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Overview of Milk of Non-Bovine
Mammals

Young W. Park and George F.W. Haenlein

1 INTRODUCTION

It has been said that many countries are in the midst
of a cheese revolution (16). A cheese course may
now be part of the final dinner course in many
restaurants, and more food stores and markets are
offering a great variety of fine domestic and import-
ed frommage. This is certainly the situation in
Europe and America, and it is especially the case in
France. During the last 30 years there has been a
reawakening and rediscovery of natural, organic,
farm-fresh, artisanal, and original foods for healthier
and tastier eating. In this reawakening, dairy goats
have also been prominently rediscovered as fitting
well the new interest in healthy foods, especially
goat milk products, cheeses, and yogurt. Dairy goats
have reentered a niche alternative of the dairy indus-
try even in regions in which only dairy cows rule the
market. Worldwide FAO statistics also show enor-
mously increasing numbers of goats during recent
decades (+61% worldwide from 458 million head
in 1980 to 738 million head in 2001) (12, 13) (see
Chapter 2, Table 2.3). Dairy cows and their products
have been synonymous with the concept of the dairy
industry in much of the developed world, in market
places and textbooks for a long time. More than
95% of dairy products have been derived from cow
milk, except in countries of the Mediterranean
basin. Students of dairy science learned mostly only
of cows producing milk products. Archeological
findings from ancient Mesopotamia, Egypt, and
India show the milking mainly of cows and the mak-
ing of butter and cheese (31). Even U.S. regulatory

agencies and State Board of Health authorities had
as their ruling dairy code the definition of milk “as
being derived from cows” until recently.

This situation changed about 30 years ago, espe-
cially in America, and continues to change. Now,
dairy goats have finally become accepted as a legiti-
mate addition to the dairy industry by U.S. state reg-
ulatory authorities. Furthermore, during the last 10
years, dairy sheep have also entered America and
have fast become a new and acceptable part of the
dairy industry. What is a strong tradition in many
Mediterranean countries and other parts of the world
has finally arrived in America. Increased importa-
tion of dairy products from goat and sheep milk,
even buffalo milk, from other countries to satisfy a
growing interest of consumers is integrating with
new domestic production from dairy goats and dairy
sheep. In other parts of the world, more than just
goats and sheep are important or even the principal
milk producers because of steep mountains, deserts
and harsh climate, poverty, economics, and long tra-
dition. Other mammalian species besides cows are
also very significant milk providers, such as camels,
yaks, buffaloes, mares, reindeer, even llamas, and
their contributions must not be overlooked in dairy
science teaching. America has even now one or two
dairy buffalo herds, and one or two commercial
dairy mare herds exist in Europe and America
besides the many in Asia.

Today’s consumers in developing and developed
countries are also more and more sophisticated in
their desire to know about the composition and con-
stituents in dairy products as they relate to human
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4 Chapter 1

health (9, 34). Hardly anybody paid much attention
or knew much about good and bad types of fat and
fatty acids until recently. Today’s nutrition labels on
food products indicate levels not only of protein, fat,
carbohydrates, sodium, calcium, and vitamins but
also of such special ingredients as saturated, unsatu-
rated, omega-3, conjugated, and trans-fatty acids.
This open knowledge leads to interest into ascertain-
ing which dairy products may be superior to others,
and which animal feeding system is best, such as
pasturing versus barn feeding, and which animal
species produces a more suitable or preferable
human food to others. In terms of milk for infants or
sick patients, answers are sought as to which milk is
closest to human milk and best for babies, or which
milk creates fewer allergies, which one is better tol-
erated by people with gastrointestinal ailments, and
which dairy product causes no lactose intolerance
symptoms.

2 MAMMALS IN THE ANIMAL
KINGDOM

The natural law of survival in the animal kingdom is
founded upon the preservation of its offspring. The
highest class of animals evolved with mammary
glands for the nourishment of their young after birth
are called Mammalia (33). The fetus developing in
the placenta of most mammals is born in a more or
less helpless state. Upon birth, the young are nursed
by their mothers with milk, which is a physiologi-
cally and nutritionally balanced secretion of the
mammary gland.

The mammary glands of cows, sheep, goats, deer,
camel, horses, and even whales are located in the
inguinal region; those of primates and elephants are
in the thoracic region, but those of pigs, rodents, and
carnivores are along the ventral surface of the thorax
and abdomen (37). The mammary gland, as with
sebaceous and sweat glands, is a cutaneous gland.
Milk is formed by synthesis and diffusion processes
from the blood in the mammary gland. This lactogen-
esis occurs concomitantly with parturition in most
mammals, although there are small quantities of pre-
colostrum formed in the mammary gland in later
stages of pregnancy (26).

Milk has been described as the most perfect food
in nature. Milk is balanced for most nutrients and
often has a high caloric value. It can meet the nutri-
tional requirements of the newborn during its early

critical period of body development, and provides
essential nutrition for normal growth, until the new-
born is able to consume and digest solid foods. All
mammalian young are completely dependent on
mother’s milk until they begin to feed on their own
and are weaned weeks after parturition.

3 EVOLUTION OF THE DAIRY
INDUSTRY

In search of socioeconomically feasible and nutri-
tionally superior sources of foods, humanity has
domesticated some mammalian species and selected
and bred them to produce large volumes of milk in
excess of the necessary amounts to nourish the ani-
mal’s own offspring. This surplus of milk produc-
tion beyond nourishing the young has become the
foundation of the modern dairy industry. In North
America, Europe, Australia, and New Zealand, the
dairy industry is one of the most integral enterprises
among all agricultural production businesses.

Although the dairy cow has been the predominant
domesticated animal species for dairy production in
developed countries, the goat, sheep, water buffalo,
yak, camel, and mare as well as some other minor
mammalian species have been domesticated, kept,
and bred for milk production in regions of the world
where the difficult environment required special
adaptation and for which many of the nonbovine
mammals are better suited.

Understanding the anatomy, histology, physiolo-
gy, and biochemistry of milk component synthesis
and its secretory processes in the mammary gland is
important for production, maintenance, and utiliza-
tion of milk for human consumption. Greater knowl-
edge of this will provide dairy producers with the
essential capacity to improve management and envi-
ronmental conditions of their dairy animals for high-
er efficiency, greater quality, and larger volumes of
milk production. Such knowledge also would give
dairy producers opportunities for affecting the com-
position of milk to meet more functionally the nutri-
tion and health needs of people.

Milk is one of the most precious natural foods and
has been a basic component of the human diet since
early history. Milk drawn from the lacteal glands is
highly perishable and adversely affected by improp-
er practices of feeding and handling of the animals,
handling of milk during and after milking, cooling,
transportation, pasteurization, processing, packag-
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ing, processing equipment, and storage (22, 30).
Through understanding of the basic science of lacta-
tion in domesticated mammals, the milk production
volume and quality can be maximized for effective
utilization and processing of milk products for hu-
man consumption.

4 COMPOSITION AND
SECRETION OF MILK OF MINOR
SPECIES

In a comprehensive review of milk of mammalian
species, Oftedal (27) was able to locate compositional
data for at least 194 species. However, there were rel-
atively few careful studies on nondomestic species.
Only 55 species, including domesticated mammals,
had systematic data for all lactation stages. It was
shown that much of the available information, espe-
cially on wild species, was from opportunistic situa-
tions, in which effects of stage of lactation, compro-
mised maternal or infant health, and sampling bias
could not be tested (28).

Milk constituents are produced either directly or
indirectly from blood. Even if the osmotic pressure
is the same for milk and blood, markedly different
compositions exist between the two physiological
body fluids. Milk proteins are mainly caseins, at
least in ruminants, while the principal proteins in
blood plasma are albumins and globulins. In addi-
tion, milk contains more sugar (lactose), fat (lipids),
calcium, phosphorus, and potassium, but often less
protein, sodium, and chlorine than blood (37).

Milk contains two characteristic components, lac-
tose and casein, besides fat, minerals, and vitamins.
Even though the composition of milk is influenced
by genetic, nutritional, and environmental factors,
the amounts of the major and minor constituents in
milk vary genetically substantially between species.
In general, milk of marine mammals such as dol-
phins, seals, whales, and polar bears contains a high
fat content (37). Many of the rapidly growing
species, such as the rabbit and rat, have high protein
contents in their milk, but the correlated relation-
ships between rates of reaching maturity and levels
of protein in milk are not consistently linear. The
most constant component in milk is lactose, which is
found in between 3 and 7% in mid-lactation milk of
different species. Among marsupials, a class just
below mammals but also providing milk to their
young inside their pouch, the kangaroo milk con-

tains pentoses instead of lactose, as well as proteins
and other nitrogenous compounds, which are not
usually associated with mammalian milk (7).

Milk composition of domesticated and some wild
mammals is shown in Table 1.1. These values are
average figures and can be used only for general
comparisons between species.

Many data in the table, especially for nondomesti-
cated species, are based on few analyses and have
little information about the stage of lactation, when
the milk samples were taken. There can even be sig-
nificant differences in composition of milk between
different glands of the same animal, and substantial
variations do occur diurnally and from day to day.

Lactogenesis or the onset of copious milk secre-
tion occurs concomitantly with parturition in most
mammalian species. Lactogenesis takes place in two
stages (14, 19). The first prepares the mammary
glands for milk secretion, and this usually occurs
sometime in later pregnancy. The second stage is the
onset of milk secretion at the time of parturition.

In the cow, lactogenesis coincides with parturition
(29). In the rat, milk is secreted into the mammary
ducts four hours prior to parturition (21). On the oth-
er hand, lactogenesis is delayed for 48 or 72 hours
postpartum in humans and guinea pigs, which may
be attributable to the slow postpartum decrease in
progesterone levels in the two species (25).

Hormones have definite influences on the initia-
tion of the milk secretion process. The continued
secretion, the amount of milk produced, and the com-
position of milk are controlled by several hormonal
and nutritional factors within the animal. In dairy
cows and goats, somatotrophin and thyroxine in-
crease the level of milk production (33, 37) and have
to be removed periodically in order for secretion of
milk to continue. However, secretion of milk, that is,
its removal, from the mammary gland usually re-
quires the stimulation of the nervous system through
the young’s suckling or manual premilking proce-
dures. If the milk is not evacuated from the glands,
the secretory process declines and secretion stops
with a complete involution of the secretory tissues.
Milk secretion proceeds by a physiological feedback
system. The nervous stimulus induces the release
through the bloodstream of the hormone oxytocin
from the pituitary gland in the brain, which causes
the myoepithelial cells surrounding the milk-produc-
ing alveoli to contract, thus forcing the milk from the
alveoli into the udder ducts and cisterns (33).



Table 1.1. Gross Composition (%) of Milk from Domesticated and Some Wild Mammals

Species Fat Protein Lactose Ash Total solids Reference
Antelope

Impala 204 10.8 24 1.3 349 5

Pronghorn 13.0 6.9 4.0 1.3 25.2 10
Ass (donkey) 1.2 1.7 6.9 0.4 10.2 35
Baboon 5.0 1.6 7.3 0.3 14.2 8
Bear

Grizzly 3.0 3.8 4.0 1.3 12.1 5

Polar 31.0 10.2 0.5 1.2 42.9 4
Bison 1.7 4.8 5.7 0.9 13.1 1
Buffalo

Egyptian 7.7 4.3 4.7 0.8 17.5 1

Philippine 10.4 59 43 0.8 21.4 1
Camel 4.9 3.7 5.1 0.7 14.4 35
Cat 7.1 10.1 4.2 0.5 21.9 1
Cow

Ayrshire 4.1 3.6 4.7 0.7 13.1 3

Brown Swiss 4.0 3.6 5.0 0.7 13.3 3

Guernsey 5.0 3.8 4.9 0.7 14.4 3

Holstein 35 3.1 4.9 0.7 12.2 3

Jersey 5.5 3.9 4.9 0.7 15.0 3

Zebu 4.9 39 5.1 0.8 14.7 38
Chimpanzee 3.7 1.2 7.0 0.2 12.1 5
Coyote 10.7 9.9 3.0 0.9 245 5
Deer 19.7 104 2.6 1.4 34.1 36
Dog 8.3 9.5 3.7 1.2 20.7 35
Dolphin 41.5 10.9 1.1 0.7 54.2 1
Elephant 15.1 42 5.1 0.7 24.1 1
Fox 6.3 6.3 4.7 1.0 18.3 39
Goat 3.5 3.1 4.6 0.8 12.1 35
Guinea pig 39 8.1 3.0 0.8 15.8 35
Horse 1.6 2.7 6.1 0.5 11.0 35
Human 4.5 1.1 6.8 0.2 12.6 15
(Kangaroo)1 2.1 6.2 trace 1.2 9.5 7
Mink 8.0 7.0 6.9 0.7 22.6 20
Monkey 39 2.1 59 0.3 123 35
Moose 7.0 135 3.6 1.6 25.7 5
Mouse 12.1 9.0 32 1.5 25.8 5
Mule 1.8 2.0 55 0.5 9.8 1
Musk ox 11.0 53 3.6 1.8 21.7 11
Opossum 6.1 9.2 3.2 1.6 245 17
Rabbit 12.2 10.4 1.8 2.0 26.4 6
Rat 14.8 11.3 29 1.5 31.8 1
Reindeer 22.5 10.3 2.5 14 36.7 1
Sea lion, CA” 349 13.6 0.0 0.6 49.1 32
Seal

Gray 532 11.2 2.6 0.7 67.7 2

Hooded 404 6.6 ? 0.9 47.9 5
Sheep 53 5.5 4.6 0.9 16.3 35
Swine 7.9 59 4.9 0.9 19.6 24
Whale 34.8 13.6 1.8 1.6 51.2 1
Yak 7.0 52 4.6 ? 16.8 23
Zebra 4.8 3.0 5.3 0.7 13.8 1

"Marsupial. ’CA = California.
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5 UNIQUENESS OF THIS BOOK
ON MILK OF NON-BOVINE
MAMMALS

The technical and popular literature abounds with
publications about the world of cow milk, while
milk of other mammals has garnered little attention,
at least in the English language. Therefore it was the
fervent interest of Dr. Y.W. Park and Dr. GEW.
Haenlein in producing this book to make a compre-
hensive and new contribution to the dairy science of
the non-bovine mammals, and to overcome to some
extent the paucity of published knowledge by bring-
ing in contributions from noted scientists in foreign
countries, where non-bovine mammals have an im-
portant nutritional, economic, and social role.

This book presents chapters about the production
and utilization of 10 non-bovine mammals: goats,
sheep, buffaloes, mares, camels, yaks, reindeer, sows,
Ilamas, and humans. Focus on dairy goats was the ini-
tial motivator for the book, because of some unique
characteristics of goat milk compared to cow milk.
Goat milk has been used successfully in cases of
cow milk allergies and by patients with various meta-
bolic and gastrointestinal ailments. Goat milk pro-
teins can differ genetically from some cow milk pro-
teins, and goat milk fat has usually a better profile of
fatty acids. Goat milk cheeses have acquired a world-
wide gourmet reputation, and demand is growing.

Sheep have been milked for millenia, but mainly
as part of triple-purpose breeding for fiber and meat
production besides milk. Therefore official statisti-
cal records of dairy sheep populations, and sheep
milk production and processing, are hard to find.
Sheep milk has unique composition and is ideally
suited for yogurt and cheese production (18). Sheep
cheese production is well organized and promoted in
some countries and in exports, where sheep cheeses
are highly regarded, especially because of some offi-
cial protection of origin label.

Buffalo milk is important in Asian countries
mainly, but the distribution of buffalo populations
and interest in buffalo milk products is spreading.
India has supported officially significant research
with dairy buffaloes, including at a national research
institute (CIRB) specifically devoted to buffaloes at
Hisar—Haryana, and the comprehensive contribu-
tions by Dr. A.J. Pandya and Dr. M.M.H. Khan to
this book are particularly valuable. Buffalo milk is
popular in many traditional products, which are not
well known in Western countries.

Mare milk is another Asian uniqueness, with
much tradition in some countries, but also with
some good justification as an alternative to cow milk
and treatment for humans with debilities. Research
with mare milk and appreciation of its qualities is
limited in the West except for a few proponents,
partly because of the language barrier.

Camel milk also has unique compositional differ-
ences from cow milk, among which is an absence of
beta-lactoglobulin, which makes it more similar to
human milk. Dr. EI-Agamy’s research and compre-
hensive contribution to this book, especially con-
cerning milk protein allergies, biological activities
of the protective proteins in milk, lysozyme, lacto-
ferrin, lactoperoxidase, and antiviral activities are
particularly valuable.

The yak is a valuable milk-producing animal in a
few Asian countries with very harsh climates, but
has undeservedly received little research attention
and appreciation in the West. Uniquely, yak milk is
dried in several factories near yak-rearing areas in
China, Nepal, and possibly also in Mongolia for
popular domestic consumption. Yak butter is an
important staple food from yak milk besides several
types of yogurt and cheeses.

Reindeer milk has received new interest from
researchers in the North, mainly because of its high-
est level of milk composition among the discussed
mammals in this book and the unique adaptation of
this ruminant mammal to the very harsh climate.
Protein in reindeer milk is about three times the lev-
el in cow milk (11% verssus 3%), but lactose is
uniquely less (3.5% versus 4.5%). Yet, the econom-
ics of reindeer milk production and herding manage-
ment need much attention.

Sow milk is of considerable academic and re-
search interest because of the physiological similar-
ity of this monogastric to human milk secretion.
Nutritional, physiological, and biochemical research
data on sow milk can be effectively utilized and
applied to related situations in human metabolism,
health, and medicine. Sow milk production is also of
considerable husbandry interest, because high piglet
mortality and limited growth of piglets is linked to
low sow milk production.

Llamas are, like camels, regurgitating herbivores,
but have only three stomachs instead of the four of
the true ruminants. Llamas, or any of the other three
South American camelids, Alpaca, Vicuiia, and
Guanaco, have not been bred or used for commer-
cial milk production, which presents a very unique
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historic situation for native South Americans before
the arrival of European dairy animals. The question
of from where those native people obtained their
necessary supplies of calcium in the absence of any
milk products in their adult diet has not been
answered satisfactorily. Academic interest in llama
milk has been related to the need to develop satisfac-
tory milk replacer formulae for raising newborn lla-
mas.

Additional other minor species milks that are not
included as a major chapter are discussed for a more
rounded presentation in this book. Academically,
there should be much stimulation from the different
uniquenesses among those species.

Finally, knowledge in human milk is needed
much more widely because of its superior value in
infant nutrition, satisfactory health, and growth, com-
pared to most other animal or vegetable formula
substitutes. Processing of human milk is also of
increasing interest as a commercial source for moth-
ers in need of such supplementation.

No one can deny the fact that cows are the pri-
mary dairy animal species in many countries to pro-
vide humans with nutritious food through the abun-
dance of their lacteal secretion. Goats and other
minor dairy species will never be able to compete
with cows in terms of volume of milk production.
However, the contribution of milk from other do-
mesticated dairy species to the survival and well
being of people around the world is immense and
invaluable, especially in areas where cows have dif-
ficulty surviving.

Nevertheless, the traditional dairy-cow-dominated
dairy industry is and will become more diversified in
domestic productions, and it is already in the market
place on shelves of many food stores, where a great
variety of domestic and imported dairy products
from dairy goats, dairy sheep, even “mozzarella di
buffalo,” are now available with high quality. Con-
sumers of such new products found in grocery stores
and on restaurant menus are increasingly interested
in the histories, origins, and comparative values of
these diverse products from species other than dairy
COWS.

This book is intended to fit this evolution in the
dairy market place. There has not been a book, as far
as we know, covering the origin, production, compo-
sition, processing, and uniqueness of milk and its
products from other domesticated mammals besides
the dairy cow. This book provides comprehensive

reviews of what is known in other parts of the world
by dairy scientists with special knowledge in the
areas of non-bovine milk. This book is intended for
students in agriculture, veterinary science, even eco-
nomics and political science, but in particular dairy
science, to bridge the gap that has existed far too
long. And this book is also aimed at the consumers
who like to widen their horizon and knowledge
about what they are eating, or what else might be
great or beneficial to eat, and where it comes from.
This book is not only for people in the developing
world who want and need to better their food supply
quantitatively and qualitatively, but is especially for
people in the developed world who may have med-
ical needs for alternative foods and treatment, or for
gourmet-connoisseur consumers looking for a high-
er-quality menu.
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Goat Milk

2.1 Production of Goat Milk

George FW. Haenlein

1 INTRODUCTION

The goat has been the most maligned domesticated
animal and still is in many parts of the world (90),
partly because of its sometimes offensive odor,
especially from the buck, whose odor floats strongly
around the premises and can affect the flavor of the
doe’s milk, if ventilation, milking practices, and
cooling of the milk are improper or insufficient. For
the doe this odor is an aphrodisiac enticing her
libido and is part of the “buck effect” to stimulate
sexual activity (65, 78). In recent years it has been
convincingly demonstrated that properly milked and
cooled goat milk is odor free and hard to distinguish
from cow milk in odor and taste (8, 71). Thus, qual-
ity goat milk production is possible and has made
great progress in recent years in dismantling the
age-old prejudice by consumers. This may in part
also be reflected in the phenomenal increase in dairy
goat numbers around the world in recent years
(Tables 2.3-2.5). Another severe prejudice has long
existed among forestry officials’ claim that goats are
responsible for de-forestation and desertification
because of their feeding preference in browsing
bushes, twigs, barks, and even climbing tree limbs
(13,24, 71, 101) (Figure 2.1). However, it has been
demonstrated that human management practices of
overstocking and free grazing without a shepherd
are to blame, and that responsible feeding of har-
vested tree leaves and pods is a more environment-

ally friendly alternative, especially since goats tol-
erate tannin and phenolic compounds in leaves,
whereas cattle, sheep, and horses do not (74, 98,
100). In addition, goats in many parts of the world
are successfully used in “integrated grazing” with
cattle and sheep to clear pastures from brush and
tree encroachment, thus saving and improving beef
and sheep pasture grazing for higher performance
per unit of land area, and also providing better pro-
tection from predators (47). In areas with traditional
migratory or transhumance grazing, the herds were
always a mixture of goats, sheep, and some cattle
and donkeys. Goats are also used to provide brush
and forest clearance for wildfire control (3, 45).
Milk production annual tonnage from goats is arel-
atively small amount compared to cow and buffalo
milk production worldwide (Table 2.1), but it has in-
creased in Africa, Europe, and worldwide percent-
age-wise. In actual milk tonnage the increases are
very significant (Table 2.2), except for Central Amer-
ica (Table 2.5). This tonnage increase better reflects
the great importance of goat milk around the world,
especially when held next to the large increases of
goat population numbers (Table 2.3). It also explains
the conviction by dairy experts that more goat milk
is consumed by more people around the world than
any other milk (24), and that goat milk is a main
food to sustain poor people and small farmers, to
prevent mal- and undernutrition, and to aid people
with cow milk allergies (38, 59, 77, 79). Foreign aid

11
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Figure 2.1. Sure-footed, fearless goats are climbing
an 8 m-high board-trail to a feeding station, illustrating
the ability of goats to climb tree limbs to feed on leaves.
Here at the Westmoreland Berry Farm, Virginia, U.S.A.,
the goats attract visitors, who have fun feeding the
goats small amounts of corn kernels hoisted up in a
small bucket to the feeding station above. Photo
Westmoreland Berry Farm, Oakgrove, VA; by
permission.

project leaders in developing countries have long
recognized this and focused their efforts on improv-
ing dairy goat breeding, nutrition, and milk yields
(42). Within continents, Africa leads in goat milk
production relative to all milk produced there (Table
2.1), but Asia leads in total annual milk tonnage, in
total goat numbers, and in relative increase of goat
milk production during the last 20 years (Tables
2.2-2.3). FAO data do not distinguish between
dairy, cashmere, and Angora goats. The latter are of
significant numbers in some Asian countries, South
Africa, Turkey and Texas,U.S.A. (Table 2.5), but

Table 2.1. Milk Production by Species
Relative to All Milk Produced within Continent
and Trends during the Last 20 Years (20, 21)

Year 1980 2001
All milk' 100.0 % 100.0 %
SHEEP?
World 1.7 1.3
Africa 7.0 6.6
S. America 0.1 0.07
Asia 5.1 1.9
Europe 1.9 1.3
GOATS?
World 1.6 2.1
Africa 10.4 11.0
N. C. America 0.4 0.2
S. America 0.6 0.4
Asia 5.2 4.0
Europe 1.0 1.1
BUFFALOES*
World 59 11.9
Africa 8.8 8.2
Asia 39.6 38.5
Europe 0.1 0.1
COWS
World 90.8 84.6
Africa 73.8 74.2
N. C. America 99.6 99.8
S. America 99.3 99.5
Asia 50.1 55.6
Europe 97.2 97.5
Oceania 100.0 100.0

ncludes milk of cows, buffaloes, goats, and sheep.
2North and Central America and Oceania; no data.
3Oceania; no data.

