
the major share of milk goes into storable manufactured products
tike butter, cheese, and nonfat dry milk. Uhere per capita pro-
duction is low like:in United States and United Kingdom, greater

amounts are used as fluid milk and creams.

FLUID MILKS AND CREAMS

Milk.and milk products purchased by the consumer in liquid
or semi-1iquid form generally are classified as fluid milk or
cream. Fluid milks include all of the plain milk products with
fat contents varying from whole to skim milk as well as flavored
and fermented milks. Creams include products varying in fat con-
tent from half and half to heavy whipping cream to fermented sour
cream. Products from each category are described briefly with
information on each composition,

In the United States, composition of fluid milk products and
cream is regulated primarily by state and federal standards. See
Table 2.2 for these legal standards. Sanitary quality is regu-

lated by sanitary codes established by states and Tocal health
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departments. The basis for most U.S. codes is the Grade A Pasteu-
rized Milk Ordinances published by the U.S. Department of Health
and llelfare Public Health Service (1978) and recomménded to states
and local health agencies for legal adoption. The recommended
ordinance also regulates Grade A milk and milk products in inter-
state commerce. Approximately 40% of the milk produced in the

United States is consumed as fluid milk and creams (Table 2.1).

PLAIN MILKS
Fresh raw milk that complies with sanitary standards for con-
sumption as fluid milk or cream is usually clarified, standardized

to a certain fat test, or separated into cream and skim milk.

Whole Milk

Most fluid milk is consumed in the form of pasteurized-homo-
genized vitamin D-fortified whole milk. After standardization of
the milkfat, which may vary from 3.0 to 3.8% (usually 3.25% in the
United States), the milk is pasteurized, homogenized, packaged,
and stored under refrigeration until sold., Its shelf life, as
well as that of most other fluid milk products, is 10 to 14 days.
Milk solids-not-fat content of 8.25% is required by most states

in the U.S. as well as in most other countries.

Lowfat Milks

Per capita consumption of lowfat and skim milk has increased
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Table 2.2
U. S. Fedaral Standards for fluid milk products (FDA. 1981A; USDA, 1981B).

e ———

MiTkfat Soiids T5 Vit A Vit D Stabilizer
Min & Max & Mink Max % IUfqt IU/qt % Min % Max Mini

Whole milk 3.25 §.28 2000« 4002,d

Lowfat milk 0.5 2.0 8.2% 2000 4002

Skim miTk <0.5 8.25 2000 400°°3

Acidified milk® 3.25 8.25 2000° ag0? 0.5
Cultured milk 3.25 8.25 20002 400° 0.5
Acidified skim milk®  <0.5 8.25 2000% 400% 0.5
Cultured skim milk  <0.5 8.25 2000°  400° 0.5
Yogurt 3.25 8,25 0.3
Lowfat yogurt 0.5 2.0 8.25 0.9
Nonfzt yogurt 0.5 8.2 0.s
Egg nog” §.0 8.25

Light cream 18.0 30.0

Light whipping cream 230.0 36.0

Heavy 3.0 <36.0

Sour cream’ 18.0 0.1 0.5

Acidified sour cream 180 0.1 3.5

Half and half 10.5 18.0

Sour half and half 10.5 18.0 0.5
(Acidified sour half 10.5  18.0 0.5
and half)

1Expressed as lactic,
Optional, but when added, not less thanm guantity shown.

3Quantity shown is amount specified when added. Federal Tabeling Taws must be
followed.

4Centa'ins cne or more optional acidifying ingredients, Adipic acid, zitric acid,
fumaric acid, glucono-delta lactone, hydrochloric acid, lactic acid, malic acid,
phosphoric acid, succinic acid, and tartaric acid.

5Not Tess than 1% egg yoTk solids.

6If sweetener or flavoring is added, the weight of milkfat is not >18%; never <14.4%
milkfat.
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substantially over the past decade. In the U.S. it represented
almost 30% of total fluid milk consumed in 1980. Milk with the
fat content reduced belw that of whole milk falls into the genc-
ral classification of lowfat or skim milk, Most lowfat milks con-
tain a designated amount of fat between 0.5 and 2.5%, frequently

1 to 2% additional milk solids, with vitamin D often added. The
milk is pasteurized, homogenized, packaged, and refrigerated until
sold. In the United States mast states allow lowfat milks with
fat contents of 0.5, 1.0, 1.5, or 2.0% but require that the per-

centage be shown on the label.

