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for agricultural and biological engineers (ABEs). The book series offers
high-quality reference and academic content on agricultural and biological
engineering (ABE) that is accessible to academicians, researchers, scientists,
university faculty and university-level students, and professionals around the
world.

Agricultural and biological engineers ensure that the world has the necessities
of life, including safe and plentiful food, clean air and water, renewable fuel
and energy, safe working conditions, and a healthy environment by employing
knowledge and expertise of the sciences, both pure and applied, and engineering
principles. Biological engineering applies engineering practices to problems
and opportunities presented by living things and the natural environment in
agriculture.

ABE embraces a variety of the following specialty areas (<asabe.org>):
aquaculture engineering, biological engineering, energy, farm machinery and
power engineering, food, and process engineering, forest engineering, infor-
mation, and electrical technologies, soil, and water conservation engineering,
natural resources engineering, nursery, and greenhouse engineering, safety,
and health, and structures and environment.

For this book series, we welcome chapters on the following specialty
areas (but not limited to):

* Academia to industry to end-user loop in agricultural engineering;
* Agricultural mechanization;

* Aquaculture engineering;

* Biological engineering in agriculture;
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» Biotechnology applications in agricultural engineering;

* Energy source engineering;

» Farm to fork technologies in agriculture;

» Food and bioprocess engineering;

» Forest engineering;

* GPS and remote sensing potential in agricultural engineering;

» Hill land agriculture;

* Human factors in engineering;

» Impact of global warming and climatic change on agriculture economy;

» Information and electrical technologies;

» Irrigation and drainage engineering;

» Nanotechnology applications in agricultural engineering;

» Natural resources engineering;

» Nursery and greenhouse engineering;

» Potential of phytochemicals from agricultural and wild plants for
human health;

* Power systems and machinery design;

* Robot engineering and drones in agriculture;

* Rural electrification;

» Sanitary engineering;

» Simulation and computer modeling;

* Smart engineering applications in agriculture;

* Soil and water engineering;

* Micro-irrigation engineering;

» Structures and environment engineering;

» Waste management and recycling;

* Any other focus areas.

For more information on this series, readers may contact:

Megh R. Goyal, PhD, PE
Book Series Senior Editor-in-Chief: Innovations in Agricultural and
Biological Engineering
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PREFACE

Milk is a complete food that principally comprises water, milk fat, proteins,
carbohydrate (lactose), and salts (minerals). Apart from these primary
components, milk contains trace amounts of pigments, enzymes, vitamins,
phospholipids, and gases. It is a highly nutritious medium, and the low acidity
in milk provides a favorable environment for growth of pathogenic and
spoilage causing organisms. For inactivating or killing these organisms and
elongating the shelf life of milk products, it is necessary to substitute various
types of thermal and nonthermal treatments. However, these treatments not
only guarantee the safety of milk and milk products microbiologically, but
simultaneously also cause changes in the nutritional quality, physicochem-
istry composition reactions, and formation of numerous types of components.

This book consists of four parts; Part 1: Milk and Milk Products:
Constituents and Chemistry; Part 2: Physicochemical Properties of Milk
and Milk Products; Part 3: Therapeutic Characteristics of Milk and Milk
Products; Part 4: Processing and Characterization of Milk and Milk
Products.

This book assumes a sound knowledge of raw milk composition, mineral
constituents in milk, and manufacturing processes of butter and ice cream. It
covers the physicochemical changes and compositional changes occurring
during manufacturing and storage of milk, concentrated milk, butter,
butter oil, and ice cream. This volume also encompasses the therapeutic
characteristics of fermented milk and milk products, milk-derived bioactive
peptides, and potential aspects of whey proteins in dairy products.
Specialized methods like proteolysis in ultra high temperature (UHT), heat
and acid coagulation of milk products, processing and characteristics of dry
dairy milk powders, and methods to monitor pesticide residues in milk and
milk products have also been elaborated on.