4 Americas and Oceania; no data.

data of milk production tonnage help identify coun-
tries with dairy goat populations. Table 2.2 also
shows that during the last 20 years the total world
tonnage of goat milk has increased much beyond
that of sheep milk production (12.4 million MT vs.
7.8 million MT, respectively, in 2001), but this dif-
ference probably reflects also the increased demand
for fluid milk consumption, whereas sheep milk is
mainly processed into cheeses. Worldwide, the num-
bers of people increased by 38% during the last 20
years, but goat milk production increased by 72%
(Tables 2.2-2.3).
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Table 2.2. Total Milk Production by Species during the Last 20 Years and Relative Proportion for

Each Continent within Species (20, 21)

1980 2001 Change, % World, % World, %
Year 1,000 MT 1,000 MT 2001-1980 1980 2001
GOATS'
World 7,236 12,455 +72 100 100
Africa 1,477 2,773 +88 20 22
N. C. America 318 165 —48 4 1
S. America 134 182 +36 2 1
Asia 3,435 7,017 +104 48 56
Europe 1,569 2,317 +48 22 19
SHEEP?
World 7,980 7,808 -2 100 100
Africa 994 1,648 +66 12 21
S. America 34 35 +3 0.4 0.4
Asia 3,396 3,269 —4 42 42
Europe 3,482 2,856 —18 44 37
Mediterranean 4,289 4,523 +5 54 58
BUFFALOES®
World 27,491 69,248 +152 100 100
Africa 1,248 2,051 +164 4 3
Asia 26,148 67,028 +156 95 97
Europe 96 170 +77 0.3 0.2
COWS
World 423,034 493,828 +17 100 100
Africa 10,477 18,645 +78 2 4
N. C. America 76,540 96,638 +26 18 20
S. America 23,935 47,055 +97 6 10
Asia 33,084 96,674 +192 8 20
Europe 176,200 210,193 +19 42 43
Oceania 12,240 24,623 +101 3 5
ALL MILK
World 465,741 583,339 +25 100 100
Africa 14,196 25,117 +77 3 4
N. C. America 76,858 96,803 +26 16 17
S. America 24,103 47272 +96 5 8
Asia 66,063 173,988 +163 14 30
Europe 181,347 215,536 +19 39 37
Oceania 12,240 24,623 +101 3 4

'Oceania; no data.
2N. and C. America and Oceania; no data.
3 . .

Americas and Oceania; no data.

The Mediterranean region with some 21 coun-
tries is the major sheep milk production area of the
world (Table 2.2), but not so for goat milk produc-
tion, which amounted to 34% of all goat milk ton-
nage worldwide in 1980 but only 18% in 2001 for

that region (Table 2.4). In total tonnage, Asia and
Africa produced much more goat milk than did the
Mediterranean region in 2001. North America does
not have any FAO goat milk data listed, and Europe
has more countries decreasing than increasing in
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Table 2.3. Trends of Populations of Goats and People during the Last

20 Years (20, 21)

Change,%

1980 2001 2001-1980
GOATS (Million head)
World 458 738 +61
Africa 149 219 +47
N. C. America 13 14 +8
S. America 19 22 +16
Asia 258 465 +80
Europe 12 18 +50
Mediterranean region 44 40 -9
Oceania 0.4 0.7 +75
PEOPLE (Million head)
World 4,450 6,134 +38
Africa 480 812 +69
N. C. America 373 493 +32
S. America 240 351 +46
Asia 2,584 3,721 +44
Europe 484 726 +50
Oceania 23 31 +35

goat milk tonnage per year (Tables 2.4 and 2.5).
Thus, a general and historic disinterest in goat milk
research, relative to cow milk and sheep research,
in these countries may be understandable, though
not forgivable, and the world literature on goat
milk production, product technology, and market-
ing has to depend on such research from Asia and
Africa.

2 MILK PRODUCTION
2.1 BREEDS OF GOATS

The goat is one of the most versatile domestic ani-
mals in adaptation to arid and humid, tropical and
cold, and desert and mountain conditions (29, 81,
97), providing people with many important prod-
ucts: meat, milk including yogurt and cheese, cash-
mere, mohair, skins, draft and pack power, and
manure for crops and gardens (28, 43). Shkolnik et
al. (96) studied the adaptation of the small Bedouin
goat, weighing between 15 to 25 kg, to arid desert
conditions. By providing watering opportunities
only every two to four days, the goat’s foraging
range was increased greatly. Goats lost body weight
during water deprivation but maintained daily milk

yields of up to 2 kg nevertheless. Mason (61) lists
411 goat breeds in his world dictionary of livestock,
but only about 31 as primary dairy breeds (Table
2.6). Gall (30) provides detailed description and
production data of 160 goat breeds based on size of
populations, productivity, and unique characteris-
tics. Levels of milk production from surveys in 46
countries around the world are given for 89 goat
breeds. Among these are four recognized as high-
yielding breeds—Alpine, Saanen, Toggenburg, and
Nubian—which are also called “improver” breeds
for developing countries (14). The Swiss breeds,
Saanen in particular, have been exported and adapted
in many countries, forming new local breeds, often
with new names (60). Compared to dairy sheep,
genetic selection of dairy goats has succeeded in
much higher milk yields, longer lactation length
(Table 2.7), and better udder conformation, especial-
ly among the Swiss breeds. Milk yield production
data vary much from country to country for the same
breed, depending on feeding, climate, and disease
adaptation. Milk composition varies between breeds
but is generally lower (3.3—4.7% fat, 2.9-5.0% pro-
tein, 4.1-5.2% lactose, 11.5-15.1% total solids)
than for dairy sheep, except for West African Dwarf
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Table 2.4. Mediterranean Region Goat Populations, Goat Milk Production, and Trends during
the Last 20 years (20, 21)

GOAT POPULATIONS GOAT MILK PRODUCTION
1980 2001 Change, % 1980 2001 Change, %
1,000 head 1,000 head ~ 2001-1980 1,000 MT 1,000 MT 2001-1980
Portugal 747 760 +2 37 35 -6
Spain 2,120 2,830 +33 302 320 +6
France 1,065 1,200 +13 464 460 -1
Italy 989 1,375 +39 118 140 +19
Malta 6 9 +50 2 - -
Cyprus 360 379 +5 37 29 =22
Yugoslavia 125 343 + 174 - - -
Albania 672 1,120 +67 27 80 +196
Hungary 120 150 +25 4 10 +150
Romania 378 574 +52 - -
Bulgaria 425 970 +128 60 215 +258
Greece 4,555 5,300 +16 425 450 +6
Turkey 18,755 8,057 =57 623 225 —64
Lebanon 413 445 +8 35 39 +11
Israel 132 68 —48 24 13 —46
Syria 1,028 979 =5 74 62 —16
Egypt 1,451 3,527 +143 8 15 +88
Tunisia 822 1,450 +76 13 12 —-8
Libya 1,400 1,950 +39 15 15 +3%0
Algeria 2,763 3,500 +27 134 155 +16
Morocco 5,773 5,200 —10 27 35 +30
21 Total 44,099 40,186 -9 2,429 2,310 -6
World 457,660 738,246 +61 7,236 12,455 +72
21 Mediterranean,
% of world 10 5 34 18
goats, which may have much higher fat (7.8%), pro- Dairy goat breeds have been classified morpho-

tein (5.3%), lactose (5.2%), and total solids (18.8%) logically into three groups (62) (Table 2.6):
contents (14, 64).

Breeds that are managed in registry herd books 1. Short, erect ears (Swiss, Spanish, French and
combined with milk recording and sire-proving Nordic breeds) or no external ears (LaMancha)
schemes are generally the leaders (35, 39). Thus, (Figure 2.7), and sabre-like horns, although
individual record performances of Spanish Canaria, some may be polled (Figure 2.2-2.5)
Malagueiia, and Murciana-Granadina goats with 2. Short ears and outwardly-twisted or screw-type
1,300 kg milk in 305 days (72), for Saanen in differ- horns (Girgentana, Zalawadi) (Figures 2.12 and
ent countries milking more than 2,000 kg (16, 30), 2.13) or polled (Figures 2.8, 2.9, 2.11). Horn
for Alpine in UK and Nordic goats in Norway more length may vary from 6 to 28 cm, up to 50 cm
than 1,900 kg (30), and records of individual Amer- in Girgentana, and are longer in males (60).
ican Toggenburg (3,023 kg), Alpine (2,916 kg), Sa- 3. Long or lop ears with different type horns
anen (2,695 kg), LaMancha (2,454 kg), and Nubian (most tropical dairy breeds), and some may

(2,423 kg) have been reported (39). also be polled (Figures 2.6, 2.10, 2.14-2.16).
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Table 2.5. Trends of Goat Milk Production during the Last 20 Years in
Countries with Significant Amounts of Goat Milk Outside of the
Mediterranean Region (20, 21)

1980 2001 Change, %
1,000 MT 1,000 MT 2001-1980
AFRICA
Burkina Faso 10 52 +420
Cameroon — 42 —
Chad 15 32 +113
Ethiopia 94 95 +1
Kenya 74 96 +30
Mali 39 196 +402
Mauritania 70 101 +44
Niger 122 105 —-14
Rwanda 9 14 +56
Senegal 10 17 +70
Somalia 282 390 +38
Sudan 467 1,250 +168
Tanzania 55 96 +74
TOTAL 1,247 2,486 +99
N. C. AMERICA
Haiti 26 24 -8
Mexico 291 140 —-52
TOTAL 317 164 —48
S. AMERICA
Bolivia 14 12 —-14
Brazil 89 138 +55
Chile 10 10 +0
Peru 19 19 +0
TOTAL 132 179 +36
ASIA
Afghanistan 48 100 +108
Bangladesh 484 1,304 +169
China 113 255 +126
India 945 3,320 +251
Indonesia — 200 —
Iran 222 385 +73
Iraq 80 54 —-32
Jordan 15 12 —20
Kazakhstan — 10 —
Kuwait 20 5 =75
Mongolia 12 35 +192
Nepal 31 60 +94
Oman 13 81 +523
Pakistan 407 607 +49
Saudi Arabia 81 71 —-12
Tajikistan - 25 -
U. Arab Emirates 7 27 +286
Uzbekistan — 37 —

Yemen 141 120 —15
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Table 2.5. Continued

1980 2001 Change, %
1,000 MT 1,000 MT 2001-1980
West Bank - 14 -
TOTAL 2,619 6,722 +157
EUROPE
Austria 14 17 +21
Czechoslovakia 22 26 +18
Germany 42 22 —48
Norway 26 21 —-19
Switzerland 24 16 —33
Ukraine — 194 —
USSR 303 305 +1
TOTAL 431 601 +39
GRAND TOTAL' 4,746 10,152 +114
WORLD 7,236 12,455 +72
% of world 66 82

'No data available for Oceania.

Although most dairy sheep breeds vary little in
type and appearance (Chapter 3, Figures 3.1-3.6),
dairy goat breeds differ markedly, as shown in Fig-
ures 2.2-2.16. According to level of milk-producing
ability (Table 2.7), success of genetic selection for

superior mammary system, and size of population, it
is appropriate to recognize the original dairy goat
breeds in descending order of ranking by countries
of origin as shown below (16), although admitting
that some dairy goat breeds in countries such as the

Table 2.6. Goat Breeds with Dairy as Their Primary Use (62)

SHORT EARS, SABRE HORNS

Alpine, Chamoisée (Switzerland; Italy, U.K.,
U.S.A)

Appenzell (Switzerland)

La Mancha (USA)

Malagueiia (Spain)

Murciana-Granadina (Spain)

Nordic (Norway)

Oberhasli, Alpine (Switzerland; France, Germany,
US.A)

Poitévine (France)

Saanen (Switzerland; Bulgaria, China,
Czechoslovakia, France, Germany, Israel,
Poland, Russia, The Netherlands, U.K., U.S.A.)

Toggenburg (Switzerland; Germany, The

Netherlands, U.K., U.S.A.)

SHORT EARS, TWISTED HORNS

Algarvia (Portugal)
Carpathian (Poland)
Corsican (France)

SHORT EARS, TWISTED HORNS (continued)

Garganica (Italy)
Girgentana (Italy)
Pirenaica (Spain)
Serrana (Portugal)

LOP EARS, DIFFERENT HORNS

Baladi (Egypt)
Beetal (India)
Benadir (Somalia)
Berber (Morocco)
Damascus (Syria)
Jamnapari (India)
Kamori (Pakistan)
Malabari (India)
Maltese (Italy)
Mamber (Syria)
Nubian (USA)
Sangamneri (India)
Sirohi (India)
Surti (India)
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} Figure 2.3. American Alpine goat. Photo American
Figure 2.2. Swiss Saanen goat. Photo G.F.W. Dairy Goat Association.
Haenlein.

Figure 2.4. American Oberhasli goat. Photo G.F.W. Haenlein.

UK, France, Germany, Norway, America, Australia, Verata, Pirenaica, Blanca Andaluza, Blanca
and New Zealand are distinguished by breeding Celtiberica (72),

success for superior type and milk production, but « Italy: Maltese, Ionica, Girgentana,

most of these breed populations are derivatives of Garganica (89),

imported Swiss, Spanish, or Nubian breeds: « Portugal (Serrana), Greece (Native), Egypt

(Nubian—Zaraibi), Syria (Damascus), Turkey

1. Swiss breeds: Saanen, Alpine, Oberhasli, (Kilis) (30);
Toggenburg, Appenzell (30); 3. Indian breeds: Jamnapari, Barbari, Beetal,

2. Mediterranean breeds: Gohilwadi, Jhakrana, Kutchi, Mehsana, Surti,
¢ Spain: Murciana-Granadina, Malagueia, Zalawadi (1);

Canaria, Guadarrama, Retinta Extremeiia, 4. Other Asian and African breeds (30).
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Figure 2.6. American Nubian goat. Photo G.F.W.
unique badger face. Photo American Dairy Goat Haenlein.

Figure 2.5. American Toggenburg goat; note the

Association, Spindale, NC.

Table 2.7. Average Milk Yields and Lactation Lengths of Dairy Goats (14, 16, 30, 39, 72)

Days Yield, kg

CYPRUS Damascus 210-300 460-560
FRANCE Poitévine 230 440-600
GREECE Native 210-250 120-200
INDIA Barbari 150-230 110-200
Beetal 185-210 190-210

Jamnapari 170-270 200-230

ISRAEL Mamber 150-210 180-240
ITALY Garganica 190-210 180-250
Girgentana 190-210 300400

ITonica 190-210 220-440

Maltese 190-210 290-600

NORWAY Nordic 250-300 600-700
PORTUGAL Serrana 210-270 300-400
SPAIN Blanca Andaluza 198 400-450
Blanca Celtiberica 200 400-450

Canaria 210-300 600-700

Guadarrama 210 440-660

Malaguena 240-270 500-700

Murciana-Granadina 210-304 500-730

SWITZERLAND Alpine, Chamoisée 265-290 600-820
Appenzell 260-295 480-860

Saanen 265-300 520-970

Toggenburg 265-305 510-965

TURKEY Kilis 260-280 250-330
U.S.A. La Mancha 270-305 720-800
Nubian 270-305 690-780

Oberhasli 270-305 540-730
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Figure 2.7. American LaMancha goat; note the unique
vestigial “gopher” ear. Photo American Dairy Goat
Association, Spindale, NC.

Leading the world in milk production level,
length of lactation, udder type quality, and popula-
tion size are the four Swiss breeds, Saanen, Alpine,
Toggenburg, and Oberhasli (Figures 2.2-2.5), fol-
lowed by the American developed Nubian (Figure
2.6) and LaMancha (Figure 2.7). Next in value and
importance are at least four original Spanish
breeds, Murciana-Granadina, Malaguefia, Canaria,
and Guadarrama (Figures 2.8-2.11), but their udder
conformation and performance still need much
improvement. Other Mediterranean breeds (Figures
2.12-2.15) are producing well under the constraints
of their local conditions but mostly below the lead-
ing Spanish and Swiss breeds. The remaining Asian
(Figure 2.16) and African breeds, including some
dwarf and disease-resistant breeds, have good poten-
tial but have not yet been selected and bred for
more than their low productivity due to feeding
conditions and lack of the stimulus of breed reg-
istry organizations. Most have no known statistics
of average lactation length or total yield, only esti-
mates of daily yields. The Indian Jamnapari is the
leading dairy breed in that region and has been
exported. It is a uniquely evolved goat and especial-
ly adapted to browsing the dominant brush vegeta-
tion in its home tract along the Jamna river (Figure
2.16). However, it is handicapped in low-level graz-
ing because its extremely long, twisted ears hang
over and cover its eyes, and because its extremely
arched Roman nose causes the lower jaw to be usu-

Figure 2.8. Spanish Murciana-Granadina goat. Photo
Minister6 Agricultura Publ., 1980, Madrid, Spain.

Figure 2.9. Spanish Malaguefia goat. Photo Ministeré
Agricultura Publ., 1980, Madrid, Spain.

ally overshot (“carp” mouth—brachygnatia), thus
making the biting of grass at low-level grazing
almost impossible; this situation appears to be
endangering the breed’s survival outside its home
brush territory (88).

The partial (elf ear) or total absence (gopher ear)
of the external ear (vestigial ear) (Figure 2.7) is a
dominant genetic trait in the American LaMancha
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Figure 2.10. Spanish Canaria goat. Photo Ministeré
Agricultura Publ., 1980, Madrid, Spain.

Figure 2.12. Italian Girgentana goat. Photo G.F.W.
Haenlein.

Figure 2.11. Spanish Guadarrama goat. Photo
Minister6 Agricultura Publ., 1980, Madrid, Spain.

83 FLAR % sl At el B
Figure 2.13. Italian Garganica goat. Photo G.F.W.
Haenlein.

breed (P. Sponenberg, personal communication,
COGNOSAG workshop 1986) and may also occur
in the Murciana-Granadina and African breeds. Lop
ears are often twisted and can be 35 cm long. Goat
breeds are also classified by color of hair, length of
hair, color patterns, such as the “badger face” (Tog-
genburg) (Figure 2.5), and spotting (86). Dairy
goats may have wattles on their neck, which have
been linked genetically to higher prolificacy, and
they may have beards in either or both genders. Pol-

ledness (PP or Pp) in dairy goats is due to a domi-
nant gene with recessive sex-altering effects in fe-
male and male offspring, resulting in infertile inter-
sexuals or hermaphrodites. All horned offspring
(pp) are fertile, while homozygous polled (PP)
females are infertile, heterozygous (Pp) females are
fertile, homozygous (PP) males are 50% infertile,
and heterozygous males (Pp) are fertile. Breeding
polled parents (PP or Pp) results in a higher percent-
age of true male offspring than expected from
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Figure 2.14. Italian Maltese goat. Photo G.F.W.
Haenlein.

Figure 2.15. Egyptian Damascus goat. Photo G.F.W.
Haenlein.

Mendelian laws of inheritance due to as much as 24%
hermaphrodites (86). It has been concluded that it is
not possible to obtain a fertile homozygous polled
breed of goats, and selection for polledness has a
negative effect on the improvement of milk produc-
tion. Therefore, in France, goat breeding has favored
horned sires, all bucks in artificial insemination serv-

Figure 2.16. Indian Jamnapari goat, one of the ances-
tors of the American Nubian goat; note the extremely
long lop ears, Roman nose, and overshot lower jaw.
Photo G.F.W. Haenlein.

ice (Al) are horned, and the frequency of the gene for
horns has increased tremendously in recent years.

Studies of biochemical polymorphisms in blood
and milk of goats have shown differences between
breeds and individuals, which can be related to dif-
ferences in milk casein contents and cheese-making
characteristics (86) (Table 2.8). Grosclaude et al.
(32) found in the milk of 213 French Alpine
(Oberhasli) goats that the gene a-s-1-CN A, respon-
sible for higher total casein contents, was twice as
frequent as that in the milk of 159 Saanen goats.
Cheeses from goat milk with or without a-s-1-
casein (gene A vs. gene 0) had differences in cheese
yield, firmness of curd, and aroma (80).

Table 2.8. Casein Contents (g/liter) in Milk
from Goats of Four Different Genotypes (86)

Genotypes of a-s-1 casein

Caseins FF B F AF AB™
a-s-1 1.2 2.2 4.3 4.0
a-s-2 3.9 4.1 5.8 6.1
B 10.3 9.6 11.2 11.0
K 7.3 6.5 7.7 7.7
Total 22.7 224 29.0 28.8
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Progress in genetic selection depends on the par-
ticipation by goat breeders in milk recording systems
(39, 86) (Tables 2.9, 2.10). In the United States, the
percentage participation is not high, but the records
of the 16,000 tested dairy goats within the approxi-
mately 1 million population had exceptional aver-
ages of 860, 774, 740, 726, 960, 898 kg milk with 3.6,
3.8,4.5,3.8,3.5,3.3% fat in 305 days for the six offi-
cial breeds, Alpine, LaMancha, Nubian, Oberhasli,
Saanen, and Toggenburg, respectively, in 1992 (39).
Progeny testing of bucks is nationally organized in
the United States, and the use of artificial insemina-
tion (A.L) is popular. Except for Norway, France, the
Netherlands (Tables 2.9, 2.10), and Taiwan (69), the
percentage of participation in milk recording within
total milking goat populations by country appears to
be less than 10% in Europe. As with dairy sheep,
France has the highest number of tested dairy goats,
flocks participating, does being artificially insemi-
nated, and bucks being progeny tested for A.IL
(Tables 2.9, 2.10), especially for the French Alpine
(Oberhasli) breed.