Skim Milk

After all or most of the milkfat is removed from whole milk
by continuous centrifugal separation, the resulting skim milk is
fortified with 2000 USP units of vitamin A per guart and often
with additional milk solids and vitamins, then pasteurized,
packaged, and refrigerated until sold. The addition of vitamin [
is optional but when added must be not less than 400 USP units per

quart and this must be shown on the label,

Low-sodium Milk {Hargrove and Alford. 1974).
Low-sodium milk is available in some areas as a specialty
products for consumers who require low~sodium foods. It is pro-

duced by passing normal milk over an ion-exchange resin which
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replaces the sodium of the milk with potassium. The normal sodium
content of milk is reduced from 50 mg/10C ml1 to approximately 3

mg/100 ml; other components of milk remain essentially the same.

UHT Sterile Milk

Rapid increases in production and sales of sterile, fluid
milk in Europe and its entry into new markets around the world
merit its consideration in this chapter. Although the gross com-
position of UHT sterile, aseptically-packaged milk is essentially
the same as its pasteurized counterpart, differences in its pro-
perties and minor constituents should be mentioned.

UHT milk differs from pasteurized milk mainly in the heat
treatment employed for sterilization. Usually UHT milk is heated
to 130° to 150°C for 2 to 8 seconds, then is aseptically packaged.
In the final heating stage, steam is injected directly into the
milk, or milk is infused into a steam chamber followed by a flash
evaporation to remove added water (steam). An alternate proce-
dure, the "indirect" method, involves heating the milk across a
stainless steel barrier with high pressure steam as the heating
media (Mehta. 1980).

Probably the most important difference between UHT and pas-
teurized milk is flavor, UHT milk has an intense cooked flavor

immediately after processing that dissipates in about one week;
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a stale flavor develops 3 to 4 weeks after the milk is processed
and gets progressively worse. lot all researchers agree on the in-
tensity and significance of the flavor of UHT (Anon. 1981C), and
the many factors that influence it (Mehta 1980).

The other difference that has been observed is some alteration
in minor chemical and bicchemical compoﬁents. Burton (1969) re-
ported that, in general, vitamins are more stable under UHT pro-
cessing than with pasteurization; however, UET milk loses signifi-
cant amounts of riboflavin and ascorbic acid during prolonged
storage (Hlehta 1980). Although free calcium is redﬁced, the avail-
ability of calcium does not change in UHT milk processed by the
indirect method {Mehta 198Q), according to Hansen and lMelo (1977)
cysteine and cystine (as cysteic acid), and methionine concentrat-
ions were reduced by about 34% by UHT processing (Aboshana and
Hansen 1977)., There is a decrease in the chemically available
lysine is whey protein by <10% and in an insignificant difference
of available lysine in casein protein by UHT processing (Douglas
et al. 1981). However, a study in Holland reported that 200 chil-
dren drinking UHT milk gained 7 g more per day than 200 drinking
pasteurized milk. Also, the normal weight loss immediately after
birth was regained sooner by the UHT-fed infants (Anon. 1879A}.

For additional information on chemical and biochemical changes
associated with UHT sterile milk or the processing procedures, the

reviews by Burton (1969, 1977) and Mehta (1280) are recommended.
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A ruling by the U.S. Food and Drug Administration to approve
the use of hydrogen peroxide and heat as sterilizing agents for
aseptic packaging has encouraged some U.S. dairy companies to
enter the UHT market (Anon. 19818). Resistance ameng other dairy
industry leaders to make this investment stems from a concern with
regard to flavor stability, economics, and package size (liter

size containers) of UHT milk.

FLAVORED FLUID MILK PRODUCTS

Fluid milk and fluid milk products may be flavored with such
ingredients as chocolate, vanilla, eqgnog, and fruit juices. In
the United States all of the previously described fluid milk pro-
ducts (milk, lowfat milk, and skim milk) may be flavored. Charac-
teristic flavoring ingredients such as fruit and fruit juices,
natural and artificial food flavorings with or without coloring,
nutritive sweetners, emulsifiers, and stabilizers may be added as
optional ingredients (FDA. 1881A).