The book is intended for undergraduate and junior postgraduate students
and be valuable for dairy science teaching staff, researchers, and industrial
personnel interested in theoretical and practical knowledge of changes in
physicochemical and compositional properties and heat-induced changes
that occur during manufacturing and storage of dairy products, not just in
improving the quality and performance of dairy products but also in a much
wider context.
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We hope that the book will answer some of the concerns raised by the
readers regarding the chemistry of milk and milk products as well as pique
their interest in learning more about these topics.

—Editors
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CHAPTER 1

CHEMISTRY OF RAW MILK:
COMPOSITION, DISTRIBUTION, AND
FACTORS

SUVARTAN G. RANVIR, ANKITA HOODA, AARTHY BOSE, and
HARISH KUMAR

ABSTRACT

Generally, milk consists of 85-89% water, 2.5-6.0% fat, 2.9-5.0% protein,
3.6-5.5% lactose, and 0.6-0.9% minerals. The composition of raw milk
depends on the species, breed, feed of animals, stage of lactation, number of
parturitions, age of animal, health, the interval of milking, physical environ-
ment, and season. The major constituents of milk are interdependent with each
other. Lactose chlorides and sodium ions contribute together for maintaining
the osmotic pressure. Fat is an independent parameter, which changes with
animal species, genetic, period of lactation, feed, an interval of feed, etc.

1.1 INTRODUCTION

All female mammalian species can secrete milk after giving birth to the
newborn. The basic purpose of milk secretion is to supply the newborn
neonate with immunity and nutrition.*” The constituents of milk whether
present in large or small quantities are responsible for these functions. The
physiological immunological and nutritional necessities of all species vary
significantly and hence the composition of milk secreted is different for
each species.'>! The milk that is consumed by the human being consists of
milk by cow, buffalo, sheep, and goat. Milk provides nearly all nutritional

The Chemistry of Milk and Milk Products: Physicochemical Properties, Therapeutic Characteristics,
and Processing Methods. Megh R. Goyal, Suvartan Ranvir, & Junaid Ahmad Malik (Eds.)
© 2024 Apple Academic Press, Inc. Co-published with CRC Press (Taylor & Francis)



4 The Chemistry of Milk and Milk Products

components, which are needed for growth and development. Milk is a
good source of milk fat, carbohydrate (lactose), protein, minerals, vitamin,
and enzymes. However, milk is poor source of vitamin C and vitamin D.*
Generally, milk is defined as a lacteal and biological secretion with a purpose
to meet nutritional and immunological necessities of the newborn infant. 4

The composition of milk not only varies among the species but also
between the species depending on the individuality of animal, breed, health,
age, lactation stage, climatic conditions, milking interval, etc.*' A linear
correlation among the protein concentration of milk and rate of growth of
neonates has been reviewed by Benhart,® who reported that logarithm of days
to double birth weight newborn is linearly related to the calories derived
from protein. For example, it takes a human baby 120-180 days to double
the birth weight and has 7% of calories coming from milk protein only; on
the other hand, carnivores that take 7 days to double the body weight have
>30% of energy coming from protein. Mother milk for human infants is the
ideal food. Although cow, buffalo, and goat milk can be suitable replacement
to feed newborns. Even the diet of human adults can be supplemented by
milk of these species.?>*®

This chapter focuses on milk constituents and various factors affecting the
gross composition of milk.

1.2 GROSS COMPOSITION OF MILK

There are four broad categories of constituents? in the milk:

* Specific for organ and species: lipids and proteins.

» Specific for organ but not for species: milk carbohydrate.

» Specific for species but not for organ: some of the milk proteins.
» Neither species nor organ specific: vitamin, minerals, and water.

Milk comprises on an average of 87% water content, 3.9% fat content,
4.9% lactose content, 3.5% protein content, and 0.7% of minerals and miscel-
laneous components.?>?*3 The gross composition of milk among species is
presented in Table 1.1.

The advent of calving is concomitant and stimulus with biosynthesis
and secretion of milk, a biological phenomenon triggered by lactogenic
hormones. For the first few days after parturition, mammary glands secret, a
fluid known as colostrum, which has a bitter taste, strong odor, faint reddish
yellow color and contain a higher percentage of immunoglobulin. It is a rich
source of all milk constituents except lactose, potassium, and pantothenic
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acid. Gradual changes from colostrum to normal milk are summarized in
Table 1.2.24¥

TABLE 1.1  Gross Composition of Milk (%) of Different Species.