Determinations of heritability of milk yield, pro-
tein percent, fat percent, their yields, and genetic cor-
relations produced similar values (86) as for dairy
sheep (Chapter 3, Table 3.10), which means that sin-
gle trait selection in dairy goats can make good

progress (87) but that selection for yield will decrease
solids contents and vice versa. Selecting for milk
yield alone can make average progress of 30 kg/year
possible, whereas selection for protein or fat yield
will make only 0.7 kg milk yield annual progress, but
selecting for protein percent or fat percent alone will
decrease milk yield by 0.6 to 0.9 kg/year.

Normally, dairy goats have only two teats, but
inherited supernumerary teats can be found in sever-
al breeds. In the United States it is unethical and
prohibited to remove supernumerary teats unless
they interfere with good milking practices, because
selection against this recessive trait is supposed to
be practiced. Unique to goats (Jamnapari and their
derivatives such as the Nubian) is the condition of
brachygnatia or undershot upper jaw, also called
“carp” mouth, while in dairy cattle the condition of
the undershot lower jaw or “parrot” mouth can be
encountered. The condition is determined by a re-
cessive gene (86) and in American Nubians is unde-
sirable and to be selected against. Myotonia of the
so-called “Fainting” or nervous goats in a small U.S.
population is also due to a recessive gene. Goats have
60 chromosomes (2n), whereas sheep have 54 (2n),
but occasional fertile hybrids have been reported
(86). Flocks of sheep and goats are traditionally
herded together in many countries, and often it is

Table 2.9. Participation in Goat Milk Recording
Schemes by Country in 1989 (89)

Total goats Recorded Participation
1,000 goats %
Austria 32 150 0.5
Bulgaria 500 690 0.1
Cyprus 100 3,000 3.0
Czechoslovakia 50 1,475 3.0
Finland 2 160 8.0
France 1,200 240,000 20.0
Germany 36 1,740 4.8
Israel 12 1,080 9.0
Italy 1,060 8,010 0.8
Netherlands 34 5,490 16.1
Norway 69 30,390 44.0
Portugal 600 400 0.1
Spain 2,300 16,000 0.7
South Africa 5,780 620 0.01
Switzerland 89 4,930 5.5
U.S.A. 1,000 16,000 1.6
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Table 2.10. Participation in Milk Recording and Artificial Insemination by Goat Breeds (25)

% does Al progeny
Total milk Flocks Does bucks
Breed Country population  recorded  recorded  using Al tested
Damascus CYPRUS 2,500 100 18
Alpine FRANCE 392,000 30.7 1,200 30,000 51
Saanen " 181,000 514 750 19,500 21
Skopelos GREECE 16,000 25.0 25
Tonica ITALY 14,000 9.3 23
Alpina " 34,000 8.4 85
Saanen " 35,000 7.4 69
Maltese " 38,000 6.0 36
Nordic NORWAY 17.400 100 370 140
Serrana PORTUGAL 250,000 1.6 105
Charnequeira " 35,000 1.8 6
Serpentina " 100,000 0.5 6
Algarvia " 20,000 4.1 39
Malagueiia SPAIN 194,520 32 62
Murciana-Granadina " 382,660 5.0 203 770

hard to distinguish them, except for the way that
goats always carry their short tail up.

2.2 HERD MANAGEMENT SYSTEMS

Dairy goats are managed the same as dairy sheep
under a variety of intensive or extensive systems in
different countries, depending on resources of the
owner and nearness to market (11, 19, 24, 28, 69,
71). Rubino and Claps (90) described goat manage-
ment systems in southern Italy, where they are typi-
cal for many other countries, in four categories:

Pastoral systems:

1. Transhumance of single goat herds with shep-
herd, utilizing mountain common grassland for
entire seasons; goat milk is transformed into
cheese and kid meat

2. Daily commuter herding of goats from many vil-
lage owners mostly with one shepherd; seasonal
utilization of mountain common grassland;
goats are returned and housed in the village at
night and are milked there for fluid milk con-
sumption; cheese and yogurt making; kid rearing

3. Opportunistic utilization of pastures, meadows,
field crops nearby and further away by single
goat herds; milking at the farm for fluid milk;
yogurt and cheese processing; kid rearing

Permanent at-the-farm system:

4. Exclusive utilization of farm feed resources
and purchase of supplementary feeds for inten-
sive goat milk production and kid rearing man-
agement; milk may be shipped to processing
plant or transformed into yogurt and cheese at
the farm for sale at the farm

The local price for goat milk determines whether
it is more profitable to raise goat kids with that milk
or sell the milk for cheese and yogurt production and
bottling of fluid milk (40). Because it takes about 6
kg milk to produce 1 kg goat kid meat, the profitable
price for goat kids per kg on the farm needs to be six
times greater than the price of goat milk per kg on
the farm. It has been shown that supplementary
feeding of concentrates or grain mixtures for higher
milk yields in addition to grazing is more profitable
to goat milk producers than the extensive herd man-
agement under the conditions of various countries,
as is converting the milk on farms to cheese and
direct retail sales rather than delivering the milk
wholesale to a processing plant (Table 2.11).

Goat milk is not marketed commercially as fluid
milk in most countries (91), but serves household
needs and is supplied to neighbors. Taiwan is a
notable exception, where all milk from its 500,000
head dairy goat population is under intensive man-
agement and is processed by a central cooperative
into glass bottles or UHT cartons and commercial-
ly marketed even by door-to-door delivery (69). In
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Table 2.11. Comparative Profitability of Two Systems of Goat
Farming (Greece [44]; France [57]; ltaly [91]; U.S.A. [41; 105])

25

Intensive Extensive
GREECE farming farming
Gross return/goat/year, $ 134.94 66.24
Expenses/goat/year, $ 110.89 58.69
Labor, % 39.1 51.8
Feed, % 42.8 31.6
Capital, % 12.2 13.4
Housing, % 4.4 2.1
Others, % 1.5 1.1
Net return/goat/year, $ 24.05 7.55
Milk Cheese sold
FRANCE sold from farm from milk on farm
Milk production/goat/year, kg 553 461
Price/kg milk, $ 0.40 0.94
Gross return/goat, $ 243.83 584.00
Production cost/goat/year, $ 118.17 190.83
Net return/goat/year, $ 125.66 393.17
ITALY
Net return/goat/year, $ 74.93 112.00
Average herd
production, kg Break-even

U.S.A. milk/goat/year price/kg milk

680 0.52

907 0.39

the United States, 4 million liters of goat milk were
processed annually into powder from cooperating
farms for use as infant formula in the 1990s.
Another estimated 200 goat dairies sold about 480
liters weekly, half under certified raw milk license
in 1985 (36). Approximately 1 million liters of
goat milk were processed into artisanal farmstead
cheeses by about 130 licensed goat farm dairies
and by several cooperatives with a weekly volume
of about 3,000 liters of farmer supplied milk in
1990 (91). In addition, more than 500,000 kg goat
cheese from France alone (not counting that from
other countries) was imported to satisfy the grow-
ing U.S. market demand. In France, with an annual
goat cheese production of 43,500 MT, 30% was
produced on 19,000 goat farms in 1985 (57). In
recent years the production and marketing of goat
milk products have sharply risen in many countries
and worldwide, probably due to two main reasons:
in developing countries, to satisfy the increasing

demands for milk; in developed countries, to cater
to the growing interest in quality gourmet products
and to cover medical needs of people with cow
milk allergies and other gastrointestinal afflictions.
This means that dairy goat farmers worldwide must
progress in intensification of their farming system
and in their genetic selection methods toward more
dairyness and fewer dual-purpose goats.

Housing for dairy goats depends on the different
levels of management intensity (10, 31, 37, 71). Mi-
gratory herds, mostly in developing countries, have
simple protective corrals at night as long as there is
a grazing season. More intensively managed herds
with supplementary feeding of hay, silage, and con-
centrate/grains are provided with sheltered “loose
housing” barns and facilities, which may include
convenient feeding troughs with head gates, auto-
matic waterers, ventilation fans, window shading for
light control, and panels for separation by age and
level of milk production (82). The ground level
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barns are bedded, usually with straw, or the barns
may be elevated/stilted with slatted floors without
bedding (31), as is commonly found in tropical
countries such as Taiwan, Indonesia, and Panama.
This type of housing has also been proposed for the
United States (43) in order to provide good ventila-
tion in hot summer and effective internal parasite
control due to the absence of manure, from which
goats reinfest themselves and then have to be treated
with medications regularly. The entire dairy goat
population of about 500,000 head in Taiwan is on
such elevated, slatted-floor loose housing, which also
provides income from the collection of pure goat
manure from underneath the housing in addition to
the income from goat milk and kid meat (69). Dairy
goats in France under the intensive system are kept
loose in bedded barns (99) when they are not out on
nearby pastures. Usually detached from the sleeping
and feeding barn is a facility for machine milking,
cooling, and storing of the milk. The detachment is
a Board of Health requirement in some countries,
such as the United States, for sanitary reasons and
control of odors (92, 93, 94).

2.3 AGE OF DOE, PARITY, LACTATION
LENGTH, LITTER SIZE

There are many factors other than genetics affecting
milk yield in goats, since its heritability is by most
determinations around 32% (87) (Chapter 3, Table
3.10), leaving 68% of the variation to factors of the
environment. Milk yields increase with age of does
within breed, following a curvilinear function,
which peaks between four and eight years of age
(52). However, kidding season in the spring of each
year also may produce higher yields than lactations
beginning in autumn in some countries (102). Parity
parallels the effects of age, both of which also are
related to body weight. It is common practice to let
dairy goats kid for their first lactation at one year of
age if feeding conditions and growth permit. Major
correlations of 80 to 90% exist between udder vol-
ume and milk yield based on their proportionality to
the mammary alveolar surface area (28). However,
high-yielding dairy goats tend to have pendulous
udders in some populations (Figure 2.10), which
have negative effects on yield because of injuries
and mastitis. This factor makes focusing on genetic
selection for better udder attachments and suspen-
sory ligaments important.

Lactation length in dairy goats varies usually
between 200 and 300 days, but they may milk very
well for two years if fed well (64). An individual
record of 3,975 kg milk in 23 months (687 days)
(5.8 kg daily average) has been reported. Annual
lactations of goats may be less important in some
goat management systems than for dairy cows
because goats usually have twins or triplets, thus
they may not need annual kidding for herd replace-
ment. Goats have shorter pregnancies (five months
vs. nine and one-half months for dairy cattle), thus
they can have longer lactation periods without the
interfering, overlapping effects of new pregnancies.
The lactation curve of goats is also typically flatter
than that for dairy cattle, with less peak, sometimes
two peaks due to pasture conditions, and greater per-
sistency (28). Therefore, the relationship of early
segments of goat lactations to total lactation milk
yield has a high predictive value: for the first 69
days, 68%; for 100 days, 87%; and for 140 days into
lactation, 96% (27).

Litter size has an increasing effect on milk yield of
goats independent of age, body weight, and season
(102). Apparently, mammary growth during preg-
nancy is regulated by the number of goat kids born,
and plasma lactogenic activity from the placenta
plays a role.

2.4 NUTRITION OF DOE

Goats may be kept on many different types of range
land: flat fallow or stubble fields, steep mountain
meadows, shrub and forest areas, or sandy or rocky
deserts (22). Goats do not mind standing on their hind
legs to reach leaves, even from briar and thorn bush-
es, or to climb tree limbs, thus greatly differing in
their eating behavior from sheep and dairy cattle but
somewhat resembling deer and antelopes. Compar-
ative studies with sheep, steers, and deer have shown
distinct differences in gastrointestinal dynamics be-
tween these ruminant species, which are important
determinants of adaptability to grazing conditions
(49, 50). Goats in one experiment had lower dry mat-
ter intake on a metabolic weight basis, combined
with a longer ruminal retention time and greater
organic matter digestibility than the other species,
suggesting a strategy of digestion for maximal uti-
lization of the particular diet. Goats do not prefer the
same plants or parts of plants as sheep, thus they are
complementary on the range, and optimal productiv-
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ity of the land requires that both species graze togeth-
er. Including goats in a mixed grazing scheme with
cattle almost doubled the total grazing capacity of
range land that contained oaks (73). Goats have
demonstrated an ability to utilize tree leaves from
species such as oak (Quercus sp.), which are general-
ly classified as toxic to other livestock because of
their high content of tannin (about 9%/dry matter)
and other phytochemicals, which plant species have
developed as a defense against herbivory (98). The
browsing preference of goats has the additional bene-
fit of lower rates of gastrointestinal parasite infesta-
tions compared to grazing (29). Some breeds of
goats, such as the Black Bedouin, differ from other
goat breeds in their ability to reduce urinary nitrogen
loss through recycling when feed resources provide
limited supplies of protein (96, 97).

For goats producing high milk yields above 800
kg/year, it is necessary to furnish a large amount of
supplementary feeds/concentrates, and the dietary
supply of energy from range land may not cover
more than the energy expenditures of walking to
find forages, thus making range land in this case
no more than an environment to keep the animals
healthy (22). It has also been shown that range land
does not supply sufficient levels of some minerals,
vitamins, and nutrients at different seasons of the
year for goat maintenance and milk production (83),
thus making supplementation necessary. Urea is a
cheap and effective nitrogen supplement in proper
mixtures for goats (26) or in feed blocks (4). The
intensive system of “zero grazing” uses harvested
green forage for indoor feeding of goats. It is labor
intensive but saves the cost of investing in fencing of
pastures, especially under the intensive system of
rotational pastures for optimizing pasture yields.
Intensive feeding systems include stored forages in
the form of hay and silage (48). Use of silage, espe-
cially from corn/maize, is popular in countries with
large commercial goat herds such as France (68);
grass silage is used in Norway. High silage quality
is necessary, however, for optimum intake by the
goats, and it is preferable to have large goat herds,
especially in combination with a cattle herd on the
same farm, to ensure sufficient daily quantities of
removal from a silo to avoid spoilage. Intensive sys-
tems of dairy goat farming can be found to prevail in
northern Europe, America, Australia, New Zealand,
Israel, and even around cities in Greece (6). In
France, the intensive dairy goat farming system has

been reported to enable 6,000 to 10,000 kg goat
milk/ha forage land/year (22).

The daily availability of glucose from digested
feeds is the main limiting factor of secretion of
goat milk because in the udder it forms lactose,
which controls largely the movement of water into
milk (Chapter 3, Figure 3.12). The mammary gland
takes up about 70 g glucose/kg milk formed (28).
Of the glucose entering blood circulation, 60% to
85% 1is used by the goat mammary gland. A reduc-
tion in feed intake resulting in lower blood glucose
levels will reduce milk yield quickly. In terms of
energy expenditures, 83 kcal/kg milk are required.
Increasing the daily supply of concentrates from
0.64 kg dry matter/day to 1.21 kg increased goat
milk yield significantly from 2.91 kg/day to 3.45 kg
and protein content from 2.83% to 3.01% in mid-
lactation (67). Increased fat contents in the feed
ration and different forage-to-concentrate ratios in
the daily diet can improve milk yields and the fat
composition of the milk toward fatty acid profiles,
which can include higher levels of the essential
unsaturated fatty acids and which are of particular
human health interest (51). Separate milk process-
ing and commercialization of such ‘“designer”
milks is still waiting to arrive in the market place
but seems to have considerable potential.

Nutrient requirements of dairy goats have been
formulated in several publications during the past
135 years (2,7, 12, 17, 33, 34, 53, 54, 66, 70, 75, 84,
95, 103). Probably the most comprehensive treat-
ment of all available world data (66) concluded in
energy requirements for maintenance of goats to be
at 106 kcal ME/kg W(body weight)""* or 0.445 MJ
ME/kgW *7° | which compares well with 101 kcal
ME/kgW °7 recommended by NRC (75) and 0.400~
0.450 MJ ME/kgW *"° by Drochner et al. (17). It is
not easy to compare requirements between the vari-
ous research authors, because of different terminolo-
gy in the old starch values or kcal or kJ, actual body
weight or metabolic body weight (kgW" "), basis of
digestible, metabolizable or net energy, or differ-
ences in systems of calculation (2, 17, 53, 75), but
Table 2.12 is providing the generally most agreeable
and useful data from the most up-to-date research
publications from the United States, France, the UK,
and Germany. For a 50 kg dairy goat producing 1 kg
milk per day with a fat content of 3.5%, the recom-
mended total energy supply in the daily ration is
12.9, 14.4, 15.3, and 12.2, respectively, for the data
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Table 2.12. Daily Nutrient Requirements of Dairy Goats

Body weight, 50 kg 70 kg
Milk, 1 kg Milk, 1 kg

NRC, 1981 (75) Maintenance' 3.5% fat Maintenance' 3.5% fat
Dry matter intake, kg 1.0 1.2
% of body weight 1.9 1.8
Energy, TDN, kg 0.5 0.8 0.7 1.0

digestible, DE Mcal 2.3 3.8 3.0 4.5

metabolizable, ME Mcal 1.9 3.1 2.4 3.6

metabolizable, ME MJ* 7.9 12.9 10.0 15.0
Crude protein, g 75 143 96 164

digestible protein, g 51 99 66 114
Calcium, g 3 5 4 6
Phosphorous, g 2 34 3 4.4
INRA, 1978 (28)
Metabolizable energy, MJ 9.9 144 11.7 16.9
Digestible protein, g 40 96 56 110
Calcium, g 35 8.0 4.5 9.0
Phosphorus, g 2.5 4.5 3.5 5.5
AFRC, 1993 (2)
Dry matter intake, kg 1.4 1.6
Metabolizable energy, MJ 15.3 18.1
Metabolizable protein, g 95 108

Body weight 60 kg,

DLG, 2003 (17) milk, 1 kg 4.0% fat
Metabolizable energy, MJ 12.2° 14.7

"Minimal activity only.

21 MJ = 1,000 kJ; 1 kJ = 0.239 keal; 1 kcal = 4.184 kJ.

*Body weight 50 kg.

of the four countries (Table 2.12). For practical
usage of these tables it is necessary to add data from
tables of feed composition (75) and include addi-
tional calculations of rumen volume limitations for
feed intake, nutrient density of feed intake, mini-
mum long fiber contents, forage to concentrate ratio,
water requirements, mineral, trace element and vita-
min contents, and prices of ingredients, which is
usually too much for hand calculations and calls for
least-cost computer programs, which are common-
place for dairy cattle ration calculations but are not
well developed for small ruminants (76).

2.5 MILKING MANAGEMENT PRACTICES

The term “milkability” concerns the shape and
attachments fore and rear of the udder, the size and

position of the teats, the tightness of the teat sphinc-
ter, and the ready let-down of milk from the alveolar
gland. The gland cistern in the goat udder is relative-
ly large compared to cow and sheep udders and
therefore goats may milk out quicker, easier, and
faster than cows or sheep by hand or machine (56).
Shape and attachments of udder, and size and shape
of teats, can be improved by genetic selection
because of the relatively high heritability of these
type traits (86, 87). Hand milking is common but
limited to small herds. One person may milk between
20 to 40 goats per hour, with average yields of 1.5 kg.
Recommendations for the installation and proper
operation of milking machines have been published
by Le Mens and Le Jaouen (58), Billon et al. (5), and
Scruton (92, 93, 94) (Table 2.13). There has been
resistance to adopting milking machines because of
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Table 2.13. Recommendations for Milking
Machine Settings for Dairy Goats (5, 58, 92,
93, 94)

Range Recommendation
Vacuum level, kPa'
Claw level 35-41 39-45
Low line 38-42
Mid line 41-46
High line 44-48
Pulsations/minute 60-90 85
Ratio, % rest:milk 50:70 50:50
Minimum air flow, LPM?
Bucket system/unit 280
Pipeline/unit 700
Clean in place, airflow minimum, LPM
36 mm pipeline 700
48 mm pipeline 1,120
60 mm pipeline 1,680
Number of units/ slope of line
36 mm pipeline
0.8% slope 3
1.0% slope 4
1.2% slope 4
1.5% slope 5
48 mm pipeline
0.8% slope 6
1.0% slope 8
1.2% slope 10
1.5% slope 12
60 mm pipeline
0.8% slope 12
1.0% slope 14
1.2% slope 16
1.5% slope 18

'kPa = kilo Pascal; 1 kPa = 7.5 mm Hg.
’LPM = liter/minute.

preconceived ideas that they would cause mastitis,
and also for financial reasons, but larger commercial
herds need machines, and the greater convenience to
labor is another positive argument, even for small
herds. International symposia on machine milking of
small ruminants have helped disseminate research
results on the proper use of milking machines and
installations (9, 18, 55). Many designs of milking
machines and parlors for cows have also been devel-
oped and adapted to the different size of goats by the
leading companies Alfa-Laval, Westfalia, Gascoyne,
Bou-matic, and others. Three groups of milking sys-

tems may be distinguished, which may use portable
buckets or pipeline(s) and are single or double row in
systems [ or I (56):

I. Milking in the barn; parallel parking; milking
from behind
II. Milking parlor; linear platform type
a. Parallel parking; milking from behind
b. Herringbone-type parking; milking from the
side
c. Head-to-toe parking; milking from the side
III. Milking parlor; rotary platform type
a. Head-in; parallel parking; milking from the
outside from behind
b. Head-to-toe parking; milking from inside or
outside from the side

Goats may be fed a concentrate/grain ration in
either system to entice them to enter the milking
system, but many commercial herds do not feed
goats in the parlor. Dry milking is encouraged be-
cause of lower bacteria scores compared to wash-
ing the udder before milking, since goat udders are
normally much cleaner than cow udders (56).
Pipelines are preferably low lines so that the milk is
not lifted from the udder to the bulk tank, thereby
avoiding oxidized flavors. Commercial herds and
goat purebred breeders participating in sire-proving
schemes have milking facilities that include auto-
matic take-off to eliminate overmilking, computer-
ized milk metering for official lactation record
keeping, sampling devices, and in-place-cleaning
systems. Some commercial parlors can handle 50
goats in each row, managed by usually two people
in order to get herds of 2,000 dairy goats milked in
four hours twice a day.

Three-times-a-day milking is more common in
some dairy sheep or dairy cow herds because goats,
in contrast to dairy sheep, normally have a long lac-
tation of 10 months without that extra stimulation of
three-times milking. Some goat managers milk their
goats even as long as two years without much loss in
persistency, if pregnancy is delayed for a year (64).
Three-times-a-day milking increases milk yield
immediately and in the long term. Unilateral (one
udder half) studies in seven British Saanen for 37
weeks showed that the thrice-daily milked gland
responds in increased milk yield due to several phys-
iological phases (104). First, an acute increase is due
to the removal of a feedback inhibitor. Second, the
gland develops within two weeks a greater synthetic
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capacity through higher parenchyma weight and
more accumulation of at least 10 key enzymes, such
as CoA carboxylase, fatty acid synthetase, galacto-
syl transferase, glycerol acyltransferase, and thymi-
dine incorporation into DNA. Third, there is an in-
crease in metabolic flux. Finally, a difference in
mammary alveolar cell populations occurs between
the twice and the thrice-milked glands. Skipping one
milking per day, such as on Sunday for social rea-
sons, will decrease milk yield by 5% over the entire
lactation and may change milk composition, or
decrease by 1% when started after 150 days in the
lactation (56). Once-a-day milking every day will
reduce yield by about a third and shorten lactation
length by at least two weeks.