The most popular flavored milk or milk drink in the United
States is chocolate milk or chocolate lTowfat milk. Typically,
chocolate milk contains about 1% cocoa, 6% sucrose, 0.2% stabili-
zer such as a vegetable gum, vanilla, and salt, all added to whole
milk, Particular attention must be given to stabilizing the cho-

colate flavoring ingredients against sedimentation.
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Eggnog is a flavored dairy drink with seasonally maximum
sales in November to December in the U.S. It must contain 6%
milk fat and 1% egg yolk, with up to 0.5% stabilizer, and about
7% sugar, Flavorings include nutmeg, cinnamon, vanilla, and rum

concentrate.

FERMENTED ARD ACIDIFIED MILKS

Fermented milks are cultured dairy products manufactured from
wihole, partly skimmed, skim, or slightly concentrated milk. Spe-
cific lactic acid bacteria or food grade acids are required to
develop characteristic flavor and texture of these beverages. Fer-
mented milks are either fluid or semi-fluid in consistency with
various proportions of lactic acid. Fermented products are regqu-
lated by federal standards in the United States as given in Table
2.2. While other fermented milks without federal standards estab-
lished are regulated by state standards. Compositional standards
for fermented milk have been proposed by the International Dairy
Federation {Hargrove and Alford 1974). Typical analyses of
varijous fermented milks as well as their condensed and dried coun-
terparts are given in Table 2.4,

U.S., federal standards have recently been established for
several acidified fluid milk products that simulate such cultured

products as acidified milk, acidified Towfat milk, and acidified
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skim milk (FDA. 1931A).

Acidified milks are made by souring the product, used alone
or in combination with one or more acidifying ingredients, with
or without characterizing microbial organisms added. Specified
acidulants are citric acid, fumaric acid, glucono-delta lactone,
hydrochloric acid, lactic acid, malic acid, phosphoric acid,

succinic acid, and tartaric acid.

suttermilk

Cultured tuttermilk is manufactured by fermenting whole milk,
reconstituted nonfat dry milk, partly skimmed milk or skim milk
with lactic acid bacteria. HMost commercial, cultured huttermilk
is made from skim milk, Mixed strains of lactic streptococcti are
used to produce lactic acid and leuconostocs for characteristic
diacetyl flavor and aroma. Buttermilk is similar to skim milk in
composition, except it contains about 0.9% total acid expressed
as lactic acid. The percentage of Tactose normally in skim milk
is reduced in proportion to the percentage of lactic acid in the
buttermilk. According to White (1973), fat contents usually vary
from 1 to 1.3% and are sometimes in the form of small flakes or
granules, to simulate churned buttermilk, the by-product of but-
ter churning., Usually 0.1% salt is added.

A few U.S. states require buttermilk to be labelled as cul-

tured whole-milk buttermilk with a minimum of 3.5% milkfat or
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cultured lowfat milk with a minimum of 0.5% and maximum of 2,0%
milkfat or cultured skim milk with a maximum of 0.5% milkfat.

When buttermilk is made with low-heat powder, higher solids (10%)
usually are used to give a firmer body with less shrinkage and
less whey separation during storage (White 1978).

A product similar to cultured buttermilk may be prepared by
direct acidification. Food grade acids and acid anydrides are
added to unfermented milk to obtain a product with uniform acidity
and smooth body characteristic. Flavoring materizls are used to
improve the flavor and aroma.

Bulgarian buttermilk is similar to cultured buttermilk except

the whole or partly skimmed milk is fermented by Lactobacillus

bulgarius. With a titratable acidity of 1.2 to 1.5% expressed as

lactic acid, it is more acidic than cultured buttermilk.

Sour Cream

Sour cream is fermented cream that has been soured by lactic
acid bacteria or by adding food grade acids directly. Accordina
to United States federal standards both sour cream and acidified
sour cream must contain not less than 18% milkfat with a titratable
acidity of not less than 0.5% expressed as lactic acid (FDA. 1981A}.
Optional ingredients are used to improve texture, prevent syneresis,

and extend shelf 1ife. Sour cream may contain not more than 0.1%
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sodium citrate, salt, rennet, nutritive sweeteners, flavoring, or
coloring.

It is prepared by mixing milkfat and skim milk, nonfat solids,
and other ingredients. The mix then is pasteurized} homogenized,
cooled to setting temperature, then starter and enzymes are added
and the cream is allowed to ripen. After ripening, it is cooled
for 24 hours before packaging.

In direct acidification, the cream is pasteurized, homogen-
ized, cooled to setting temperature and the food grade acid is
added. Then cream is packaged and the characteristic body is

formed as the product cools in the container (Schanback 1977).