Species Water Protein Fat Ash Lactose
Buffalo 82-84 33-3.6 7.0-11.5 0.8-0.9 4.5-5.0

Camel 8688 3.0-3.9 2.9-54 0.6-0.9 33

Cow 85-87 3.2-3.8 3.744 0.7-0.8 4.8-4.9

Goat 87-88 2.9-3.7 4.0-4.5 0.8-0.9 3.6-4.2

Human 88-89 1.1-1.3 3.34.7 0.2-0.3 6.8-7.0

Sheep 79-82 5.6-6.7 6.9-8.6 0.9-0.1 4.3-4.8

Source: Jilo et al.>*

TABLE 1.2 Transition from Colostrum to Normal Milk.

Time after Fat (%) Total Total Albumin Casein  Lactose Ash (%)
calving (h) solids (%) protein (%) (%) (%) (%)

0 5.10 26.20 17.5 11.34 5.08 2.19 1.01

6 6.85 20.46 10.0 6.30 3.51 2.71 0.90

12 3.80 14.53 6.05 2.96 3.00 3.71 0.89

36 3.55 12.22 3.98 1.03 2.77 3.97 0.84

72 3.10 11.86 3.86 0.97 2.70 437 0.84

120 3.75 12.67 3.86 0.87 2.68 4.76 0.85

Source: Fundamental of Dairy Chemistry;®* and Puppel et al.*

1.2.1 WATER

Water is called as silent nutrient.' Our body requires about 68 glasses of water
daily for proper hydration of body. Water is the major constituent of milk in
various species; and other various components are dissolved and emulsified
into the water medium.*® The solutes that are dissolved to a strength of 0.3 M
contribute to depression in freezing point (by about 0.54°C).'® Some amount
of water is present in a bound form to protein and fat globule membranes and
this water does not dissolve small ions and molecules. Milk contains about
87% of water and it is well source of water in diet. Water does not provide
any energy as is done by fats, proteins, and carbohydrates; but it is most
important for human metabolism. Water is also necessary for transporting
many types of nutrients to organs and tissues.?>¢:¢



6 The Chemistry of Milk and Milk Products

1.2.2 LIPIDS

The dietary fat provides energy for the newborn infant; and the amount of fat
percentage secretion in milk by any species is dependent on the requirement
of energy for survival of animals in cold environments.*! Milk lipids are
the source of essential fatty acids and fat-soluble vitamins (such as retinol,
calciferol, tocopherol, and phytomenadione, and these are denoted by A, D, E,
and K, respectively). Milk lipids principally contribute to improve the flavor
and rheological characteristics of milk products.*® Fatty acids are precursors
of many types of flavoring compounds, such as, lactones and methyl ketones
in some manufacturing processes.* On the other hand, lipids may also cause
off-flavor because of hydrolysis or oxidation of lipid molecules (hydrolytic
and oxidative rancidity).*

The milk fat consists of substances extractable by different methods, such
as, simple extraction by a nonpolar solvent like chloroform, ether, and efficient
method Rose—Gottlieb,*® which uses solvents, i.e., ethanol, ammonium
hydroxide, petroleum ether, and diethyl ether. The most common laboratory
method to determine milk fat content is that of Gerber and Babcock,? in
which sulfuric acid is used to release the fat. Milk fat mostly comprises of
triglycerides (98%) and small amounts of mono and di-glycerides, fatty
acids, phospholipids, sterols, and hydrocarbons.’ The milk fat exists in the
form of globules with diameter from 0.2 to 22 pum. This size distribution is
affected by species, breed, age, stage of lactation, etc.**

1.2.3 CARBOHYDRATES

The major carbohydrate in milk is lactose and trace quantities of other
carbohydrates (such as, glucose, fructose, galactosamine, glucosamine), and
N-acetyl neuraminic acid.® The concentration of lactose varies with animal
breed, individual animal, stage of lactation and udder disease, etc.*' During
lactation, the content of lactose significantly decreases.!” In contrast during
early lactation, protein and lipids decrease, while there is an increase during
the second half of lactation. The content of lipids and proteins in milk can be
inversely proportional to the amount of lactose content.?!?3