2.6 SEASONAL IMPACTS

Lactation milk yield of goats is influenced by season
of kidding, especially under range pasturing man-
agement systems. Lactations starting in spring time
or before the rainy season may benefit from better
forage growth conditions and have a longer lactation
length, but this may not apply to indoor feeding
management systems. In France, about 75% of lac-
tations start in January through March, but milk
yields of lactations starting in October through
December were about 200 kg higher (28). Most
tropical goats have estrus all year round, in contrast
to most goat breeds in temperate zones, which are
seasonal breeders (15). However, this is a matter of
breeds rather than of climate or latitude. It has been
determined that the date of first estrus of the season
in the first year is heritable at 24% and repeatable at
29% from the first to the second year (85). Thus, it is
possible by selecting for this trait to advance the
beginning of breeding season and achieve nonsea-
sonal polyestrus for year-round milk production.
Two kiddings per year have been reported for Black
Bengal goats in Pakistan (63), but three kiddings in
two years are more common in the tropics and the
Caribbean (15), while one annual kidding is usual in
Europe and North America.

Seasonal breeding of goats is regulated by the
annual biological rhythms under the influence of
the pineal gland (epiphysis) through its output of
hormones and neurotransmitters (46). Melatonin is
secreted by the pineal gland and is present in high-
er amounts in blood plasma and cerebral spinal flu-
id at night, following nyctohemoral cycles. It has a

pro-gonadotrophic effect in short-day breeders,
such as goats and sheep, and is the link to the hypo-
thalamus, apprising it of day length. Melatonin will
increase as the dark period length increases. Treating
goats with melatonin can advance the onset of
estrus. The main environmental influence of season-
al breeding is the photoperiodic ratio of light to dark
and the light intensity during a 24-hour cycle (23). In
seasonal breeding goats, it is the decreasing light-to-
dark ratio that induces estrus in does and stimulates
sexual behavior in bucks. Artificially decreasing day
length by darkening rooms with drawn window
shades in indoor management systems will advance
estrus in goats. Hormonal treatments of goats with
intra-vaginal sponges or injections, as commonly
practiced for estrus synchronization, will also pro-
duce fertile estrus regardless of season (15).
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2.2 Goat Milk—Chemistry and Nutrition

Young W. Park

1 INTRODUCTION

Although goats produce approximately 2% of the
world’s total annual milk supply (45), their contribu-
tion to the nutritional and economic well being of
mankind is tremendous in many parts of the world,
notably in the Mediterranean countries and in the
Middle East (64, 71, 108). Worldwide, more people
drink the milk of goats than milk of any other single
species (54, 103, 106, 108). Goat milk differs from
cow or human milk in higher digestibility, distinct
alkalinity, higher buffering capacity, and certain
therapeutic values in human medicine and nutrition
(39,54, 104, 108, 109, 125, 141). Due to the unavail-
ability of cow milk, goat milk and its products are
important daily food sources of protein, phosphate,
and calcium in developing countries (54, 104).

Interest in dairy goats and goat milk products is a
part of the recent trend in health food demand and
consumption in some developed countries; there is
also arenewed interest in goat milk as a substitute for
those who suffer from allergies or intolerance against
cow milk (28, 103, 108, 134, 136, 139, 141). Goat
milk cheeses also recently gained increasing popular-
ity among certain ethnic groups, health food lovers,
and private goat farmers in the United States. (103).

Unlike the cow milk industry, large-scale indus-
trialization of dairy goat production in many coun-
tries is limited due to the low level of milk produc-
tion, which is approximately 50 kg per doe per
lactation annually (64, 77). The major nutrient com-
position of goat milk resembles cow milk, whereas
goat milk has its unique chemical, biochemical,
physical, and nutritional characteristics compared to
other species’ milk.

2 CHEMICAL COMPOSITION OF
GOAT MILK

2.1 Basic COMPOSITION

The basic composition of goat milk is similar to that
of cow milk. As in the case of cow milk, composition
of goat milk varies with diet, breed, animals within
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breed, parity, environmental conditions, feeding and
management conditions, season, locality, and stage
of lactation (128, 137). Caprine milk, on the average,
contains 12.2% total solids, consisting of 3.8% fat,
3.5% protein, 4.1% lactose, and 0.8% ash (Table
2.14), indicating that it has more fat, protein, and ash
and less lactose than cow milk. It is known that sig-
nificant variations occur in milk composition and
yield during different seasons and stages of lactation
within a milking cow, with a similar phenomenon
occurring in goat milk (Figure 2.17). The fat, total
solids, and protein contents of the milk are high in
early lactation, fall rapidly and reach a minimum
during the second to third months of lactation; they
then increase toward the end of lactation. This causes
an inverse relationship between the yield of milk and
percentage composition of these components (128).

Goat milk contains slightly less total casein but
higher non-protein nitrogen than the cow counter-
part (Table 2.14). The most remarkable difference in
basic composition between goat (or cow) milk and
human milk exists in protein and ash contents. Goat
and cow milk have substantially (three to four times)
greater levels of the two components than human
milk, which is species specific and directly related to
growth rate of the newborn of the respective species.
Differences in total solids and caloric values among
goat, cow, and human milks are not significant (54,
59, 119). The prominent difference is in the propor-
tion of energy derived from lactose and protein. Fat,
protein and lactose in goat and cow milks account

Table 2.14. Basic Composition of Goat, Cow,
and Human Milks (Mean Values per 100 g)

Constituents Goat Cow Human
Fat (g) 3.8 3.6 4.0
Protein (g) 35 33 1.2
Lactose (g) 4.1 4.6 6.9
Ash (g) 0.8 0.7 0.2
Total Solids (g) 12.2 12.3 12.3
Calories (cal) 70 69 68

Data from Posati and Orr (119), Jenness (59), and
Haenlein and Caccese (54).
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Figure 2.17. Composition of all Ontario milk, 1972. Adapted from Irvine (56).

for approximately 50, 25, and 25% of the energy,
respectively, whereas human milk contributes 55, 7,
and 38% (59).

2.2 Lirips
2.2.1 General Characteristics of Goat Milk Fat

One of the significant differences between goat and
cow milk is found in the physico-chemical structure
and composition of milk fats. The average size of
goat milk fat globules is about 3.5 micrometers as
compared to 4.5 micrometers for cow milk fat (43,
54, 131). Average diameters of fat globules for goat,
cow, buffalo, and sheep milks were reported to be
3.49, 4.55, 5.92, and 3.30 pm, respectively (Table
2.15). Smaller fat globules make a better dispersion
and more homogeneous mixture of fat in goat milk,
which would provide lipases with a greater surface
area of fat for enhanced digestive action. From a
human health standpoint, natural homogenization of
goat milk would be better for digestion than the
mechanically homogenized cow milk products (28,
54). This smaller physical size of goat milk fat glob-
ules appears to be associated with poor creaming
ability of goat milk. However, reports suggest that
clustering of fat globules is favorably achieved by
agglutinin, which is deficient in goat milk, whereby

it has a weaker creaming ability than cow milk,
especially at lower temperature (28, 54, 59, 67, 95).

Goat milk contains 97-99% of free lipids and
1-3% bound lipids of total milk fat (Table 2.16).
The ratio of bound to free lipids is comparable to
that for cow milk (24). Fractional compositions of
free lipids of goat milk are similar to those of cow

Table 2.15. Frequency Distribution of
Average Size Fat Globules in Milk of Goats,
Buffaloes, Cows, and Sheep

Diameter Goat Cow Buffalo Sheep
(pm) (%)

1.5 28.4 10.7 7.9 28.7

3.0 34.7 32.6 16.6 39.7

4.5 19.7 22.1 16.4 17.3

6.0 11.7 17.9 20.3 12.1

7.5 44 12.2 20.9 2.0

9.0 1.0 3.1 10.5 2

10.5 2 1.4 1.7 C.

12.0 C .1 2.0 .1

13.5 Ce C 4

15.0 C R 3

16.5 RN c. C

18.5 c. c. .1 c.

Average 3.49 4.55 5.92 3.30

Fahmi et al. (43).
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Table 2.16. Quantitative Distribution of Lipids
in Bound and Free Fractions of Goat Milk

Lipid Components % Total Lipid

Free Lipids 97-99%
Triglycerides 96.8
Diglycerides 22
Monoglycerides 0.9

Bound Lipids 1-3%
Neutral lipids 46.8
Glycolipid 8.5
Phospholipid 44.7

Cerbulis et al. (24).

milk. Free lipids of goat milk contained 96.8% tri-
glycerides, 2.2% diglycerides, and 0.9% monoglyc-
erides, whereas bound lipids contained 46.8% neu-
tral lipids and 53.2% polar lipids (8.5% glycolipides
and 44.7% phospholipids).

In the light of skim milk fraction, goat milk dis-
played almost a double amount of free lipids as
compared to cow counterparts, whereas the opposite
trend was found for bound lipids of both goat and
cow milks (Table 2.17). Polar lipids make up ap-
proximately 1.6% of the total lipids (25).

Of the polar lipid fraction, glycolipids make up
16% in goat milk as compared to the 6% in cow
milk (96). Quantitative analysis of the phospholipid
fraction of bound lipids of goat milk revealed that it
had 35.4% phosphatidyl ethanolamine, 3.2% phos-
phatidyl serine, 4.0% phosphatidyl inositol, 28.2%
phosphatidyl choline, and 29.2% sphingomyelin.
Species differences in phospholipid fractions appear
to be insignificant (Table 2.18). Holding goat milk
for 1-2 days at 4°C increased the phospholipids and
cholesterol in the skim milk fraction, probably as a

result of damage to the fat globules (114). Owing to
this reason, more neutral lipids would be retained in
the skim milk.

2.2.2 Fatty Acid Composition of Goat Milk

The comparison of fatty acid composition of total
lipids showed that goat milk fat has significantly
higher levels of short and medium chain length fatty
acids (MCT) (C4:0-C14:0) than cow and human
milks (Table 2.19) (53, 59, 60, 62, 64). Goat milk
has almost twice higher amounts of caproic (C6:0),
caprylic (C8:0), and capric (C10:0) acids than cow
milk does, which are highly correlated to “goaty”
flavor (54, 59, 64). The higher levels of these short-
chain acids may be attributable to the differences
in polymerization of the acetate produced by the
rumen bacteria in goats (136). Human milk contains
an especially negligible amount of short-chain fatty
acids (62).

Goat milk has a unique characteristic in the lau-
ric:capric fatty acid (12:10) ratio, where it has a sig-
nificantly lower ratio than cow milk (0.46 vs. 1.16)
(57). The ratio becomes proportionally larger with
increased substitution of cow milk in lieu of goat
milk. The detection of the extent of adulteration of
goat or sheep milk or cheese with cow milk or
cheese has been used in the dairy industry (57, 101).
The remarkably high concentrations of C16:0 and
C18:1 (oleic) acids in goat and cow milk fats are not
species specific, but rather they are common to most
mammals (Table 2.19).

Significant differences in long-chain fatty acids
(C16:0, C18:0, and C18:2) of goat milk were ob-
served among different milking herds, and five
branched-chain fatty acids (BCFA) (iso- and

Table 2.17. Comparison of Free and Bound Lipids in Fractions of Goat Milk with Cow Milk

(% of Total Lipid)

Cream Skim milk
Whole milk 1200 rpm 3000 rpm 1200 rpm 3000 rpm

Goat milk

Free 96.8 98.1 89.9 75.8 80.7

Bound 3.2 1.9 1.1 24.2 19.3
Cow milk

Free 97.3 98.8 98.4 43.2 41.1

Bound 2.7 1.2 1.6 56.8 58.9

Cerbulis et al. (24).
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Table 2.18. Distribution of Phospholipid Sub-Classes in Goat, Cow, and Human Milks

Percent of total phospholipids

Phospholipid fraction Goat milk Cow milk Human milk
Phosphatidyl ethanolamine 354 35 32
Phosphatidyl choline 28.2 30 29
Sphingomyelin 29.2 24 29
Phosphatidyl inositol 4.0 5 5
Phosphatidy] serine 32 2 4

Data from Cerbulis et al. (24); Renner et al. (123).

anteiso-C15:0, iso- and anteiso-C17:0, and iso-
C16:0) with >0.1% of the total fatty acid methyl
esters and another 31 (the most monomethylated)
with <0.1%, including 4-ethyloctanoate, were iden-
tified in caprine milk (4). Numerous BCFA (all hav-
ing more than 11 carbon) were identified and quanti-

fied (88), and more than 20 volatile BCFA were
identifed in caprine cheese (52). Iso and anteiso
acids predominated in the BCFA of goat milk, in
proportions similar to those of cow milk (64). Goat
milk fat has a range of other monomethyl-branched
components, mostly with methyl-substitution on

Table 2.19. Fatty Acid Composition of Total Lipid and Cholesterol Esters of Goat, Cow, and

Human Milks

Cholesterol esters

Fatty Total lipid (g/100g fat) (g/100g CE)
acid Goat Cow Human® Goat® Cow'
C4:0 2.6*(3.3-4.8) 3.3°(2.5-6.2)° -

C6:0 2.9 (1.7-3.0) 1.6 (1.5-3.8) Tr

C8:0 2.7 (1.5-3.6) 1.3 (1.0-1.9) Tr

C10:0 8.4 (6.4-11.1) 3.0 (2.1-4.0) 1.3 5.2 2.9
C10:1 Tr Tr Tr Tr 0.3
C12:0 3.3 (2.5-5.0) 3.1 (2.3-4.7) 3.1 4.2 4.1
C12:1 Tr Tr Tr 1.0 0.2
C13:0 Tr Tr Tr Tr Tr
C13:1 Tr Tr Tr 0.9 11.0
C14:0 10.3 (8.5-11.2) 9.5 (8.5-12.8) 5.1 9.2 6.9
Cl4:1 Tr Tr (0.6-1.5) Tr 1.4 0.5
C15:0 Tr Tr Tr 1.3 2.1
C15:1 Tr Tr Tr Tr 2.6
C16:0 24.6(25.1-38.4) 26.5 (24.0-33.3) 20.2 39.3 26.9
Cl6:1 2.2(0.7-1.7) 2.3(1.3-2.8) 5.7 Tr 11.9
C17:0 Tr Tr Tr Tr Tr
C18:0 12.5 (5.9-14.9) 14.6 (6.2-13.6) 6.0 9.0 6.7
C18:1 28.5(15.6-28.2) 29.8 (19.7-31.2) 46.4 26.5 13.7
C18:2 2.2 (1.8-4.0) 2.5(1.5-5.2) 13.0 2.1 10.1
C18:3 Tr 1.8 1.4 -

**Jenness (59) and Gone et al.(48).

“Juarez and Ramos (64) and Martinez-Castro (87).

“Keenan and Patton (66), and Jensen (62).
CE: Cholesterol esters, which is less than 4% of total cholesterol.
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carbons 4 and 6, but they are virtually absent from
cow milk, with only a trace amount of 6-methyl-
hexadecanoate detected (88).

The composition of hydrocarbon fraction of goat,
cow, and human milks showed that cow milk fat
constituted 70 ppm of hydrocarbons and goat milk
contained lower levels of squalene and phytene and
was more complex in structure (26). Hydrocarbons
of human milk were related more to human skin
lipids than to those of cow or goat milk fat. The
positional isomers of cis- and trans-octanoate in
goat milk fat was 86% of the cis-C18:1 in oleate
(A9) form, as opposed to 96% in cow milk (59, 61).
Both goat and cow milk fat contain adequate
amounts of essential fatty acids for human infants.

Goat milk has much higher glycerol ethers than
does cow milk, which appears to be important for
the nutrition of the nursing newborn (54). Goat milk
also contains lower levels of orotic acid than cow
milk does, which has a significant effect on the pre-
vention of fatty liver syndrome (54, 59).

2.2.3 Conjugated Linoleic Acid in Goat Milk

Conjugated linoleic acid (CLA) has gained great
attention in recent years because of its several bene-
ficial effects on health, including anticarcinogenic
activity (12, 74, 113), antiatherogenic activity (74,
75), the ability to reduce the catabolic effects of
immune stimulation (33, 74), the ability to enhance
growth promotion (30, 74), and the ability to reduce
body fat (102, 74). CLA is a mixture of positional
and geometric isomers of linoleic acid (C18:2) that
contain conjugated unsaturated double bonds (40).
The most biologically active isomer of CLA is cis-9,
trans-11-octadecadienoic acid, which accounts for
more than 82% of the total CLA isomers in dairy
products (31, 40).

Feeding canola oil at 2 and 4% of grain intake to
Alpine does increased CLA in milk by 88 and
210%, respectively, compared to the nontreated con-
trol group (93). It is possible to increase the CLA
content of goat milk by dietary manipulation and
supplementation with certain ingredients such as
addition of canola oil. Because cows fed on only
pasture produced milk fat with a higher CLA con-
tent than did cows receiving less feed from pasture
(40), it is expected that dairy goats would produce
higher CLA content in goat milk under the same
feeding conditions.

Full fat rapeseed supplements resulted in substan-
tial increases in CLA in cow milk over unsupple-
mented controls (74). Adding oil rich in unsaturated
acids (C18:2—C18:3), which undergo saturation in
the rumen, increases the C18:0 and C18:1 acid con-
tent (44). Feeding encapsulated lipids in formalde-
hyde-treated casein led to a marked increase in the
proportion of C18:2 and C18:3 acids in the milk
(64), where increase in CLA is possible although it
is not tested.

2.2.4 Free Fatty Acids in Goat Milk

Free fatty acid (FFA) content of goat milk is 3.11
eq/ml compared with cow milk (3.0 p eq/ml) and buf-
falo milk (3.4 . eq/ml) (2). Percent fat and FFA con-
tent are highly correlated in goat milk only. The FFA
content in goat milk varies with breed and stage of
lactation, being maximum during mid-lactation (2).

The FFA fraction in goat milk has been related
to “goaty” flavor intensity in the milk. A positive cor-
relation exists between goaty flavor and free fatty
acids (5.6 and 2.7 meq/L in samples stored for
strong and weak flavor) (10). However, other factors
may be involved in that flavor because samples with
the same free fatty acids contents showed sometimes
quite different flavor (64).

Qualitative and quantitative profiles for most
branched-chain FFA were similar in cow, sheep,
and goat milks, except that 4-ethyloctanoic acid
was found in cow milk cheese (52). Table 2.20
shows concentrations of volatile free fatty acids and
volatile total fatty acids in goat and sheep milk
cheeses. Milk fat of cows contained low concentra-
tions of 4-methyloctanoic acid, but milk fat of
sheep and goats contained significant amounts of
both 4-methyloctanoic and 4-ethyloctanoic acids,
which contributed mutton-like and goat-like flavors,
respectively (52). Quantification of free fatty acid
(FFA) in goat cheeses indicated that they had high-
er levels of C8:0 and C10:0, characterizing a strong
goaty flavor (144).

Flavor intensity increased in Italian cheese as
short-chain FFA concentrations increased. FFA pro-
files of goat, sheep, and cow cheeses were similar,
with the exception of 4-ethyloctanoic acid which
was present in goat and sheep cheese, but was
absent in the cow cheese (52). Concentrations of
4-methyloctanoic acid in goat Cheddar cheese
increased significantly from day 1 in the 12-week
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Table 2.20. Concentrations (ng/g Cheese) of Volatile Free Fatty Acids (VFFA) and Volatile Total
Fatty Acids (VTFA) in Cheeses from Goat and Sheep Milk

Goat milk cheese Sheep milk cheese
VFFA VTFA VFFA VTFA
Peak No. Fatty acids A B C A A A
1. Butanoic 3.50 0.72 31.8 7030 32.0 18,180
2. 2-Methylbutanoic —! — 2.26 1.18 248 32
3. 3-Methylbutanoic 0.05 — - 20.4 20.4 22.6
4. 2-Ethylbutanoic 0.95 — - 4.86 - —
5. Pentanoic 0.02 — 0.31 5.33 0.08 2.16
6. 3-Methylpentanoic — — — 2.71 — 0.66
7. 4-Methylpentanoic — — — 0.45 — 0.78
8. Hexanoic 11.3 0.76 61.2 6000 40.7 7230
9. 2-Ethylhexanoic 0.18 0.18 — 0.6 0.18 0.75
10. 4-Methylpentanoic 0.05 0.05 — 3.23 0.13 1.19
11. Heptanoic 0.33 0.03 0.90 21.6 0.51 10.9
12. 2,4-Dimethylheptanoic 0.04 0.21 — 1.43 — —
13. A methylheptanoic? 0.03 0.01 — 0.45 0.06 0.65
14. An ethylhepanoic® 0.03 0.02 — 0.83 — —
15. An ethylheptenoic® 1.82 1.88 0.39 6.59 — —
16. Octanoic 30.9 3.69 70.3 6006 383 7577
17. 4-Ethylheptanoic 0.11 0.06 — 0.97 0.28 0.31
18. 4-Methyloctanoic 0.09 0.02 0.26 9.70 0.08 2.79
A dimethyloctanoic? — — — — 0.09 0.22
19. 6-Methyloctanoic 0.04 0.02 — 0.12 0.08 0.28
20. Nonanoic 0.38 0.06 1.30 19.6 0.64 13.5
21. 4-Ethyloctanoic 0.01 0.01 0.05 2.84 0.13 0.19
22. 4-Methylnonanoic 0.05 0.01 0.11 1.80 0.07 1.17
23. 8-Methylnononoic 0.41 — — 0.63 — —
24. Decanoic 88.2 21.0 183 21,410 88.4 23,320
25. A methyldecanoic® — 0.09 0.13 3.15 0.08 0.72
26. 2-Ethyldecanoic — — 0.07 2.90 0.03 1.59
27. 9-Decenoic 2.30 0.51 4.01 63.5 2.56 533
'Not detected.

“Tentative identification.
Ha and Lindsay (52).

aging period (8). The 4-methlyoctanoic acid exhibit-
ed a mutton-like aroma at concentrations below 100
ppb, while 4-methyloctanoic acid blended easily
with the goaty aroma of 4-ethyloctanoic acid to pro-
duce distinctive goatiness (8, 52). The threshold
concentration of 4-ethyloctanoic acid for goaty aro-
ma was 1.8 ppb (14) and 6.0 ppb (15) in diluted cit-
ric acid solution at pH 2.0. FFA content increased
during storage at 4°C, where the FFAs initially con-
sisted of short-chain acids but increased C16:0 and
C18:0 after 10 days (11).

Lipolysis in goat milk increases during storage at
room temperature for 4 h and 12 h (129). Goat milk
had significant correlation between spontaneous lip-
olysis and lipoprotein lipase activity, while no corre-
lation was found in cow milk (16, 29). Goat milk has
higher sensitivity to spontaneous lipolysis than cow
milk due to the difference in lipase distribution. Acid
degree value (ADV) is a measure of lipolysis or
degree of formation of FFA in milk and dairy prod-
ucts. The ADVs of goat milk cheeses steadily in-
creased as the aging period advanced (63).
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2.2.5 Cholesterol and Unsaponifiable Fat in
Goat Milk

Cholesterol contents of goat, cow, and human milk
were reported as 11, 14, and 14 mg/100 g milk, re-
spectively (119), indicating that goat milk contains
a lesser amount of cholesterol than other milks, even
though the former has higher total fat than the lat-
ter. The reported low cholesterol value in goat milk
may be of importance to human nutrition, since cho-
lesterol is implicated with coronary heart disease.
However, cholesterol in goat milk is usually in the
range of 10-20 mg/100 ml milk (59). As in cow
milk, most cholesterol in goat milk is in a free state
with a small portion in ester forms, 52 mg/100 g fat,
which constitutes less than 4% of the total choles-
terol (28, 59). Fatty acid composition of cholesterol
esters (Table 2.19) reveals that goat cholesterol
esters have greater palmitic and oleic acid fractions
than do cow counterparts (59, 64).