Acidophilus Milk
Acidophilus milk is a sharp, harsh, acidic cultured milk pro-
duced by fermenting whole or skim milk with active cultures of

Lactobacillus acidophilus. Honey, glucose, and tomato juice may

be added as nutrients to stimulate bacterial growth and contribute
flavor. Plain acidophilus milk has the same composition as whole
milk or skim milk except that part of its lactose is converted

from 0.6% to 1% lactic acid by the culture organisms. Speck (1976),

who proposed addition of Lactobacillus acidophilus organism to

pasteurized milk (Sweet Acidophilus !Mi1k), describes the benefi-

cial effects of implanting the organisms in the human intestines.
P g



- 15 -

Sweet acidophilus milk differs from the above in that a high
concentration of viable L. acidophilus organisms is added to cold
pasteurized milk and kept cold. At low storage temperature (4.4°C),
these organisms do not multiply, so the flavor and other properties
of "Sweet Acidophilus" are identical to fresh fluid milk., The
inoculated milk is promoted largely for containing several mil-
Tion viable L. acidophilus per ml.

One of the acidophilus products called "Di-gest" is a pasteu-
rized, homogenized lowfat milk with added L. acidophilus fortified
with vitamins A and D. In the United States an "Acidophilus Yog-
urt"- flavored in the conventional manner also is manufactured.
Denmark markets a culture product consisting of 90% normal yogurt
and 10% acidophilus, and the Soviet Union produces "Biolact,” a
product particularly for children. According to Lang and Lang
(1978), it is made with selected cultures of L. acidophilus orga-
nisms with high proteolytic activity and "antibiotic properties.”

A thick milky white-to-creamy coagulum with a pleasant lactic
odor and refreshing clean aromatic taste is produced in Northern
Bohemia. This product after ripening has organoleptic qualities
similar to kefir. It is produced from two different cultures and
incubation temperatures with these coagula subsequently blended;
one culture of L, acidophilus fermenting milk to produce a thick,
typically sharp, acid-tasting coagulum with an acidity of 1.9 to

2.3% lactic acid; the other culture identified as "strains of
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cream cultures" yields a thick, aromatic coagulum with & Tactic-
acid flavor and acidity of 0.8 to 0.9% lactic acid from a culture
cream. The two coagulated products are mixed one part of the
thick cream culture to nine parts of the acidic L. acidophilus
culture. The similarity of kefir probably occurs because the

ratio of Streptococci to Lactobacilli is similar to that of kefir;

however, the ripening process is simpier (Lang and Lang 1978).

Yoghurt

Yoghurt is a fermented milk product made by culturing whole
or partly defatted milk to which either nonfat dry milk solids or
skim milk concentrates have been added. Its texture may vary from
a rennet-like custard to a creamy, highly viscous ligquid, depend-
ing on the milk solids and fat content. A mixed culture of

Streptococcus thermophilus and Lactobacillus bulgaricus growing

together symbiotically produces its approximately 0.9% lactic acid
and the characteristic yogurt flavor.

Keogh (1970} reported that yogurt-type products (yaaurt,
jugurt, yeart, yaoert, yogurt, yahourt, and yourt) have seen made
for centuries, originating in countries on the eastern llediterra-
nean. Similar products, such as leben of Egypt, iladzoon of Armenia,
and dahi of India, all are fermented by L. bulgaricus and S.
thermophilus. Turkish yoghurt differs only in that a lactose-

fermenting yeast is included in the culture. Interest in yoghurt
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in the United States has been recent. According to Milk Industry
Foundation, Milk Facts (1981), from 1969 to 1979 per capita sales
of yoahsrt in the U.S, increased by 211%, and yochirt now represents
about 1% of fluid milk sales.

Yoghurt-type products in wide variety have found their way to
supermarket shelves. In addition to plain or natural yoghurt, the
following products are marketed in the United States (Tamine and
Deeth 1980):

Fruit yoghurts - both Swiss-style, with fruit, flavoring, and

color uniformly distributed and Sundae-style, with fruit in
the bottom of the cup and yochurton the top.

Pasteurized/UHT yoghurt - heat treated after incubation for

longer shelf life,

Concentrated yoghurt (frozen yoghurt) - resembles either soft

or hard ice cream,
Dried yoghurt - produced by sun, spray, or freeze drying
voghurt.