Lactose and lipids are chief sources of energy in milk, where more energy is
provided by lipids as compared with lactose content.*! When animal is suffering
from mastitis, the level of NaCl in milk is increased, which causes a depressed
secretion of lactose.”” The osmotic pressure in mammary system is maintained
by lactose together with potassium (K), sodium (Na), and chloride (Cl) ions,*’



Chemistry of Raw Milk: Composition, Distribution 7

and any variation in lactose percentage. The milks of breeds and species that have
higher lactose content would therefore have lower ash concentration and vice
versa. The percentage of lactose and chloride in milk are also inversely related to
milk secreted by udder-infected animals. The Koestler’s chloride lactose test is
used for identification of udder-infected milk* using following equation:

Koestler Number = 100 x [(Chloride %)/(Lactose %)] (1)

Kosteler number of <2 and >3 indicates normal and abnormal milk, respectively.

1.2.4 PROTEINS

Bovine milk consists of 3.5% protein, which varies throughout the lactation.
The milk proteins provide energy, essential amino acids, antimicrobial, and
immune-boosting milk proteins (i.e., lactoferrin and immunoglobulin) to the
newborn neonate.!' The young ones have different requirements according
to stage of maturity and hence this phenomenon is reflected in protein
percentage of milk, which varies from 1 to 20%. The higher is the protein
content, more is the rate of body growth.>’

The milk protein consists of several classes of polypeptides. The major
group is called caseins, which comprise of four kinds of polypeptides
(namely: as, as,, B, and K-casein), which further have their genetic variants,
post-transitional modificants, and proteolysis products.® Casein exists in
milk in the form of colloidal-calcium-phosphate, and in the form of micelles
of 20-300 nm size. The next significant milk proteins are a-lactalbumin,
B-lactoglobulin, blood serum albumin, and immunoglobulin and they are
collectively known as whey protein.®!

The classic method of milk protein determination is Kjeldahl analysis
for Nitrogen determination.’* The observed value is multiplied by 6.38 (as
15.67% of N is in milk protein) to get the value of total protein. The classical
method of milk fractionation includes precipitation at pH of 4.6 to separate
casein in precipitate, whereas whey protein in supernatant. All proteins
can be precipitated by using an aliquot of 12% (w/v) trichloroacetic acid
concentration. '

1.2.5 MINERALS

The amount of noncombustible matter in milk is designated as the ash
content of milk. The normal value for ash content in milk is about 0.7%. The
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value of ash content is slightly increased in abnormal milk, such as, mastitis.
Important minerals present in milk (Table 1.3) are calcium, magnesium,
potassium, sodium, phosphorus, chloride, sulfur, and citrate.!*16223¢

TABLE 1.3 Minerals Composition of Milk.

Constituent Concentration
Range (mg/L) Mean value (mg/L)

Calcium (Ca) 1000-1400 1000-1400
Carbonate - 200
Chloride (C1) 800-1400 1000
Citrate 1750
Inorganic phosphorus - 750
Magnesium (Mg) 100-150 130
Phosphorus total 750-1100 950
Potassium (K) 1350-1550 1450
Sulfate (SO,) - 100

Source: Dairy Chemistry and Biochemistry;'
Guetouache et al.;'® and Tamime et al.>®

1.2.6 VITAMINS

Vitamins are classified as fat-soluble and water-soluble. Fat-soluble vitamins
are retinol, calciferol, tocopherol, and phytomenadione, whereas water-
soluble vitamins are B complex and ascorbic acid. Milk is a good source of
vitamins except vitamin K (phytomenadione) and vitamin C. Vitamin E is
the natural antioxidant, while vitamin B acts as coenzyme and is important
in many enzymes catalyzed reaction. Vitamin A is required for development
and growth, deficiency of vitamin A causes serious problem such as night
blindness.!*#23¢4 Comparative vitamin content in cow, buffalo, goat, and
sheep milk is summarized in Table 1.4.