The level of unsaponifiable matter in goat milk is
24 mg/100 ml or 46 mg/100 g fat, which is compa-
rable to that in cow milk (6). Most of this milk lipid
fraction (91%) is cholesterol, which is about 420
mg/100 g fat (6). Significant variation in cholesterol
content was observed among different breeds, and
most of the cholesterol in goat milk is in free state,
with only a small fraction in the ester form, 52
mg/100 g fat (6). Cholesterol esters of cow milk fat
represent about one-tenth of the sterol content in
cow milk (66). On the average, 66% of the free and
42% of the esterified cholesterol were associated
with goat milk fat globules (66).

2.3 CARBOHYDRATES

The major carbohydrate of goat milk is lactose,
which is about 0.2-0.5% less than that of cow milk
(28, 119). Lactose is a disaccharide made up of a glu-
cose and a galactose molecule, which is synthesized
in the mammary gland. Milks of most of the wild or
less domesticated mammalian species usually have
higher content of fat and lower content of lactose
than goat milk does (54). Cow milk contains minor
levels of monosaccharides and oligosaccharides,
while their presence in goat milk are not known (28).

2.4 PROTEINS
2.4.1 Major Proteins in Goat Milk

There are five principle proteins in goat milk: 3-lac-
toglobulin (B-Lg), a-lactalbumin (a-La), k-casein

(k-CN), B-casein (-CN), and o ,-casein (ag»-CN)
(21, 54, 92). These proteins were named after their
corresponding proteins of cow milk due to their ho-
mologous nature in composition and properties (143).
The casein composition in goat milk is influenced by
genetic polymorphism on the casein loci (136).

Electrophoretic mobility under standard condi-
tions shows that (3-casein is the major component of
the casein fraction in goat milk, whereas o -casein is
the major casein in cow milk. Total casein content of
goat milk is slightly lower than that of cow milk
(Table 2.21). The percentages of a;- and a,-caseins
in goat milk are markedly different from those in cow
milk, where goat milk has much lower ay; and higher
o, than cow milk (27, 122). However, goat milk
showed considerable variations in its g ;-casein con-
tent, ranging from 2.7 g/l to only 0.12 g/1 (94). Ex-
pression of o -casein may be genetically regulated in
certain breeds such as French-Alpine. Beta-casein is
the most abundant protein in goat and human milks,
while oy is the major protein in cow milk. Levels of
a,-casein are minimal in human milk (Table 2.21).

Percent composition of different protein fractions
in goat and cow milks are summarized in Table 2.22.
The result of an immunoassay showed that 3-lac-
toglobulin contents were similar in goat and cow
milk, but goat milk contained nearly twice as much
a-lactalbumin as cow milk (59). However, another
report revealed that the a-lactalbumin content in the
two milks is about equal, and [3-lactoglobulin con-
tent in goat milk is practically double the a-lactalbu-
min content (132).

Beta-lactoglobulins (3-Lg) in goat milk has been
separated and sequenced. Goat 3-lactoglobulin has
three less-negatively charged and one more positive-
ly charged residues than bovine (-lactoglobulin at
pH of 5 t0 9 (59). The difference in ionizable groups
explains the difference in titration curves for the two
proteins and the slower electrophoretic mobility
of goat (-lactoglobulin at alkaline pH levels (59).
The a-lactalbumins play an important role in milk
biochemistry because they are part of the lactose-
synthetase enzyme involved in synthesis of lactose.
Cow and goat a-lactalbumins have been sequenced.

2.4.2 Characteristics of Individual Proteins of
Goat Milk

2.4.2.1 as-caseins Among cow milk proteins, the
o-caseins have one major component, oy -casein,
and several minor components (143), where the
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Table 2.21. Caseins, Minor Proteins, and Enzyme Contents of Goat Milk in Comparison with

Those of Cow and Human Milks

Proteins Goat Cow Human
Protein (%) 35 33 1.2
Total casein (g/100ml) 2.11 2.70 0.40
oy (% of total casein) 5.6 38.0 —
o, (% of total casein) 19.2 12.0 —
3 (% of total casein) 54.8 36.0 60-70.0
K (% of total casein) 20.4 14.0 7.0
Whey protein (%) (albumin and globulin) 0.6 0.6 0.7
Nonprotein N (%) 0.4 0.2 0.5
Lactoferrin (pg/ml) 20-200 20-200 <2000
Transferrin (pg/ml) 20-200 20-200 50<
Prolactin (pg/ml) 44 50 40-160
Folate-binding protein (pg/ml) 12 8 —
Immunoglobulin
IgA (milk:pg/ml) 30-80 140 1000
IgA (colostrum:mg/ml) 0.9-2.4 39 17.35
IgM (milk:pg/ml) 10-40 50 100
IgM (colostrum:mg/ml) 1.6-5.2 4.2 1.59
1gG (milk:pg/ml) 100-400 590 40
1gG (colostrum:mg/ml) 50-60 47.6 0.43
Lysozyme (jg/100ml) 25 10-35 4-40
Ribonuclease (pg/100ml) 425 1000-2000 10-20
Xanthine Oxidase (.l O,/h/ml) 19-113 120 —

Data from Chandan et al. (27), Jenness (59), Renner et al. (123); Remeuf and Lenoir (122).

o-caseins possess the fastest electrophoretic mo-
bility and are precipitated in 0.4 M CaCl, at pH
7.0 and 4°C (143). The «,-caseins are capable of
being stabilized by k-casein against precipitation,
and «,-caseins in goat casein represent a much
smaller proportion of total casein than that in
bovine casein (112). This type of goat casein was
found to be compositionally similar to the minor
bovine casein formerly called “o,-, 03—, Cty-, Qg
caseins,” which are later designated simply as o,-
caseins (18). There is one major difference between
oo~ and oy -casein, which is a disulfide linkage in
the former but a complete lack of disulfide or thiol
in the latter (59).

Polymorphism of a;-casein controls the level of
a-casein excretion in milk, and more than 18 al-
leles have been identified in goat milk (136). These
alleles are distributed among seven different classes
of protein variants (o;-casein A—G) and associated
with 4 levels of oy -casein expression ranging from
0 (null allele o ;-Cn®) to 3.5 g/1 per copy of each A,
B or C (strong) alleles (136). The allele E (medium)

is related to an intermediate content (1.1 g/l per
allele), and those that are F and G (weak) are associ-
ated with low contents of ag-casein (0.5 g/l per
allele) (136).

The SAQ is an index for the degree of similarity
between amino acid composition of each of the goat
proteins and that of its corresponding bovine ho-
molog (86). The amino acid compositions of bovine
oy - and as,-caseins are markedly different (SAQ =
82), where their respective polypeptide chains have
199 and 207 residues. Peptides formed from goat or
sheep casein by proteases were less bitter than those
from cow casein, suggesting that the lower bitter-
ness in goat and sheep cheeses than in cow cheeses
is attributable to the lower (or total lack of) -
casein in the former (59, 116).

Goat casein has a negligible (or total lack of) lev-
el of oy -casein, where as little as 1% of cow milk
added to goat milk could be detected by o;-casein
band in gel electrophoresis (7, 59, 117). However, a
recent report (94) showed that goat milk can contain
considerably variable levels of oy -casein ranging
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Table 2.22. Comparison of Major Protein Composition
(%) of Goat Milk with Those of Cow Milk

Goat milk Cow milk

Protein Study 1 Study 1 Study 2
Total casein 2.14-3.18 2.28-3.27 2.6
o, - casein 0.34-1.12 0.99-1.56 1.26
B - casein 1.15-2.12 0.61-1.41 0.93
K - casein 0.42-0.59 0.27-0.61 0.33
Total whey protein 0.37-0.70 0.88-1.04 0.81
[ - lactoglobulin 0.18-0.28 0.23-0.49 0.32
a - lactalbumin 0.06-0.11 0.08-0.12 0.12
Serum albumin 0.01-0.11 0.02-0.04 0.04

Study 1: Storry et al. (132).
Study 2: Jenness (59).

from 2.7 g/l to only 0.12 g/, depending on breeds of
goats. Expression of oy -casein may be genetically
regulated in certain breeds such as French-Alpine.

2.4.2.2 B-caseins As shown in Tables 2.21 and
2.22, the [-caseins are the major components
(54.8%) of total goat milk casein (59, 122, 123,
132). The B-casein has more numerous genetic vari-
ants than the other caseins, and their differentiation
by gel electrophoresis is more complicated (143).
[3-caseins appear in decreasing mobilities in alka-
line gel electrophoresis (9% cyanogum, 3.5 M urea)
in the following order: A' = A> =A*>B =B, >
D,E > C (69). On the other hand, their order of
decreasing mobility is changed in acid gels (10%
cyanogum, 4.5 M urea) as: C > B =B, =D > Al
=E>A>> A’

The A variants of 3-casein can be differentiated
from the B, C, and D variants by alkaline gel elec-
trophoresis, whereas A variants from each other can
be differentiated by acid gel electrophoresis (143).
The B-casein Bz, the genetic variant, has elec-
trophoretically the same behavior as 3-casein B,
except for possessing a different peptide map for its
chymotryptic digest (59, 143).

The primary structure of [-casein has been
defined with a calculated molecular weight of
23,980. The positive charge at position 37 in [3-
casein C is thought to hinder phosphorylation of
Serss, while the negative charge in all other genetic
variants at position 37 may facilitate phosphoryla-
tion at Serzs. B-casein E has been discovered in
Italian Piedmont cattle (140) but has not been com-

pared with the D variant, and their relative mobili-
ties in alkaline gel have not been defined (143).

2.4.2.3 v-caseins Through amino-acid analysis,
molecular weight, peptide maps and partial amino-
acid sequencing, y-caseins have been shown to be
identical with fragments of 3-casein. The y-caseins
occur as four distinct polymorphs, A' A% A3 and B,
and they are related to the corresponding (3-casein
by cleavage of the Lys,g - Lys,o bond, (i.e., which is
expressed as B-A% — 'y-Az). This indicates that -y-
casein variants consist the residues 29 — 209 inclu-
sive of the corresponding variant of 3-casein, which
means that y;-casein is identical to the fragment of
B-casein from residue 29 to 209 (50, 143).

It was also theoretically shown that cleavage of 3-
casein A” at Lys;os and Lys;(; yields the two C-ter-
minal fragments, which are identical with the TS-A2
and R-caseins, whereas fragmentation of (3-casein B
yields segments identical with the S- and TS-B
caseins (143). The fragment of B-casein from 106 to
209 is termed as vy,-casein, while that of (-casein
from 108 to 209 is termed as y3-casein (143).

2.4.2.4 k-caseins The k-casein is the only com-
ponent of the goat milk caseins of which the entire
sequence of amino acids has been determined (36).
The sequence of k-casein differs from its bovine
counterpart in having a chain of 171 instead of 169
amino acids residues, Val and His being inserted at
positions 132 and 133. As with the bovine homolog,
goat k-casein has Phe in position 105 and Met in
106 (59). Rennet enzyme hydrolyzes the k-casein
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molecule between these two residues, producing the
fragments known as para-k-casein (residues 1 to
105) and caseinomacropeptide (residues 106 to 171)
(59).

The k-caseins occur in the form of a mixture of
polymers held together by intermolecular disulfide
bonds (133). There are two genetic variants of k-
casein, A and B. The casein homozygous from either
variant of k-casein assayed by alkaline gel elec-
trophoresis in the presence of percaptoethanol and
ureas showed several bands with mobilities slower
than 3-casein (81, 143). The complexity of slow-
er mobility of k-casein (molecular weight about
19,000) than B-casein is attributable to the differ-
ences in carbohydrate content of these k-caseins,
which varies from zero to possibly 5 carbohydrate
chains (124).

2.4.2.5 Whey Proteins There are three major
whey or serum proteins other than casein fractions
in milk; those are bovine serum albumin, (-lacto-
blobulins, and a-lactalbumins, in addition to some
immunoglobulins and proteose-peptone fraction (59,
143). Because B-lactoblobulins and a-lactalbumins
are generally in significant quantities in whey pro-
teins, only these two proteins are further discussed
here.

2.4.2.5.1 B-lactoglobulins Goat B-lactoglobulin
(B-Lg), as with its bovine homologs, consists of a
polypeptide chain of 162 amino acid residues, and it
differs from bovine B-Lg B at six positions includ-
ing both terminal residues (59). The N-terminal Leu
of bovine B-Lg B is replaced by Ile, Asp 53— Asn,
Asp 130— Lys, Ser 150 — Ala, Glu 158 — Gly, and
Ile 162 — Val. This indicates that goat B-Lg has
three less negatively charged and one more positive-
ly charged groups than bovine 3-Lg at pH 5 to 9 (22,
59). Goat and cow [3-Lg’s are structurally different,
where goat 3-Lg is considerably less stable than the
bovine variants to denaturation in urea, and goat and
cow B-Lg’s can be distinguished immunologically
by microcomplement fixation technique (3, 59).
B-lactoglobulin A variant has calculated molecu-
lar weight of 18,362, and there is only one sulf-
hydryl group per molecule, which is distributed
equally between positions 119 and 121 while a di-
sulfide bridge is located either between positions 106
and 121 or 106 and 119 depending on the position
of the sulthydryl group (90, 118). B-lactoglobulin

genetic variants A, B, C, and D are originated from
point mutations, and the differences between genetic
variants are from substitutions of amino acids at dif-
ferent positions (59).

Goat milk 3-lactoglobulin has three less negative-
ly charged and one more positively charged residues
than bovine B-lactoglobulin at pH 5 to 9. This differ-
ence in ionizable groups explains the difference in
titration curves and the slower electrophoretic mo-
bility of goat (3-lactoglobulin at alkaline pH levels
(64).

2.4.2.5.2 «a-lactalbumin Goat o-lactalbumin (a-
La) is shown to be devoid of methionine, which
resembles sheep a-La where all other a-La’s con-
tain one of the three methionine residues (80).
Through a complete amino acid sequence analysis,
12 differences were shown between goat a-La and
bovine a-La B (a variant in European cattle) in the
chain of 123 residues (80). One of these differences
was found at position 10, where goat a-La has Gln
as in bovine a-La A (a variant in Indian cattle)
instead of the Arg as in bovine a-La B (59).

Because goat a-La has immunological crossreac-
tivity with other a-La’s, it is distinguishable from
bovine a-La by microcomplement fixation tech-
nique or by absorptoin of antibodies by columns of
matrix-bound a-La (120). The conformation of goat
a-La has been shown to be similar to that of the
bovine homolog by various optical analyses, where
the two species proteins have equal exposure of Tyr,
Trp, and Lys groups in their conformation (59).

o-Lactalbumin is present in all milks that contain
lactose because it is required for biosynthesis of lac-
tose at meaningful rates (42). a-Lactalbumin is con-
sidered best as a modifier protein in that it changes
the apparent K., of the substrate, glucose, and does
not appear to participate directly in the catalytic
reaction (42). The mechanism of the action of a-lac-
talbumin has been elucidated: The enzyme galacto-
syltransferase, complexed with Mn>", transfers
galactose from uridinediphosphogalactose to a car-
bohydrate acceptor. In the absence of a-La, the
acceptor is a nonreducing N-acetyl-glucosamine
residue on a glycoprotein because the transfer of
galactose to glucose is slow, whereas in the presence
of a-La the transfer is rapid and glucose becomes an
effective substrate (42, 143).

a-Lactalbumin has its two genetic variants, A and
B. The B-variant is the slower moving one in
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alkaline gel electrophoresis, which is the only vari-
ant in milk of Western cattle, whereas both A and
B variants are present in milk from African Fulani
and African and Indian Zebu cattle (13). The major
component of a-lactalbumin possesses four disul-
fide bonds, and the isolation of an «-lactalbumin
with three disulfide bonds from an a-lactalbumin B
preparation accounts for approximately 5% of the
total a-lactalbumin. The sequence of amino acids in
o-lactalbumin is similar to lysozymes, where a three-
dimensional model of a-lactalbumin was demon-
strated on the basis of the coordinates of hen’s egg
white lysozyme (19).

2.4.2.5.3 Bovine Serum Albumin Goat milk con-
tains bovine serum albumin (BSA), which appears
to be homologous to cow milk whey protein, which
is identical to albumin from bovine blood serum.
BSA has molecular weight of 66,267 and is a rod-
shaped protein, containing one cysteine and 17 cys-
tine residues and partially unfolded at low (<4) and
high (>8) pH values (138). Both BSAs in milk
whey and bovine blood serum are identical, except
for heterogenous behavior in electrophoretic proper-
ties at pH 4.0 (143).

The BSA is heterogenous in nature and its mole-
cule is reportedly a single peptide chain with one
free sulthydryl group at position 34 in the N-termi-
nal peptide and probably 17 intramolecular disulfide
bonds (143). The N-terminal and C-terminal amino-
acid residues of BSA are aspartic acid and alanine,
respectively.

2.4.2.5.4 Immunoglobulins Immunoglobulins
(IgGs, IgA and IgM) are isolated from goat milk,
while the literature on the characteristics and struc-
ture of goat immunoglobulins has been limited.
Immunoglobulin IgG types in both goat and cow
milks are much higher than in human milk, where
antigen derived from bacteria and viruses introduced
via the teat canal results in higher levels of IgG in
the mammary gland. Human milk, however, con-
tains greater levels of IgA and IgM type immuno-
globulins than goat and cow milks (Table 2.21).
Goat milk contains the IgG’s in greatest concentra-
tions as compared with other ruminants. Goat milk
contains similar ranges of immunoglobulins to those
of cow and sheep milk and colostrums (Table 2.21).
Radioimmunoassays showed that mature goat milk
contained 30 to 80 pg IgA, 10 to 40 g IgM, 100 to
400 pg IgG/ml, and goat colostrum contained much

higher than regular milk, having 0.9 to 2.4 mg IgA,
1.6 to 5.2 mg IgM, and 50 to 64 mg IgG/ml (100).

Certain aspects of structure have to be consid-
ered for the nomenclature of immunoglobulins (20,
143). The immunoglobulins are unique among the
milk proteins (143) in: (i) the molecular genetics of
their synthesis, (ii) their heterogeneity, and (iii)
their synthesis. Immunoglobulin nomenclature is
mainly based on immunochemical criteria includ-
ing crossreactivity with reference proteins, typically
from humans. Since the World Health Organization
introduced the first nomenclature for human im-
munoglobulins (23), continuous revision has been
made on it.

Immunoglobulin IgGl1 is the principal immuno-
globulin of bovine milk and colostrum, where IgG1
comprises as much as 80% of the total whey protein
in colostrum and precolostral secretions (78). Most
bovine IgG1 possesses a lower isoelectric distribu-
tion and greater net acidity than IgG2, thereby the
former migrates more anodally during electrophore-
sis at alkaline pH (20, 41, 78). Bovine immunoglob-
ulin IgG2 exists in less amount than IgG1, while
both are external excretions (41, 78). The IgG2 pop-
ulation has a characteristic mobility in immunoelec-
trophoresis, polyacrylamide gel electrophoresis, and
isoelectric focusing, while difficulty has been shown
in separation of IgG1 and IgG2 by electrophoretic
and ion-exchange methods (41, 78).

In comparison of immunoglobulins of different
species, it was confirmed that antigenic homology
exists between bovine IgM and its human counter-
part (91). The bovine immunoglobulin IgM has been
recognized in other species’ milk that has similar
physical, chemical, and biological characteristics of
bovine IgM (20).

Bovine immunoglobulin IgA is homologous in
other species, and their homologies to human coun-
terparts are also confirmed (41, 68, 78). Bovine
IgA is shown to be both physicochemically and im-
munochemically heterogeneous. The IgA is a major
immunoglobulin in most other species’ external
secretion, whereas it is a remarkably minor im-
munoglobulin in bovine colostrum and milk (20,
143).

2.4.3 Non-Protein Nitrogen and Other
Nitrogen Moieties of Goat Milk

Non-protein nitrogen (NPN) content in goat and
human milk are much higher than in cow milk (104)
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Table 2.23. Concentration of Total N, NPN, and Phosphate in Natural Goat and Cow Milk and

Soy-Based Infant Formulas’

Total N NPN P,0s
Milk group N? X SD X SD X SD
Goat milk
Alpine 25 390° 032 .048° .008 .166° 020
Nubian 25 .556% 013 061° 013 2128 015
Cow milk
Holstein 25 392¢ .058 033° 002 .173? 022
Jersey 25 .505° 043 .038° .004 211° 118
Formula milk
Brand A 5 2274 026 .020¢ .003 211° .008
Brand B 5 2594 016 0194 .003 1928 .053

abedeans with different superscripts within a same column are significantly different (P < .01).

1Expressed in grams per 100 ml.
“Number of determinations per mean value.
Adapted from Park (104).

(Tables 2.21 and 2.23). As compared with cow milk,
goat milk has higher non-protein nitrogen content,
8.7% as opposed to 5.2%, and a lower proportion of
coagulable proteins and caseins, 70.9% and 75.6%
compared to 73.0% and 77.8%, respectively (64).
Similar but a little higher (78.3%) casein content
was reported in pygmy goats (59). True protein is
calculated as crude protein minus NPN, where the
ratios of casein to true protein for goat and cow
milks are 82.7% and 82%, respectively.

NPN is composed of several nitrogenous com-
pounds, and its components (mg N/100 ml) in cow
milk include: 0.17 ammonia N, 6.54 urea N, 0.19
creatinine, 3.55 creatin, 1.55 uric acid, 2.20 a-amino
N, and 5.63 unaccountable N, respectively (60,
126). NPN contents in goat and cow milk also are
different between different breeds, where Nubian
has higher NPN levels than Alpine goats, and Jersey
cow has higher NPN than Hostein cow (104, 105)
(Table 2.23).

2.4.4 Amino Acid Composition of Goat Milk
Proteins

The amino acid compositions of goat milk proteins
reveal that differences between casein fractions are
much greater than differences between species (goat
vs. cow) within a casein fraction (Table 2.24). The
a-caseins contain greater aspartate, lysine, and tyro-
sine than do [-caseins, while the latter has higher

leucine, proline, and valine than the former. The o-
La contains significantly greater aspartate than does
B-Lg, whereas the opposite trend is shown for ala-
nine and glutamate concentrations.