Low-calorie yoghurt - contains 9% solids-not-fat, 0.1% fat,

and 0.5 - 1% stabilizer.

Low-lactose yoghurt - made with o-D-galactosidase with lactose

hydrolyzed for a sweeter product with no added suaar.

Kefir Cultured Milk

Kefir is a self-carbonated beverage popular in the Soviet
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Union, Poland, Germany, and other European countries in plain and
flavored forms (Kosikowski. 1978B). Made with whole, part skim,
or skim milk, it contains about 1% lactic acid and 1% alcohol.
Kefir exists in various forms: whole-, milk-, cream-, skim milk-,
whey-, acidophilus-, pepsin-, grape-sugar-, and fruit-flavored
kefir, Kefir buttermilk is alkefir-1ike product that contains
less CO, and alcohol than normal kefir.

Basically, kefir is made with the fermenting agent called
"Refir Grains" that consists of casein and gelatinous colonies of
micro-organisms growing together symbiotically. The dominant

microflora of kefir consist of Saccharomyces kefir, Torula kefir,

Lactobacillus caucasicus, Leuconostoc spp. and lactic acid strep-

tococci, The microbial population is 5 to 10% yeast. Often, the
“Kefir Grains" surface is covered with white milk, Geotrichum
candidum, which apparently does not detract much from quality
(Kosikowski. 1978A). Kefir milk differs in composition from the
original milk as some of the lactose is converted to lactic acid,
alcohol, and carbon dioxide. It has a definite yeasty aroma with
limited proteolysis in the milk., The taste of kefir differs
markedly from that of yoghurt (Kosikowski. 1978B). Production of
lactic acid, which in turn is converted to alcohol and COZ’ nay

be reqgulated by the incubation temperature.
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Kumiss

Kumiss (Koumiss, Kymys) is an effervescent, lactic acid-alco-
holic fermented milk, similar to kefir. It originated in the
Asiatic Steppes and is traditionally made from mare's milk. Due
to a shortage of mare's milk, the Soviet Union manufactures Targe
guantities of Kumiss from cow's milk, so it differs somewhat {rom
kefir. According to Keogh (1970) it is enjoying a reputation
comparable to that of ywghurt at the time of Metchinoff. Starter

organisms used for its manufacture are Lactobacillus bulgaricus,

Lactobacillus acidophilus, and Saccharomyces lactis, a lactose-

fermenting yeast. Puhan and Gallman (1980) reported that a modi-
fied Kumys can be made with cow's milk diluted 20 to 25% with whey
or water to adjust the protein concentration to approximately that
of mare's milk; 2 to 3% glucose or sucrose is added and this is
pasteurized at 90 - 96°C, and cooled to 45°C. This modified milk
is fermented at 37°C with 3 to 5% added cujture. Four to eight
hours after 0.5% acid is developed, the milk is cooled, then
stirred at 30°C while 2.5 g of yeast per liter is added. The pro-
duct is incubated 4 to 16 hours according to the alcohol concen-
tration desired. Traditional Kumiss from mare's milk contains
about 2.5% alcohol and approximately 1% lactic acid. Any movement
of the protein particles in milk produces an unstable product be-

cause CO2 escapes during lactic acid fermentation. Unsatisfactory
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fermentation can be improved by hydrolyzing lactose with a g~

galactosidase.

COHCENTRATED FERMEWRTED MILKS

Danish Ymer and Swedish Lactofil are very soft, white, fer-
mented milk-products, smooth and Tight with @ milk aromatic and
acidic flavor, They are made from whole or skim milk and are
used for desserts topped with fruits and in salads and dips.
Ymer and Lactofil are made by fermenting the milk with lactic

acid cultures, including Streptococcos diacetilactis and Leuconos-

toc sp., to form a curd. After coagulating, the curd is cooked
moderately until 55% of the whey is removed. Then cream is

added and the mass is homogenized to & smooth, creamy consistency
before cooling. The products contain 3% fat, 7% protein, and 12%

SNF (Lang and Lang 1970).

FLUID CREAM

Several types of fluid creams are manufactured and soid di-
rectly to consumers. The most significant difference in the creams
is the level of milk fat they contain: from as little as 10% in
half and half to 40% for whipping creams, All commercial creams
are derived from centrifugally separating of the less-dense,

higher-fat products from residual skim milk. Most often cream with