1.3 FACTORS AFFECTING COMPOSITION OF MILK

Composition of milk is not constant, and it varies depending on two major
classes of factors: (1) animal factors (e.g., species, breed, different quarters
of the udders, lactation period feed and nutritional level, disease, age of
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the animal, gestation, and hormones); and (2) environmental factors (e.g.,
milking interval, milking efficiency, season, exercise and excitement).

TABLE 1.4 Vitamin Content in Buffalo, Cow, Goat, and Sheep Milk (mg/100 g).

Vitamins Buffalo milk Cow milk Sheep milk Goat milk
Ascorbic Acid 2.5 0.09 4.16 1.29
Biotin 13 2.0 0.93 1.5
Calciferol 2.0 2.0 1.18 133
Cyanocobalamin 0.40 0.45 0.712 0.665
Niacin 0.17 0.09 0.416 0.27
Pantothenic acid 0.15 0.37 0.408 0.31
Pyridoxal 0.33 0.04 0.08 0.046
Retinol 69 46 146 185
Riboflavin 0.11 0.17 0.37 0.21
Thiamine 0.05 0.05 0.08 0.068
Tocopherol 0.19 0.21 - 0.03

Source: Khan et al.>

1.3.1 SPECIES

The changes in composition of milk in different species depend on so many
other factors so that it is difficult to identify a specific factor liable for changes
in gross composition of milk. Although every species milk composition
is naturally planned to supply enough nutrition for natural rate of growth,
which is an inherited trait of newborn mammals for the species.?*3¢

Rapid growth rate of animal is required more the concentrated milk
components for this growth. Milk from all mammals is very different
especially based on protein, fat, and lactose contents. Protein constituents
principally contribute for doubling the birth weight of newborn mammals.?>*
Protein content of rabbit milk contains very high amount of protein
percentage, so that rapid newborn babies take very less time for doubling
the birth weight. While human milk contains very low amount of protein
because human baby doubling birth weight is very slow as compared with
other mammals.?® Apart from this, human milk looks as waterier (thinner) as
compared with cow and buffalo milks because it contains less amount of fat
and solid nonfat (SNF). While buffalo milk looks thicker as compared with
human milk and cow milk because it contains higher amount of fat and SNF
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content.”>** Comparison of protein contents and time required for doubling
body weight by newborn of mammals is given in Table 1.5.

TABLE 1.5 Development of the Newborn Babies in Relation to Protein (%) in Mother Milk.

Species Protein % in milk Time (days) required to double the birth weight
Cat 7 9.2

Cow 3.5 47

Human 1.6 180

Pig 5.21 14

Rabbit 10.38 6

Sheep 4.80 15

Source: Textbook of Dairy Chemistry>®

1.3.2 BREED

The compositional variation in milk is strongly dependent on the type of breed.
The change in fat is more pronounced among different breeds of animals,
while other constituents are also slightly changed. It has been reported that
as the fat percentage is increased then SNF content is also increased and
vice versa.'®!>#! Many comparative research studies on variation in gross
composition milk have been carried out for different breeds. The available
data is very wide because it is very difficult to get all the information that
could lead to correct appreciation of the precise extent of impact by breeds.
The data on the composition of milk for different breed milks are summarized
in Tables 1.6-1.8.

TABLE 1.6 Differences in Milk Composition (%) among Different Breeds.

Component Animal breed

of milk Jersey Friesian  Short Horn Ayrshire Guernsey Red Poll
Fat 5.14 3.45 3.03 3.85 4.96 4.24
Lactose 5.04 4.65 4.89 5.02 4.98 4.77
Mineral 0.75 0.68 0.73 0.69 0.75 0.72
Protein 3.80 3.15 3.32 3.34 3.84 3.70
Solid nonfat 9.59 8,48 8.94 9.05 9.57 13.28
Water 85.27 88.01 87.43 87.10 85.47 86.72

Source: Textbook of Dairy Chemistry;* Dairy Chemistry and Animal Nutrition®’; Alphonsus
etal.?