In a comparative investigation on amino acid
composition of milks in many species of primates
relative to those of non-primates, Davis et al. (35)
reported that there were commonalities in the over-
all amino acid pattern of the milks of all species tested
(Table 2.25). The most abundant amino acids were
glutamate (plus glutamine, 20%), proline (10%),
and leucine (10%). The amino acid pattern of human
milk was more closely similar to that of great apes
than to that of goats or other non-primates. Among
the most abundant three amino acids, goat and other
non-primate milk contained greater glutamate and
proline, and less leucine than human milk. For sul-
fur-containing amino acids, cystine was higher and
methionine was lower in primate milks than in goat
and other non-primate milks (Table 2.25). Total
amino acid contents in goat and other non-primate
milks were substantially greater than those in human
and primate milks as previously shown (Table 2.26).
Other commonalities in all species milks were
essential amino acids (EAA) 40%, branch-chain
amino acids (BCAA) 20%, and sulfur amino acids
4% of the total amino acids. The EAA contents of
goat and cow milk were greater than those of human
milk, whereas the opposite trend was observed for
the BCAA contents (Table 2.26). Goat, cow, and
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Table 2.24. Comparison of Amino Acid Composition of Isolated Proteins of Goat Milk with Those

of Cow Milk (g/100 g Protein)

Amino o-casein® B-casein k-cn® v-cn® B-Lg° a-Lactalbumin
Acid Goat® Cow’ Goat Cow Goat Cow Goat Cow Goat Cow
Ala 2.80 3.8 2.35 2.0 9.36 2.3 9.88 7.0 4.07 2.1
Arg 3.69 43 1.41 34 2.92 1.9 1.85 2.8 0.81 1.2
Asp 7.71 8.4 4.23 49 9.36 4.0 8.64 11.4 17.89 18.7
Cys 0.81 0.43 0.00 0.0 1.75 0.0 3.09 34 6.50 6.4
Glu 22.88 22.5 20.19 23.2 15.20 22.9 14.81 19.3 10.57 12.9
Gly 0.90 2.3 2.82 1.6 0.58 1.5 3.09 1.4 4.07 3.2
His 2.70 2.9 2.35 3.1 2.34 3.7 1.23 1.6 2.44 2.9
Ile 4.90 6.4 4.23 5.5 6.43 4.4 6.17 6.9 6.50 6.8
Leu 5.34 7.9 9.39 11.6 4.68 12.0 12.96 15.5 10.57 11.5
Lys 11.10 8.9 5.63 6.5 4.68 6.2 9.88 11.8 10.57 11.5
Met 2.07 2.5 2.82 34 0.58 4.1 2.47 32 0.00 0.95
Phe 4.64 4.6 4.23 5.8 2.34 5.8 2.47 35 3.25 4.5
Pro 6.88 7.5 15.49 15.1 11.11 17.0 4.94 5.1 1.63 1.5
Ser 4.80 6.3 7.04 6.8 7.60 5.5 3.70 4.0 4.88 4.8
Thr 5.57 49 5.63 5.1 8.77 4.4 4.94 5.0 4.88 5.5
Typ 1.47 2.2 0.47 0.83 0.58 1.2 1.23 2.7 3.25 7.0
Tyr 7.07 8.1 1.88 32 5.26 3.7 2.47 3.7 3.25 5.4
Val 4.68 6.3 9.86 10.2 6.43 10.5 6.17 6.1 4.88 4.7

“a-casein represents ag,-casein for goat milk, and total ag-casein for cow milk.

Pk-casein for goat milk only.
“y-casein for cow milk only.
4B-Lg: Beta-lactoglobulin.
Jenness (59).

fWebb and Johnson (142) unit for goat milk data were converted from residue/mole to g/100 g protein.

human milks have a satisfactory balance of EAA
equalling or exceeding the FAO-WHO requirements
for each amino acid to human infants (59).

2.5 MINOR PROTEINS

Lactoferrin, transferrin, and prolactin contents of
goat milk are comparable to those of cow milk (Table
2.21). Human milk contains more than 2 mg lactofer-
rin/ml, which amounts to 10-100 fold higher than
goat milk. Goat and cow milk contain transferrin lev-
els of 20-200 wg/ml, while human milk contains
50< pg/ml. Prolactin was determined by radioim-
munoassay, and mean prolactin contents (g/ml) of
goat and cow milk were 44*5 (SE) and 50=1,
respectively (82).

Goat milk has higher levels of folate-binding pro-
tein than cow milk, causing actual folate content to
be lower in the former than the latter (Table 2.23;
28, 47, 123). Goat milk contains about 12 pg/ml of
folate-binding protein, which is a glycoprotein with

about 22% carbohydrate (47, 127), and binds 9.2 pg
folic acid/mg of protein (59).

Goat milk also contains immunoglobulins IgGs,
IgA, and IgM. Goat milk has similar ranges of
immunoglobulins to those of cow and sheep milk
and colostrums (Table 2.21). As occur in minor
whey proteins, caprine milk also has proteose-
peptones as do bovine and other milks. The pro-
teose-peptone fraction has been characterized as a
mixture of heat-stable acid-soluble (at pH 4.6) phos-
phoglycoproteins insoluble in 12% trichloroacetic
acid (126)

2.6 ENZYMES

Distribution of enzymes in goat milk is quite differ-
ent from that in cow milk (Table 2.21; 28, 29).
Ribonuclease level in cow milk is much greater than
in goat milk, where this enzyme is identical to
bovine pancreatic ribonuclease (64). Lysozyme con-
centrations of goat and cow milks are comparable
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Table 2.25. Amino Acids in Primate and Nonprimate Milks'

Species n Asp Glu Ser Gly His Arg Thr Ala Pro Tyr Val Met Cys lle Leu Phe Lys
mg amino acid/g total amino acid

Primate
Human 6 869 190.8 614 222 232 363 441 402 955 462 512 161 203 533 1041 37.1 71.6
Chimpanzee 5 884 2213 414 20.1 22,1 352 392 382 1042 43.1 562 172 162 503 1042 37.1 683
Gorilla 3 892 2038 473 222 251 352 434 392 99.6 421 562 202 16.1 541 1023 381 712
Baboon 5 804 1946 531 141 212 562 39.1 382 107.6 40.1 553 21.2 102 541 1053 432 69.6
Rhesus 6 73.8 1915 483 141 202 474 402 402 1124 41.1 522 252 123 573 1113 441 72.6

Nonprimate
Cow 4 705 2082 561 18.1 241 341 421 321 1004 47.1 522 261 9.1 471 99.1 50.1 86.2
Goat 2 751 209.1 495 182 26.1 29.1 49.1 345 1068 381 6l1.1 252 9.1 48.1 963 47.1 80.1
Sheep 6 752 2034 521 18.1 26.1 34.1 41.1 40.1 1022 472 572 29.1 81 49.1 904 48.1 833
Llama 3 71.1 2201 412 141 29.1 36.1 441 25.1 1022 40.1 551 31.1 7.1 551 99.1 46.1 833
Pig 3 785 2085 513 321 241 441 37.1 362 1173 39.1 46.1 221 161 402 894 433 793
Horse 8 955 2178 528 16.1 222 602 392 372 918 454 472 221 112 391 933 432 735
Elephant 3 6410 1958 685 132 221 483 412 39.1 1024 525 552 223 114 503 983 481 753
Cat 4 864 208.1 44.1 10.1 27.1 o641 46.1 37.1 942 451 47.1 321 12.1 431 1181 30.1 57.1
Rat 3 884 2218 852 151 221 33.1 40.1 592 753 36.1 441 251 26.1 402 922 394 68.1

'Values are means + SD of each amino acid (in mg) divided by the total amino acids (in g, excluding tryptophan).

Adapted from Davis et al. (35).
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Table 2.26. Total Essential Amino Acids (EAA) and Total Branched-Chain Amino Acids (BCAA)

in Primate and Nonprimate Milks'?

Species n Total Amino Acids EAA BCAA
g/L. whole milk mg amino acid/g
—total amino acid—

Primate
Human 6 8.5%0.9 400*+11 209=*5
Chimpanzee 5 9.2=x.7 3927 2092
Gorilla 3 11.5%2.5 4087 212%5
Baboon 5 11.5%2.5 408+4 2143
Rhesus 6 11.6x1.1 421+4 220*4

Nonprimate
Cow 4 33.6+4.8 427+4 199=+3
Goat 2 25.7%3.1 433x12 206+4
Sheep 6 54.1x2.4 422+5 1965
Llama 3 29.6*6.9 443+1 209*2
Pig 3 35.0£3.5 379x11 175*7
Horse 8 15.8+3.5 377x6 1783
Elephant 3 37.1=14.6 411x11 203*=6
Cat 4 75.7+12.7 400=£3 2083
Rat 3 86.9*7.7 371+6 176+4

'Values are means = SD calculated from the sum of individual essential amino acids or branched-chain amino acids
(in mg) divided by the total amino acids (in g, excluding tryptophan).
“Branched-chain amino acids differed in primates vs. nonprimates (P < 0.001) and in humans and great apes vs. lower

primates (P < 0.001).
Adapted from Davis et al. (35).

(Table 2.21); the characteristics of lysozyme content
in artiodactyls’ milks are in low range (112). It was
shown that goat milk contains on average 25 pg of
lysozyme, 425 pg of ribonuclease, and 36 wM/min
of lipase/100 ml (27).

Alkaline phosphotase content in goat milk ranged
from 11-13 mg/l, and the inactivation of this en-
zyme was reportedly at around 45°C by some
authors, implying that the alkaline phosphatase test
may not be effective for pasteurization of goat milk
(64). Acid phosphatases (AP) also have been deter-
mined in goat and cow milks, where the activity lev-
els of the enzyme in goat and cow milks were 0.136
and 0.076 units/g protein, respectively. Little dif-
ference was found in amino acid composition of
the enzyme (AP) between goat and cow milk (72).
Caprine AP (Mwt. 43,000) contained 297 residues
and bovine AP (Mwt. 42,000) contained 292. Con-
cerning carbohydrate composition of the AP, caprine
AP contained 3 mannose, 1 galactose, and 2 glu-
cosamine residues, while cow AP had 2, 2, and 4
respective residues (72).

Xanthine oxidase activity of goat milk is less than
10% of that of cow milk (28). Caprine xanthine oxi-
dase contains higher amounts of aspartic acid, glu-
tamic acid, proline, and glycine and lower amounts
of serine than bovine xanthine oxidase (145). Goat
milk xanthine oxidase has FAD as one of its cofac-
tors and an optimum pH of 8.35. Xanthine oxidase
has been associated with the control of various
redox reactions in the cell and plays an important
role in Fe absorption, facilitating the oxidation and
combination of Fe with transferrin and coupling
antibacterial effect via the lactoperoxide system
(64). Xanthine oxidase also has been implicated in
the spontaneous development of undesirable oxi-
dized flavor in market milk and other dairy products,
and interest in this enzyme has increased because of
its possible involvement in development of athero-
sclerosis in humans (64). Feeding sodium molyb-
date caused a rapid rise in the Mo content of goat
and cow milks but did not affect xanthine oxidase
activity in either of their milks, which indicates that
the low content of xanthine oxidase in goat milk
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Table 2.27. Distribution of Lipoprotein Lipase Activity in Fresh Milk Cooled to 4° C.

Whole milk Skim milk Cream Milk serum Caseins

Goat (n=6)

Total activity, 19.9£8.1 10.9+3.7 8.2%3.1 8.2+2.9 1.5+0.4
w eq FFA%/h/ml

Percentageb 100 55 41 (46) 41 (46) 8 (8)
Cow (n=06)

Total activity, 94.5+13.3 72.8+3.7 3.7£0.5 11.3+1.8 51.9+2.38
W eq FFA"/h/ml

Percentageb 100 77 4 (6) 12 (17) 55 (78)

“FFA = free fatty acid.
"Percentage of whole milk.
Adapted from Chilliard et al. (29).

does not appear to be attributed to the lack of
molybdenum (59).

Goat milk contains less lipase than cow milk (29,
54). Lipase is a lipoprotein with technical applica-
tions due to its involvement in spontaneous and
induced lipolysis. In contrast to that in cow milk,
lipase activity in goat milk is significantly correlated
with spontaneous lipolysis, possibly because of its
specific lipolytic system. Lipases play a major role
in flavor development in milk and dairy products
during milk processing and storage. Goat milk exhib-
ited significantly lower lipoprotein lipase activity in
fresh milk cooled to 4°C than in that of its cow
counterparts (Table 2.27).

Goat milk has in average 47 pmoles/s/ml of lactic
dehydrogenase and 50 wmoles/s/ml of malic dehydro-
genase. In electrophoresis, goat milk exhibited prima-
rily one lactic dehydrogenase isoenzyme (LDH-1)
and one malic dehydrogenase isoenzyme (M-MDH)
(59). There are two enzymes that may be involved in
the synthesis of glycoproteins in goat colostrum: one
catalyzes the transfer of N-acetylglucosamine from
uridine diphosphate N-acetylglucosamine to glyco-
proteins; the other is a soluble sialyl transferase that
transfers sialic acid from cytidine monophosphate-
sialic acid to lactose or N-acetyllactosamine (59).

2.7 MINERALS

Goat milk contains about 134 mg Ca and 121 mg
P/100g (Table 2.28). Human milk contains only
one-fourth to one-sixth of these minerals. Although
the macro-mineral levels may not fluctuate consider-
ably, their levels can vary, depending on the breed,

diet, animal, and stages of lactation. The P levels
revealed slightly higher than Ca in French-Alpine
and Anglo-Nubian goats (109). In underdeveloped
countries, where meat consumption is low, goat milk
is an important daily food source of animal protein,
phosphate, and calcium due to lack of availability of
cow milk (54, 104, 106). Goat milk has higher calci-
um, phosphorus, potassium, magnesium, and chlo-
rine, and lower sodium and sulfur contents than cow
milk (Table 2.28; 27, 54, 109, 110).

There is a close inverse relationship between lac-
tose content and the molar sum of sodium and potas-
sium contents of goat or other species milks (70,
109). Chloride is positively correlated with potas-
sium and negatively with lactose, but sodium is
not significantly correlated with K, Cl, and lactose.
There is a close inverse relationship between lactose
content and the molar sum of sodium and potassium
contents of goat or other species’ milks (70, 109).
The major minerals in goat milk during the first seven
weeks lactation showed substantial fluctuations
(85). The macro minerals decreased in levels with
lactation stage: Ca from 1.80-2.00 to 1.23-1.41; Mg
from 0.21-0.27 to 0.10-0.13; P from 1.43-1.57 to
0.90-0.93; and Na from 0.43-0.48 to 0.30-0.37 g/1,
respectively.

Potassium content (1.50—1.80 g/1) was not affected
by stage of lactation, while citrate concentration in
goat milk decreased during lactation. Cow milk has
a more stable citrate level during lactation (70).
Parity had practically no effect on mineral composi-
tion of goat milk, except for the Na level, which
was 15-20% lower than in the first lactation (85).
Citrate is a kind of harbinger of lactogenesis in
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Table 2.28. Mineral and Vitamin Contents of Goat Milk as Compared with Those of Cow and

Human Milks

Constituents Goat Cow Human
Amount in 100 g

Mineral
Ca (mg) 134 122 33
P (mg) 121 119 43
Mg (mg) 16 12 4
K (mg) 181 152 55
Na (mg) 41 58 15
Cl (mg) 150 100 60
S (mg) 2.89 — —
Fe (mg) 0.07 0.08 0.20
Cu (mg) 0.05 0.06 0.06
Mn (mg) 0.032 0.02 0.07
Zn (mg) 0.56 0.53 0.38
I (mg) 0.022 0.021 0.007
Se (ng) 1.33 0.96 1.52

Vitamin

Vitamin A (I.U.) 185 126 190
Vitamin D (I1.U.) 2.3 2.0 1.4
Thiamine (mg) 0.068 0.045 0.017
Riboflavin (mg) 0.21 0.16 0.02
Niacin (mg) 0.27 0.08 0.17
Pantothenic acid (mg) 0.31 0.32 0.20
Vitamin B¢ (mg) 0.046 0.042 0.011
Folic acid (png) 1.0 5.0 5.5
Biotin (jg) 1.5 2.0 0.4
Vitamin B, (ng) 0.065 0.357 0.03
Vitamin C (mg) 1.29 0.94 5.00

Data from Posati and Orr (119), Park and Chukwu (109, 110), Jenness (59) and Haenlein and Caccese (54), Debski et

al. (37).

goats (115), where its level in mammary secretion
increases sharply from virtually nil to the normal
150 to 200 mg/100 ml on the day of parturition
(115). The total carbon dioxide and carbonate in
freshly drawn goat milk was 3.4 mM; of this CO,,
1.9 mmoles/liter was in the form of bicarbonate ion
(76).

Concentrations of trace minerals are affected by
diet, breed, animals, and stages of lactation (110).
Mean levels of Mn, Cu, and Fe in French-Alpine
goat milk were 0.33, 5.0, and 1.7 mg/l, while Anglo-
Nubian goat milk contained significantly higher lev-
els of cu (1.36 vs 1.69 mg/l) and Zn (7.9 vs 11.9
mg/l) (110). A positive correlation was observed
between levels of Co and P, K, Na, Ca, Al, and Mg
in Norwegian bulk goat milk (17).

Zinc content is the greatest among the trace min-
erals, and Zn in goat and cow milks is greater than in
human milk (110). Iron contents of goat and cow
milks are significantly lower than in human milk
(Table 2.28). On the other hand, goat and cow milk
contain significantly greater levels of iodine than
human milk, which may be important for human
nutrition since iodine and thyroid hormone are
closely related to the metabolic rate of physiological
body functions (137).

Goat and human milk contain higher concentra-
tions of selenium than cow milk (Table 2.25). Less
than 3% of the total selenium is associated with the
lipid fraction of milk. Glutathione peroxidase was
higher in goat milk than in human and cow milk.
Goat milk total peroxidase activity (associated with
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glutathione peroxidase) was 65% as opposed to 29%
for human and 27% for cow milk (37).

Goat and cow milks have an average of 12.4 and
25.9 pg/L of Mo, respectively (55). The supplemen-
tation of 1.1 mg Mo/day in the goat’s diet produced
12 pg/L of Mo in milk, while 13.0 mg Mo/day ele-
vated Mo in milk approximately 70 pg/L. It was also
reported that goat, cow, and human milks contained
2.6, 1.1-2.2, 0.42 mg/L of borate, respectively (59).

2.8 VITAMINS

Goat milk has a higher amount of vitamin A than cow
milk. Caprine milk is whiter than bovine milk because
goats convert all [3-carotene into vitamin A in the
milk. Goat milk supplies adequate amounts of vita-
min A and niacin, and excesses of thiamin, riboflavin,
and pantothenate for a human infant (Table 2.28) (47,
112). Figure 2.17 also illustrates that a human infant
fed solely on goat milk is oversupplied with protein,
Ca, P, vitamin A, thiamin, riboflavin, niacin, and pan-
tothenate in relation to the FAO-WHO requirements
(59). Vitamin B levels in goat and cow milks are a
result of rumen synthesis, and are somewhat inde-
pendent of diet (54, 84).

Goat milk, however, has a significant drawback in
deficiencies of folic acid and vitamin B;, as com-
pared to cow milk (32, 34, 54, 59, 111). Cow milk
has five times more folate and vitamin B, than goat
milk, where folate is necessary for the synthesis of

hemoglobin (32, 34). Vitamin B;, deficiency has
been reportedly implicated in “goat milk anemia,”
which is a megaloblastic anemia in infants (112).
However, the major cause of the anemia has been
shown to be attributable to the folate deficiency in
goat milk. Both goat and and cow milks are equally
deficient in pyridoxine (Bg), vitamin C, and vitamin
D, requiring these vitamins to be supplemented from
other food sources (89).

It was shown that high temperature and short-time
pasteurization of goat milk was the best processing
method to preserve various vitamins as well as extend
the shelf life of the milk (73). Losses of thiamine,
riboflavin, and vitamin C were reduced if the milk
was processed by HTST, flash, and UHT process than
by LTLT and autoclave treatment methods (73).

3 PHYSICO-CHEMICAL
CHARACTERISTICS OF GOAT
MILK

3.1 PHYSICO-CHEMICAL PROPERTIES

There are no significant differences in the un-
saponifiable matter of milk fat and acid value be-
tween goat and cow milks (Table 2.29). However,
goat milk has higher iodine values than cow milk,
indicating that goat milk fat contains higher unsatu-
rated fatty acids than the cow counterpart. Saponifi-
cation value is higher and refractive index is slightly

Table 2.29. Comparison of Physico-Chemical Characteristics and Micelle Structure of Goat Milk

with Those of Cow Milk

Characteristics Goat milk Cow milk

Physico-chemical values®
Unsaponifiable matter of milk fat (%) 0.41%£0.02 0.41%0.02
Acid value 0.47=0.02 0.48*0.05
Todine value 30.44£2.57 27.09+1.26
Saponification value 228.6%5.24 232.3x7.61
Reichert Meissl value 29.16+0.77 24.02+1.17
Polenske value 1.80£0.35 7.06£0.56
Refractive index 1.450%+0.39 1.451+0.35

Micelle Structure”
Non-centrifugal casein (% of total casein) 8.7 5.7
Average diameter (nm) 260 180
Hydration of micelle (g/g MS) 1.77 1.9
Mineralization of micelle (g/ca/100 casein) 3.6 2.9

“Anjaneyulu et al. (5).
"Remeuf and Lenoir (122).
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higher in cow milk than in goat milk, whereby both
indices reflect the number of carbons and saturation
in the fatty acids in the milks. Analysis of the posi-
tional distribution of fatty acids in goat milk triglyc-
erides indicates that most of the short-chain acids
(C4-C8) are esterified at position sn-3 of the glycerol
while the longer chains (C10 or greater) are at posi-
tion sn-2, whereby triglycerides are synthesized
from a pool of long-chain 1,2-diglycerides (136).

Some interesting differences are found in the
Reichert Meissl value and the Polenske value be-
tween goat and cow milk (Table 2.29). Goat milk
has higher Reichert Meissl value and lower Pol-
enske value than cow milk, suggesting that goat
milk fat contains higher soluble volatile fatty acids
and lower insoluble volatile fatty acids than cow
milk fat.

The casein content of goat milk ranges between
15.8 and 26 g/L, the proportions of NPN of the total
nitrogen content between 3.1 and 13.2%, the ionized
calcium levels between 0.07 and 0.19 g/L, and those
of the total inorganic phosphorus between 0.45 and
1 g/L (122), where these variations are attributed to
individual factors such as animal, lactation period,
and sample differences (77, 112).

The relative proportions of the major components
of goat casein are very much different from those of
cow milk (122). Goat milk is less in oy casein and
often contains more «g casein than o casein.
Nevertheless, the latter is present in highly variable
amounts depending on the individual goats (94). On
the other hand, the proportions of k casein and espe-
cially B-casein are higher in goat milk than in its
cow counterpart.

3.2 MICELLE CHARACTERISTICS

The micelle structure of goat milk also differs from
that of cow milk (Table 2.29). Caseinate micelles of
goat milk contain more calcium and inorganic phos-
phorus, are less solvated, less heat stable, and loose
B-casein more readily than bovine micelles (59).
Non-centrifugal casein and the average diameter of
micelles of goat milk are significantly greater than
those of cow milk (122). The average mineralization
level in goat milk is higher than in cow milk (Table
2.29). However, the degree of hydration in goat milk
is lower, which supports the evidence of an inverse
relationship between the mineralization of the mi-
celle and its hydration (Table 2.26) (122, 130).

Goat milk contains more soluble casein than cow
milk. At 20°C, goat and cow milk have 10 and 1%
soluble casein; at 5°C, they have 25 and 10%, respec-
tively (64). Low storage temperatures have a marked
influence on micellar system. Cooling leads to a par-
tial solubilization of colloidal calcium phosphate and
of B-casein (99). These modifications are responsi-
ble for an alteration of cheesemaking properties of
milk, especially a decrease in cheese yield. Caprine
[3-casein is more soluble on cooling than its bovine
homolog (99).

Low casein content and probably other character-
istics as ag-casein proportions and micellular size
are responsible for the weak texture of caprine yo-
gurt. Heat stability of goat milk is considerably low-
er than for bovine milk. High ionic calcium content
and low micellular solvation in caprine milk may
contribute to heat instability (121).

3.3 RELATIONSHIP BETWEEN PHYSICO-
CHEMICAL PROPERTIES AND RENNETABILITY

The renneting time and the maximum firmness of
the gel are found on a scale of 1 to 4, the setting
speed on a scale of 1 to 9 (122). The weight of the
serum retained in the centrifuged curd is subject to
smaller variations but reaches between 1 and 2. The
maximum firmness of the gel of goat milk is on
average clearly lower, and the gel from goat milk
with an equal casein content is not as firm as cow
milk (132). Renneting time for goat milk is shorter
than for cow milk, and the weak consistency of the
gel explains the mediocre cheese suitability levels
for goat milk (112, 122). Significant correlations
exist between the casein content and the proportion
of ag-casein, between the casein content and the
level of colloidal calcium and inorganic phospho-
rus, and between the degree of hydration of the
micelles and their mineralization. The renneting time
is influenced mainly by the pH value of the milk
(122).

The casein concentration of the milk has a strong
effect on rheological properties of the rennet gel, its
setting speed, and its maximum firmness (122).
There is a positive correlation between the casein
content and the quantity of serum retained in the
centrifuged curd, as the milks richer in casein levels
yield a lower quantity of serum in goat, cow, and
sheep milks (132). There are also significant correla-
tions between the levels of colloidal Ca and inorganic
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phosphorus and the firmness of the gel or its setting
speed (132).

4 NUTRITIONAL SIGNIFICANCE
OF GOAT MILK

Goat milk has significant nutritional values in hu-
man nutrition as an alternative food for children and
sick people, and also has higher nutrient bioavail-
ability. In a nutrition trial involving 38 children (20
girls and 18 boys) aged 6 to 13 years, Mack (79) fed
one-half of them 0.946 liter of goat milk and the other
half 0.946 liter of cow milk daily for five months.
She observed that children in the goat milk group
surpassed those on cow milk in weight gain, stature,
skeletal mineralization, bone density, blood plasma
vitamin A, calcium, thiamine, riboflavin, niacin, and
hemoglobin concentrations. Statistical differences
were minimal for blood hemoglobin, various other
biochemical and structural measurements between
the two groups.

Most milks, including human milk, are deficient
in iron contents (Table 2.28; Figure 2.18). In an iron

bioavailability study of goat and cow milks using
anemic rats, Park et al. (111) reported that rats fed on
goat milk grew significantly better, had higher liver
weights, hemoglobin iron gain, and higher iron
absorption rates than those on cow milk. The anemic
rats receiving the whole goat milk diet showed sig-
nificantly greater hemoglobin regeneration efficien-
cies than those on the cow milk diet (Figure 2.19).
Goat milk has been blamed for the development of
“goat milk anemia” due to the deficiency of folic
acid in the milk (32, 34, 51, 97, 111). “Goat milk
anemia” was the designation given to a macrocytic-
hyperchromic megaloblastic anemia, which was
originally observed in infants fed a diet of goat milk
in Europe during the 1920s and 1930s (51). This ane-
mia responded more readily to therapy with folate
than to vitamin B;,, where folate is necessary for
synthesis of hemoglobin, and where the two vita-
mins are interdependent on their metabolic functions
and pathways in the body tissues. Therefore, supple-
mentation of folate to goat milk is essentially recom-
mended before feeding it to infants. Goat milk, just
as cow milk, is also cautioned to be diluted to reduce
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Figure 2.19. Hemoglobin regeneration efficiencies (HRE) of whole goat milk
(WGM) diet, whole goat milk diet supplemented with 50, 100, or 200 ppm fer-
rous sulfate, whole cow milk (WCM) diet, skim goat milk diet, or skim cow milk
diet fed to anemic growing rats for 10 days. HRE for WGM is significantly
greater than that for WCM (P < .01), and SGM is greater than the SCM group

P <.05). Adapted from Park (111).

protein level, and to be fortified with carbohydrate
and certain vitamins before feeding to babies, espe-
cially under six months of age.

Some possible explanations of the nutritional
advantages of goat milk over cow milk come not
from its protein or mineral differences but from an-
other overlooked component in goat milk, the
lipids, more specifically the fatty acids within the
lipids (9, 53). Owing to the species-specific charac-
teristics (high amounts of short- and medium-chain
fatty acids) in goat milk fat, it has been suggested
that goat milk fat may have at least three significant
contributions to human nutrition: (i) goat milk fat
may be more rapidly digested than cow milk
because lipase attacks ester linkages of short- or
medium-chain fatty acids more easily than those of
longer chains (27, 59, 108); (ii) these fatty acids
exhibit beneficial effects on cholesterol metabolism
such as hypocholesterolemic action on tissues and

blood via inhibition of cholesterol deposition and
dissolution of cholesterol in gallstones (49, 65); and
(iii) they also have been therapeutically used for
treatment of various cases of malabsorption patients
suffering from steatorrhea, chyluria, hyperlipopro-
teinemia, and in cases of intestinal resection, coro-
nary bypass, childhood epilepsy, premature infant
feeding, cystic fibrosis, and gallstones (38, 49, 53,
58, 83, 98, 108, 135).

Fat in human milk is absorbed more readily by
infants than that of cow milk (46). This is probably
due to the difference in arrangement of fatty acids in
the triglycerides (59). It was shown that palmitic
acid (C16:0) is primarily esterified in the 2-position
of the triglycerides in human milk fat, whereas the
C16:0 acid is distributed nearly equally among the
three positions in cow milk fat (46, 59). If palmitic
acid is located in the 2-position, the digestive and
absorptive processes are shown to be greatly en-
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hanced. Due to the similarity of distribution of fatty
acids over the positions in the triglycerides in goat
and cow milks, the efficiencies of absorption of both
milk fats are expected to be similar.

Several reports (27, 39, 54, 108) also suggested
that goat milk proteins may be digested more effi-
ciently than cow milk proteins because the former
forms smaller, softer, and more friable curds during
acidification in the stomach, which would provide
stomach proteases with easier digestive actions (39,
108).

Goat milk is reported to have greater buffering
capacity, which would be beneficial for treatment of
stomach ulcer (39, 54, 104, 105, 107). Nubian goat
milk contained significantly higher levels of major
buffering entities, such as proteins, nonprotein N,
and phosphate (P,Os), than cow milks (Holstein and
Jersey) (Table 2.23) (104, 105), which appears to be
important in human nutrition. Goat milk has been
recommended as an ideal substitute for patients suf-
fering from various allergies against cow milk and
other food sources (108, 125, 134, 141), which is
also highly important for human nutrition and health.
Goat milk is a viable dairy option to fulfill the nutri-
tional needs of infants, children, and adults, especial-
ly in developing countries.
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2.3 Goat Milk Products: Types of Products,
Manufacturing Technology, Chemical Composition,
and Marketing

Young W. Park and Mingruo Guo

1 INTRODUCTION

Goat milk has played a very important role in the
economic viability of many developing countries of
the world, as well as in the Mediterranean, Middle
East, and eastern European countries, through its
utilization for manufacture of cheeses and other
products (48, 56). In addition to the economic, nutri-
tional, and medical significance of goat milk in
many developing countries, goat milk products also
have recently gained increasing popularity among
certain ethnic groups, health food lovers, gourmet
lovers, goat farmers, and cheese enthusiasts in the
United States (56, 78).

Worldwide average milk production from goats is
approximately 50 kg per doe per lactation if one-
third of all goats have milk producing capability
(24). A large-scale expansion and industrialization
of the dairy goat sector in many countries is difficult
due to the low level of milk production, coupled
with inadequate technological means and the small
range of products made from the milk (48).

A variety of products may be manufactured from
goat milk, including fluid products (low fat, fortified,
or flavored), fermented products such as cheese, but-
termilk or yogurt, frozen products such as ice cream
or frozen yogurt, or butter, condensed, and dried
products (67, 82). However, cheese is traditionally
the main goat milk product produced and consumed
in large quantities around the world. Significant
amounts of fluid, evaporated and powdered goat
milk products have been marketed in the United
States and New Zealand for the past several decades.
Although literatures have been available on goat
cheeses, research data on other manufactured dairy
goat products has been scarce (67, 82).

Producing high-quality raw milk is of paramount
importance for successful production and marketing
of dairy goat products. They must be safe to con-
sume free of pathogenic bacteria, antibiotic, insecti-

cide, and herbicide compounds. They should have
good and no objectionable flavor, be free of spoilage
bacteria, and contain legal minimum limits of all
nutrients (66).

2 PRODUCTION OF QUALITY
GOAT MILK AND ITS PRODUCTS

Fresh and normal goat milk from healthy and prop-
erly fed and milked animals is a white, opaque lig-
uid with a slightly sweet taste that has practically no
odor (64). Production of quality goat milk should
start at every farm level because flavor and quality of
the milk cannot be improved later in the processing
stage. The basic principle is that the better the milk,
the better the processed products.

Milk drawn from the lacteal glands is highly per-
ishable and easily affected negatively by improper
handling from many factors such as feeding, handling
of animals prior to and during milking, handling of
the milk during and after milking, cooling and trans-
portation, pasteurization, processing, packaging, and
processing utensils (38, 91). Quality of milk largely
depends on the farm producer as well as workers at
dairy processing plants.

Milk is an excellent culture medium for bacteria
and is used by nature easily, and thus is rapidly
liable to deterioration. A clean milking environment
is just as important as the milk composition. A good-
quality milk must contain no pathogens (organisms
that are harmful to humans or animals) or organisms
likely to damage the cheese, nor such foreign sub-
stances as antibiotics, antiseptics, or pesticide resi-
dues (38, 55, 64, 66). Furthermore, basic bacterial
flora should not be too numerous.

To safeguard quality milk production, at least five
major parameters are routinely monitored by vari-
ous agencies in commercial milk production chan-
nels (38) as follows: (i) nutritional constituents in
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milk; (ii) somatic cell counts as related to mastitis;
(iii) bacteria counts as related to sanitary practices;
(iv) adulteration and pesticide residue contents; and
(v) flavor, taste, appearance, and temperature.

The “goaty” flavor can be avoided with good
management, healthy lactating does, and sanitary
milking procedures. Rancidity, or the induction of
“goaty” smell, involves a chemical or mechanical
reaction. If the fat globule membrane ruptures, it is
exposed to the lipolytic enzyme, lipase. The lipases
react with the fat molecule to yield free fatty acids.
The short-chain fatty acids, capric, caproic, and
caprylic acids, make up 20 to 25% of all free fatty
acids in goat milk, which is considered to give goat
milk its characteristic, goaty and rancid tastes.

Off-flavor in goat milk can be attributed to feeds,
weeds, forages, chemicals, building materials, colo-
strum, estrus, mastitic milk, filthy utensils and
strainer, unclean milking equipment, slow cooling,
odors from bucks, barn and/or milk room. Feeding
odorous feeds at least two hours before milking is
recommended.

Good management of the entire farm system
leads to good-quality milk. It should be followed by
the recommended milking practices in a daily rou-
tine: Maintain functioning and sanitary equipment,
have healthy animals, and use recommended deter-
gent, acid, and sanitizers for cleaning and milking
equipment.

3 REGULATORY REQUIREMENTS
FOR QUALITY GOAT MILK
PRODUCTS

The regulations for all aspects of production, pro-
cessing, and marketing milk are described in the
federal government (FDA) publication, called the
Grade A Pasteurized Milk Ordinance (PMO). Each
state health department establishes its minimum reg-
ulations from these standards for Grade A milk (91).
Some states in the United States may adopt more
stringent standards than the PMO regulations. The
state of Oregon, for example, has set its somatic cell
count (SCC) standard at 750,000 cells per ml,
whereas the PMO standard is one million per ml.
Although goat milk contains naturally higher
SCC than cow milk due to the apocrine secretory
process of goats, the same regulations are enforced
for both species milks. It is common to find high

SCC in goat milk when actual numbers of leuco-
cytes are relatively low (51, 87). Goat producers on
the National Conference of Interstate Milk Ship-
ments have actively pursued the problem of SCC
legal thresholds (38, 51).

Many U.S. states have an Annotated Code,
whereby a person shall obtain a permit from the
state regulatory agency before the person may: (a)
bring, send, or receive a milk product into the State
for sale; (b) offer a milk product for sale; (c) give a
milk product away; or (d) store a milk product (91).
Specific permits are required for milk producers,
milk processors, milk haulers, receiving stations,
and transfer stations.

All Grade A raw milk for pasteurization and all
Grade A pasteurized milk and milk products shall be
produced, processed, and pasteurized to conform
with the specific PMO codes. An example of regula-
tions for the chemical, bacteriological, temperature
standards, and sanitation requirements is described
in Table 2.30 (15). Each U.S. state including the
leading state California may have different stan-
dards for raw and Grade A pasteurized milk prod-
ucts while also conforming with the PMO codes.
The quality control guidelines for microbiological
standards in dairy foods are shown in Table 2.31
(35).

There are at least four important requirements for
Grade A—quality goat milk. Those are: (i) safe to
drink; (ii) good flavor; (iii) relatively free from
spoilage bacteria and somatic or body cells; and (iv)
composition (66). For safe milk, it must be free of
pathogenic bacteria, antibiotic, insecticide, and her-
bicide compounds. Pasteurization is the most impor-
tant practice to kill pathogens for assurance of safe
milk, although it doesn’t remove other contami-
nants. Good flavor of goat milk comes from a clean,
healthy, properly managed goat herd; the ideal flavor
is slightly sweet and slightly salty with complete
absence of strong odors and flavors. Oxidized flavor
is caused by nutritional imbalances or exposure to
light. Rancid “goaty” flavor develops when the fat is
partially disintegrated by enzyme action. Both are
controlled by pasteurization temperature and protec-
tion of the milk from sunlight and UV light.

SCC has been accepted as a quantitative index for
mastitic conditions or degree of glandular irritation
in the mammary gland (87, 96). Milk with high
somatic or body cells and spoilage bacteria results in
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Table 2.30. Chemical, Bateriological, and Temperature Standards®

Grade A raw milk for pasteurization:
Temperature

Cooled to 45° F (7° C) or less within two hours after milking, provided that the

blend temperature after the first and subsequent milkings does not exceed

50°F (10°C).
Bacterial limits

Individual producer milk not to exceed 100,000 per ml prior to commingling

with other producer milk. Not to exceed 300,000 per ml as commingled milk

prior to pasteurization.
Individual producer milk: No detectable zone with the Bacillus subtilies method

Antibiotics

or equivalent. Commingled milk: No detectable zone by the Sarcina lutea
Cylinder Plate Method or equivalent.

Somatic cell count

Grade A pasteurized milk and milk products:
Temperature
Bacterial limits
Coliform

20,000 per ml.*

Individual producer milk. Not to exceed 1,500,000 per ml.

Cooled to 45°F (7° C) or less and maintained thereat.

Not to exceed 10 per ml: Provided that, in the case of bulk milk transport tank

shipments, shall not exceed 100 per ml.

Phosphatase
Antibiotics

Less than 1 microgram per ml by the Scharer Rapid Method or equivalent.
No detectable zone by the Sarcina Iutea Cylinder Plate Method or equivalent.

*Not applicable to cultured products.

“Data from Colorado Department of Health (15). Colorado Grade A Pasteurized Fluid Milk and Milk Products

Regulations, Denver, CO.

poor-quality products. SCC can be determined by
various tests including the Wisconsin Mastitis Test
and the California Masistis Test. For the fluid milk,
standard milk composition refers to the levels of
major nutrients such as fat, protein, lactose, and min-
erals. The Public Health Service, FDA, defines milk
to contain a minimum of 3.25% fat and 8.25% milk
solids not-fat, which is the sum of the protein, lac-
tose, and minerals. Although this FDA standard may
refer to cow milk, the same definition and regula-
tions have been applied to goat milk.

4 TYPES OF DAIRY GOAT
PRODUCTS AND THEIR
MANUFACTURING
TECHNOLOGIES

Many products can be manufactured from goat milk,
including fluid, cultured, frozen, and dehydrated
products. All manufactured products have to be
made from Grade A goat milk. Standardization of
milk composition, especially fat content, is essential
to assure the legality of the finished product as well
as its uniformity.

4.1 FLuiD GOAT MILK

4.1.1 General Trend and Marketing of Fluid
Goat Milk

Fluid goat milk has been processed, packaged, and
marketed in the United States and other countries,
although little research has been documented on the
product. In the United States, a beverage milk is
processed with low fat milk content to meet con-
sumer demands, where composition of the milk is
adjusted to 2% fat and 10.5% milk solids-not-fat
(MSNF), before being pasteurized (HTST or UHT),
homogenized, and packaged in 946 ml containers
(67).

Due to the smaller fat globule sizes in the goat
milk, it is considered naturally homogenized. Pas-
teurized and homogenized goat milk products have
been available in many states in the U.S. markets,
including 2% fat and whole milk with or without
fortification of vitamins A and D in a variety of pack-
aging. Chocolate-flavored goat milk is also on the
market in the United States (Figure 2.20). In addi-
tion, other types of dairy goat products, including
goat cheeses, yogurt, and evaporated and powdered
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Table 2.31. Quality Control Guidelines for Microbiological Standards in Dairy Foods

Standard Psychrotrophic SPC Yeast
Product plate count Coliform after 5 d at 70° and mold Staphylococci Salmonella
Raw milk- Bulk takers <1,000-50,000 <100-<1,000  <10,000-<100,000 — — —
Comingled Raw milk <50,000-30,000 <100-<1,000 100,000-<800,000 — <5,000-<100,000 —
at Pasteurizer
Pasteurized Grade A fluid <1,000-<10,000 <1-<5 <20,000-<69,000 — <1 <1
Products
Ice Cream <20,000-50,000 <1-<10 <50 <1 <1
Cottage Cheese (dry) <1,000-20,000 <1-<5 <10,000-<100,000 <5-<10 <1 <1
Butter <5,000-<20,000 <50,000 <5-<10 <1 <1
Milk Powder <20,000-<50,000 NS NS <10 <1 <1

Adapted from Guthrie (35).
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Figure 2.20. Liquid goat milk products manufactured
by Oak Knoll Dairy of Vermont, Vermont, U.S.A. Photo
by M.R. Guo.

milk products, have been marketed in the United
States (Figure 2.21), and large volumes of goat milk
products are imported from foreign countries.
Beverage fluid milk is delivered to consumers
after various heat treatments, packaging, and dis-
tribution steps. The properties of fluid milk that
require the greatest attention are safety to the con-
sumer, shelf life, and flavor. The market beverage
milk has to be free of contaminants that are harm-
ful to the consumer. Those contaminants are: (i)
pathogenic microorganisms; (ii) toxicants taken up
by the milking animals; (iii) antibiotics used to
treat the goats; (iv) disinfectants used on the farm
or in the dairy plant; (v) bacterial toxins formed
during and after milking as well as during keeping
of the milk; and (vi) radionuclides and so on. (110).

Figure 2.21. Examples of various commercial goat milk
products marketed in the U.S., which include fluid milk,
cheeses, yogurt, and powdered and evaporated goat
milk products. Photo by Y. W. Park.

4.1.2 Manufacturing Processes of Fluid Goat
Milk

The basic principle of manufacturing technology for
fluid goat milk is similar to that of the cow milk
counterpart. The major steps for manufacturing fluid
goat milk would be receiving, filtering, standardiz-
ing, pasteurizing, homogenizing, cooling, packag-
ing, storing, and distributing. An example for the
basic manufacturing steps of pasteurized fluid goat
milk products used at the Oak Knoll Dairy, Inc.
Windsor, Vermont, is shown in Figure 2.22. The
standard procedure for a commercial dairy plant for
cow milk is shown in Figure 2.23, which would be
equally applicable to goat milk manufacture with
some modification in operation, depending upon the
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Figure 2.22. Basic flowchart of production of the pas-
teurized fluid goat milk products. Oak Knoll Dairy, Inc.,
Windsor, Vermont; courtesy of Mr. George Redick,
Owner.

types of products produced, location, size of plant,
preference of the facility owner, and availability of
financial capitals.

4.1.2.1 Filtration (Clarification) After milk is
received from the individual animal, bulk tank, or
milk transporting truck, the milk is next filtered for
removal of extraneous materials, which are sedi-
ment, body cells from the udder, and some bacteria.
For a farmstead operation, the milk can be manually
poured through the filtering device (that is, straining
cloths) into milk cans (Figure 2.24). In a large-scale
commercial goat dairy plant, milk can also be
passed through a mechanical milk filter, shown in

Figure 2.25. Removal of impurities can be effective-
ly carried out in a mechanical clarifier, which can
facilitate distributing the milk in thin layers over
conical disks that revolve at high speed (Figure
2.26). Clarification routinely used in large-scale
commercial cow dairy plants is by no means intended
to rid the milk completely of bacteria, and the clari-
fier was not designed for this purpose (106). A spe-
cial machine known as a Bactofuge, operating under
much greater centrifugal force, has been designed
for a high degree of bacterial removal. The filtered
or clarified milk is now ready for pasteurization if it
is to be processed as market milk.

4.1.2.2 Pasteurization Pasteurization is per-
formed according to the U.S. FDA standards (Table
2.32) or EU standard. In general, manual and batch
pasteurization of milk is performed at 145°F
(62.8°C) for 30 minutes. Georgia Small Ruminant
Research and Extension Center, Fort Valley State
University, GA, as well as a couple of recently
licensed grade A goat dairies in Georgia use the
batch pasteurization method, and the fluid milk is
sold whenever it is available during the milk produc-
tion season and/or extra milk beyond the amount
used for cheese processing. Many other states, in-
cluding Texas, Wisconsin, California, New York,
Pennsylvania, and Vermont, would use the low-tem-
perature long-time pasteurization method if the pro-
cessing plant were not equipped with automated
pasteurization facilities. However, if the processing
plant is equipped with automated processing facili-
ties, it can use a higher-temperature and short-time
processing method. An example of the UHT pro-
cessing plant designed for cow milk is shown in

Table 2.32. Milk Pasteurization Methods
Recognized by U.S. Public Health Service
and Food and Drug Administration (FDA)

Pasteurization Reference
temperature Time method
145° F (62.8° C) 30 minutes LTLT
161°F (71.7° C) 15 seconds STHT
191° F (88° C) 1 second UHT
194° F (89° C) 0.5 second

201°F (94° C) 0.1 second

204° F (96° C) 0.05 second

212° F (100°C) 0.01 second
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Figure 2.23. General flowchart for commercial fluid milk processing procedures. Adapted from FDA Workshop, St.
Louis, MO, 2000.

Figure 2.24. Filtration of farmstead milk for further processing. Adapted from Le Jaouen (64).
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Figure 2.25. Milk filter: (1) Deaeration valve,

(2) Cover, (3) Filter container, (4) Filter insert, (5) Nylon
bag, (6) Discharge valve, (7) Milk inlet, (8) Milk outlet.
Adapted from E. Spreer (106).

Figure 2.27. The HTST processing facility may have
similar layout for the equipment. This processing
facility could be equally used for goat milk process-
ing if there were continuous large volumes of milk
supplied from dairy goat farms.

4.1.2.3 Homogenization The farmstead goat
milk processing may skip the homogenization step
because it has much smaller fat globules compared
to cow milk and is considered to be naturally ho-
mogenized milk. However, commercial goat dairies
may adopt homogenization as a routine processing
step, as in cow dairy processing plants. When ho-
mogenization is included in the processing, lower
pressures may be applied due to the relatively smaller
size of fat globules in goat milk. Milk is homoge-
nized after pasteurization, or beforehand if the milk
was warmed.

Milk and cream have countless fat globules that
vary from 0.1 to 20 pm in diameter. The purpose of

Figure 2.26. Bowl of clarifier. Adapted from E. Spreer
(106). (1) Milk inlet by central pipe, (2) Paring chamber,
(3) Grip, (4) Bowl assembly, (5) Bowl cover, (6) Closing
ring, (7) Sludge area, (8) Bowl bottom part, (9)
Distributor, (10) Outlet for clarified milk.

homogenization is to disintegrate the fat globules
and clumps to such small size that they will no longer
rise to the top of the milk as a distinct layer in time
before the milk is normally consumed. The milk first
undergoes homogenization and then is pushed into
the second stage, during which additional homo-
genization takes place (106). New surface layers
of milk fat globules are formed by homogenization
(Figure 2.28). They are composed predominantly of
micellar casein and serum protein (110). The subdi-
vision and uniform dispersion of fat gives homoge-
nized milk a richer taste and whiter color, as well as
greater whitening power when added to coffee, than
does nonhomogenized milk. In one type of homoge-
nizer valve assembly, large fat globules in milk enter-
ing at the bottom are sheared as they are pumped
under pressure through a tortuous path. They emerge
at the top about one-tenth of their original diameter.
Pasteurization, homogenization, and cooling of
the milk are followed by bottling or containerization
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Figure 2.27. Ultra-high heat installation with direct type VT1. (1) Buffer tank with floating device, (2) Centrifugal
pump, (3) Plate heat exchanger, (4) Steam injection preheater, (5) High-pressure pump, (6) Steam injection, (7)
Switching valve, (8) Vacuum tank, (9) Return flow plate heat exchanger, (10) Aseptic centrifugal pump, (11) Aseptic
homogenizer. Adapted from E. Spreer (106).
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Figure 2.28. Formation of new surface layer of fat globules during homogenization. Highly schematic. Adapted from
P. Walstra and R. Jenness, In: Dairy Chemistry and Physics, 1984.
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in paper or plastic cartons or other types of pack-
ages. This processed and packaged fluid milk is then
delivered in refrigerated trucks to retail and other
outlets for marketing.

4.1.2.4 Cream Separation Cream separation is
optional in goat milk, and goat milk cream is seldom
available in commercial markets. The main purpose
of cream separation is to standardize milk fat and to
manufacture butter, ice cream and other dairy ingre-
dients. Goat milk butter or ice cream is not marketed
in large quantities in any part of the world. Little
information has been available on the separation
technology and utilization of goat milk cream.

Cream is made by separating skim milk from
whole milk, resulting in a fat-in-water emulsion
enriched with milk fat, which has been processed by
an accepted heat treatment process (106). Cow milk
cream is sometimes homogenized and eventually
acidified. The separation is made in a centrifugal
cream separator, which looks and functions quite
like a milk clarifier (Figure 2.26), but has separate
discharge nozzles for cream and skim milk. The
skim milk’s having a heavier density than the whole
milk or cream is driven by centrifugal force to the
outside of the bowl, while the lighter cream moves
toward the center of the bowl. Skim milk may be
used directly as a beverage or it may be concentrated
or dried for use in manufactured foods and animal
feeds. The separated cream may be used directly or
it may be frozen, concentrated, dried, or further sep-
arated to produce butter oil and serum solids.

4.1.3 Heat Stability of Goat Milk During
Processing

Most researchers who studied heat stability of goat
milk indicated great sensitivity toward heat treat-
ment (27, 73) and concluded that goat milk has an
inability to withstand UHT treatment (114). How-
ever, a great variability in heat stability of individual
milk was also observed. Heat coagulation times at
140°C were between 0.5 and 23.4 min (27), while
great variations of heat coagulation temperatures
(that is, temperature at which milk does not resist
more than 1 min) of individual goat milk samples
were from 118°C to more than 140°C (99).

This variability of heat instability of goat milk
was postulated by the difference in the pH threshold
between the two milks, where the threshold of goat

milk is around 6.9 while that of cow milk is 6.5-6.6
(114). Goat milk at its original pH of 6.7 shows a
lower heat stability compared to cow milk. The dif-
ferences between micellar characteristics or salt
equilibria of the two milks also might be attributable
to the lower heat stability of goat milk. This expla-
nation is based on the fact that the higher ionic calci-
um content and lower micelle solvation could con-
tribute to the instability of goat milk toward heat
treatment (99, 114). Several methods, including pH
adjustment, addition of a calcium sequestrant, and
preheating of milk, were proposed to improve heat
stability of goat milk and to sustain UHT treatments
for goat milk pasteurization (99, 114). Nevertheless,
the problem of stability in high-temperature treated
goat milk has not been completely resolved due to
the rapid destabilization and flavor alteration of
UHT-processed fluid goat milk.

4.2 GOAT MILK CHEESES
4.2.1 Origin of Goat Milk Cheese

Goat milk cheese was originated in Mesopotamia.
The milk was probably made into soft cheese first
and then hard and ripened cheeses later. Caprine
milk cheeses were developed later in the Mediter-
ranean basin countries, such as Turkey, Greece,
Syria, Israel, Iraq, and Iran (56). Many of these coun-
tries emerged as very large producers, consumers,
and major exporters of various types of goat and
sheep milk cheeses.

Greece became dominant in feta cheese produc-
tion from sheep and goat milks. France, however,
exceeded Greece in total goat cheese production with
its early farmstead cheesemaking. France nowadays
offers the best in goat milk cheeses, many of which
are surface ripened. France produces many exotic
types of goat cheeses, including Crottin du Chavi-
gnol, Les Pyramides, Sainte Maure, Chabis, and
Chabicou (56). Other successful goat milk cheese
producing countries are Norway, Spain, and Italy.

4.2.2 Interest in Goat Milk Cheeses in the
United States

In the United States, no significant attention was
given to production of commercial goat cheese until
1980 (80). The total volume of goat cheese produced
by licensed dairies in the United States in 1980 was
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about 90 metric tons, and 31 metric tons of French
goat cheese was sold in the same year (52).

Goat milk cheese has gradually gained popularity
among certain ethnic groups, health food lovers, and
private goat farmers in the United States. Moreover,
the continued shift in consumer tastes to “exotic”
foreign and specialty cheeses has led to the in-
creased volume of goat cheese importation to the
United States. (78). In 1988, the amount of imported
goat cheese from France alone increased to 447 met-
ric tons, which comprised approximately 80% of the
total imported caprine cheeses (9).

4.2.3 Diversity of Goat Milk Cheese Varieties

Large numbers and many different varieties of goat
milk cheeses are produced worldwide, depending on
diversity of locality, milk composition, and manu-
facturing techniques. Goat cheese would be expected
to vary in composition due to the high variation in
the seasonal composition of milk, modifications of
manufacturing procedures, and multitude of aging
time and conditions (29, 67, 78). Much of the vari-
etal difference among cheeses is attributed to the
nature of physical and chemical changes during
ripening (28, 61), which are influenced by the cul-
tures, chemicals, or flavor ingredients added to the
curd during manufacturing (55, 61, 67, 78).

The Agricultural Handbook No. 54 of the USDA
(101) describes over 400 varieties of goat cheeses
and lists over 800 names of cheeses, made from goat
milk or combinations of goat with other species
milk such as cow, ewe, or buffalo (78).

The manufacture of goat cheese is referred to as
a “cottage industry.” A goat cheese study showed that
20 out of 30 varieties investigated were very high— or
high-moisture cheeses, suggesting that slow coagu-
lation is the major mode of fabrication (78). The
cheese varieties were categorized into six types;
three plain cheese—soft, semi-soft, and hard—and
three spice cheeses—pepper, garlic, and herb. One
third of these commercial goat cheeses were spice-
added varieties. The spice additives were either
blended directly into the cheese curd or rolled over
the outlayer of cheeses. Herbs or chives, as well as
caraway, dill, or cumin seeds, may be pressed on to
the surface of cheeses (80). The vast majority of goat
cheeses are of the soft-body type, and almost all
French goat cheeses are of the natural drainage type
associated with slow coagulation, as shown in Table

Figure 2.29. Different varieties of high-quality French
soft goat milk cheeses. Source: Goat milk cheese plant,
Poitiers, France.

2.33 (64); Figure 2.29 shows examples of high-qual-
ity goat cheeses.

Most goat cheese varieties, which are consumed
fresh, are set by an acid (hydrochloric, lactic, vinegar,
lemon, lime, and so on) coagulation process, where-
as cheese varieties consumed after ripening are gen-
erally made by the enzyme (rennet, chymosin) set-
ting process. There are numerous references to
specific varieties of goat milk cheeses and to those
made from a mixture of goat and ewe milk, such as
Laruns, Peroil, Cabroles, Lightvan, Bryndza, Bul-
garian, Akavi, Cachcaval, Canestrano, Canniotta,
Gjeotst, and Feta (55).

4.2.4 Lack of Standards for Goat Cheese
Classification

The classification of goat cheeses on the basis of
moisture content has not been well established, and
few standards are available. Even for cow cheeses,
formal classifications based on rheology or softness
and hardness of body use no objective measure-
ments (55). Based on moisture content, the majority
of goat cheeses evaluated in a recent study belonged
to the soft cheese category (78).

Cow cheeses are defined as hard, semi-soft, and
soft with the respective ranges of moisture, 30 to
40%, 39 to 50%, and 50 to 75% (111). However,
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Table 2.33. Classification of French Goat Cheeses

Rind ripened cheeses

Mold ripened cheeses

Fresh Ash Internal
cheeses Dried rind coated rind External mold mold
Slow coagulation Banon* Selles-sur-Cher* Chabicou*
(15-24 hours) Crottin de Chavignol* Valencay* Charollais
Maconnais Washed Rind Couhe-Verac
Bouton de Culotte Calenzana Gien
Briques du Forez Levrous
Cabecou* Lusignan
Cabrion du Beaujolais Pave de Tuoraine
Cachat Pouillgny Saint-Pierre
Pigouille Picodon*
Rigotte* Rogeret
Saint-Maixent
Saint-Maure*
Velencay*
Vezelay
Tournon Saint-Martin
Rapid coagulation Brousse Saint-Felicien Niolo Bleus de Chevre
(30 minutes to 1 Fromaget Mato Tomme de Montagne Chevre en boite Persille des Aravis

hour 30 minutes)

Whey cheeses (Brucciu, Serac, Brousse)

Sartenais

(type Camembert)
Chevroton
Mont-d-Or
Chevrotin des Aravis
Chevrotin des Bauges
Tomme de Chevre

Persilles du Mont-Cenis

*Most important varieties.
Adapted from Le Jaouen (64).
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Kosikowski (55) pointed out that a classification
based on moisture is scarcely adequate because it
tells little about the cheese. The author classified
natural cheeses as very high, high, medium, and low
moisture, with the ranges of moisture as follows:
55-80, 45-55, 34-45, and 13-34%, respectively.
Classification of goat cheeses is more difficult than
its cow counterparts, because the former has much
more diversified varieties in moisture, texture, and
composition with different manufacturing proce-
dures and localities compared to the latter.

4.2.5 Legality of Cheese Variety

Legal definition of a specific cheese is important for
consumers, producers, and regulatory agencies. In
certain countries, cheeses can be made from a mixed
or blended milk of goats with other species such as
ewe, cow, and buffalo milks. In Spain, Cyprus, and
Greece, cheeses can be made from legally blended
goat and sheep milks. Queso de Mezela and Saint
Marcellin in Spain are cheeses made from such
blended milks.

In the United States, federal regulations prohibit
making cheese from such mixtures. Sheep milk, by
law, is the sole source of Roquefort cheese, made for
centuries in southern France. Adulteration of this
milk is considered illegal. In Norway, where the
most desirable whey cheese, Gjetost, is made from
goat milk, supplementation with cow milk is illegal.

The mixing of goat milk with other milks and
identification of products made from such mixtures
is a problem in the manufacture of goat cheese.
Mixing milks seems to be fairly common in certain
countries as a means of extending the supply of goat
milk and of reducing the cost of the finished prod-
ucts. The production of mixed cheese, wrongly
called Tipo Manchego cheese, is a genuine invention
of the Spanish cheese industries, aiming to maintain
their activity throughout the year (29). There are two
kinds of mixed cheese, that made of sheep milk and
cow milk and that made of mixtures of sheep, goat,
and cow milks.

4.2.6 Manufacturing Technology of Goat
Milk Cheeses

4.2.6.1 Preparation of Goat Milk for Cheese Man-
ufacture Because a good cheese is made only
from good-quality milk, Le Jaouen (64) described

that good cheese-making milk must be quality milk
and must meet the following criteria: (i) it must be
free of any visible impurity; (ii) it must not present
any abnormal taste or odor; (iii) its acidity must be
in the vicinity of or only slightly higher than that of
milking time, unless it has been subject to a ripen-
ing period in which the lactic acid producing bacte-
ria have been allowed a period of time to acidify
the milk; (iv) the naturally occurring lactic acid—
producing bacteria and or yeasts or the cheese
starter culture bacteria that can be added to the milk
must be able to survive and reproduce to the proper
numbers in the milk; (v) the milk must contain no
foreign substances such as antibiotics, antiseptics,
cleaning products, and so on; and (vi) the milk must
not be contaminated by either pathogenic microor-
ganisms or by microorganisms that may prove unde-
sirable for the production of cheese.

4.2.6.2 Processing Methods and Procedures of
Goat Milk Cheeses

4.2.6.2.1 Soft Goat Milk Cheeses The traditional
farmstead goat milk cheesemaking consists of the
following nine basic steps (64): (a) filtering of the
milk; (b) renneting, sometimes preceded by acidifi-
cation; (c) coagulation of the milk; (d) placing of the
curds into cheese moulds, sometimes preceded by
pre-draining; (e) draining, sometimes interrupted by
turning the cheeses over; (f) unmoulding; (g) salt-
ing; (h) drying; and (i) ripening. These procedures
are traditionally used for French soft body type
farmstead goat cheese manufacture.

There are also some large-scale commercial goat
milk cheese processing plants in France, such as in
the Poitou-Charentes, Poitiers region. A couple of
commercial French goat cheese-processing proce-
dures are displayed in Figures 2.30a and 2.30b.
These caprine cheeses produced in large-scale com-
mercial production are intended for exports to other
countries. Although the basic cheesemaking proce-
dures are similar for many goat cheese-producing
countries, numerous different varieties of caprine
cheeses can be made due to the variation in the com-
position of milk, modifications of manufacturing
procedures, and multitude of aging time and condi-
tions (29, 67, 78).

Even a licensed commercial goat dairy may mod-
ify the pasteurization procedure due to unaffordabil-
ity of installation of steam and chill water systems.
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Figure 2.30a. Transfer of soft curd body of goat milk cheese to the plastic hoops for draining whey in a French com-
mercial goat milk cheese plant. Source: Goat milk cheese plant, Poitiers, France.

Figure 2.30b. Drying processes for the soft goat cheeses after removal from the plastic cheese hoops. Source: Goat

milk cheese plant, Poitiers, France.

One example is a licensed grade A goat dairy located
in a southern state of the United States, which has
the following modified procedures for soft goat
cheese manufacture: Goat milk is pasteurized at
62.8°C (145°F) for 120 minutes and by slow coagu-
lation and natural draining, and then by hanging the
cheese in cheesecloth for three days in a cool room
(22°C) before packaging. The cheeses are packaged

in 454 g rod shapes with polyolefin shrink wrap and
then delivered to local consumers or shipped to other
locations.

4.2.6.2.2 Semi-Hard and Hard Goat Cheese Pro-
cessing Technology Semi-hard or hard goat milk
cheese varieties such as Monterey Jack, Gouda,
Cheddar, blue, and Camembert cheeses can be man-
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Figure 2.31. Flow diagram for milking and cheese manufacture processes. Fort Valley State University, Georgia,

U.S.A.

ufactured. In the United States, a significant volume
of Monterey Jack goat cheese is commercially pro-
duced and marketed.

Manufacturing procedures of Monterey Jack goat
milk cheese routinely performed at the University
dairy processing pilot plant of the Georgia Small
Ruminant Research and Extension Center (GSR-
RECQ), Fort Valley State University, GA, U.S.A., are
shown in Figure 2.31 and described as the following
detailed protocol: The bulk milk from its mixed herd
of Nubian, Saanen, and Alpine goats is transferred
to the vat pasteurizer. The milk is pasteurized at
62.8°C (145°F) for 30 min. The cheese is manufac-

tured according to the modified procedure of well-
documented processing methods (57, 64). Each
batch of cheese is made using between 135 and 170
L of milk maintained at 88°F (31°C) in a 60-gallon
(227 L) cheese vat. Lyophilized mesophilic direct
vat set starter culture (R704, 50 units, Chr. Hansen,
Inc., Milwaukee, WI) and 18 ml of single-strength
rennet (Chymax; Chr. Hansen, Inc., Milwaukee, WI)
are added to the milk and then allowed to coagulate.
The curds are cut using 1.6 cm wire knives and
allowed to heal for 5 minutes. The temperature is
gradually raised to 39°C (102°F) over 30 minutes
and the curds are cooked until firm for about 45 to
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60 minutes. Two-thirds of the whey is drained, and
warm water (31°C) is added to the vat to wash the
curds and to bring the temperature of the whey to
88°F (31°C). The curds are soaked with the water
for 5 minutes before the whey is completely drained.
Curds are placed into 6 x 6 inch (15.24 x 15.24 cm)
Wilson hoofs and pressed at 40 psi overnight at
room temperature in a vertical cheese press (Pneu-
matic Press, Kusel Equip. Co., Watertown, WI).
Cheeses are removed from the molds, cut into disks
5.08 cm (2 inches) in height, and vacuum packed in
plastic pouches (FreshPak 500 vacuum pouches,
Koch Supply, Kansas City, MO) using a vacuum
packager (Koch Ultravac 250, Koch Supply, Kansas
City, MO); they are then stored at 4°C in a walk-in
cooler for six weeks before marketing.

Time (hour, min) Procedures

4.2.6.2.3 Homemade Style Cheesemaking of Hard
Goat Cheese A hard type goat milk cheese can be
made at home. The following homemade cheese-
making procedures were introduced at a goat milk
cheesemaking workshop conducted by the Amer-
ican Dairy Goat Association:

i) Ingredients needed:
(a) 1 gallon (3.785 L) goat milk
(b) ¥3 cup mesophilic starter culture
(c) Y2 tablet of rennet (enzyme)
(d) Coloring agent if desired
(e) 1 tablespoon salt
ii) Cheesemaking procedures for homemade-style
hard goat cheese:

0.0 Add 5 cup starter culture to one gallon of milk in a metal pan that has been heated to
29-30° C (84-86°F), and stir well. Let stand at this temperature with occasional
stirring about 1 hr depending on desired acidity (but 30 min may be used for work-

shop purpose).

0.30 Add Y5 rennet tablet dissolved in %2 cup cold water. Stir thoroughly for 3—5 min.
Color can be added at this time, but not with the rennet. Cover milk and let it set
undisturbed for about 30 min at the same temperature (29-30° C). Coagulation

should occur during this period, but if not, let it stand longer.

Cut curd into ¥s to %2 inch (0.95 to 1.27 cm) cubes. If using a spatula or knife instead
of a curd cutter, it must be long enough to reach the bottom of the pan. Starting at
the far right of the pan, cut the curds into strips from 0.95 to 1.27 cm wide, insert-
ing the knife to the bottom and cutting from back to front. Turn the pan and repeat
the operation. Next, holding the knife at about 45° from horizontal line and start-
ing at the inch (2.54 cm) wide strips from top to bottom of the pan. Turn the pan

Stir the curds slowly for about 5 min. During this time, oversized curds may be found
and, if so, cut them to the required size. The mixture can be stirred, but without
mashing the curds into pieces smaller than ¥s inch (0.95 cm). The curds should be
the same size, in order to reach the same degree of firmness when heating, which

Slowly apply heat to raise the temperature to 39° C over a 20-30 min period.
Hold at 39° C for another 15 min, stirring gently every 5 minutes. Cooking is com-
plete when the curd holds its shape but falls apart without squeezing. Individual
curds will be about the size of a grain of wheat and will have the general appear-

To firm the curd, remove from heat and let curds and whey stand for about 30 min,

1.05
and repeat.
is an important process.
1.15
ance of scrambled eggs.
1.45
stirring gently three or four times.
2.15

Pour curds and whey into a cheesecloth-lined colander. Thoroughly drain off whey,
rolling the curds by alternately raising one end of the cloth and then the other.

Sprinkle 1 tablespoon salt over the curd, one-half at a time, and work in with hands.
Wrap the cheesecloth around the curd, making a ball, and squeeze out as much
whey as possible. Then place curds in a cloth-lined mold and press overnight.
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Next day:

Remove the cheese from the press, and remove cloth. Air-dry the goat cheese on
board or mat in a cool place for 2 to 3 days. Turn daily.

Wax and store at about 4.4° C until optimum flavors are developed. The cheese also
can be consumed immediately, if desired without flavor development.

4.2.6.2.4 Manufacturing Procedure of Goat Milk
Cheddar Cheese Cheddar cheese originated many
decades ago in the little village of Cheddar, Eng-
land, from which it spread throughout the world
(55). English Cheddar is crumbly and has a pro-
nounced sharp, acid flavor and a higher salt content.
Its American counterpart is more cohesive and waxy
in texture with a generally bland flavor (55).

Strictly speaking, Cheddar cheese may not be
legally made from goat milk, because the term
“Cheddar cheese” has originated from cheese made
only from cow milk. However, Cheddar cheese can
be and has been manufactured using goat milk, even
if the latter has some problems of attaining the same
level of moisture content as well as the firmness in
texture of the cheese due to its naturally soft curd
body formation and lack of o ;-casein content in goat
milk, which is considered the primary casein to attain
firmness of the curd. Nevertheless, the goat Cheddar
cheese has been made from caprine milk including at
the GSRREC, Fort Valley State University, Georgia,
and other places. The manufacturing procedure for
goat Cheddar cheese has been adapted from that of
cow milk cheese. As an example of goat Cheddar
cheese processing, steps were adapted from the
University of Wisconsin, Madison, Wisconsin, which
are shown in Table 2.34.

4.2.7 HACCEP Plans for Goat Cheese
Manufacture at the GSRREC, Fort Valley,
Georgia

The Hazard Analysis and Critical Control Points
(HACCP) plans are implemented in most modern
food processing companies, especially in meat-
processing plants. However, many local, individual
dairy processing plants also implement their own
HACCP plans by adapting their own specific setup
and conditions to ensure the food safety of their
products for consumers.

4.2.7.1 Background and Principles of the
HACCP System The HACCP System is a logical,

scientific approach to controlling safety problems in
food production. When a company adopts HACCP,
it puts controls in place at each point in the pro-
duction system where safety problems could occur
from biological, chemical, or physical hazards. To
start a HACCP system, a company must first write
an HACCP plan. There are five preparatory steps
for an HACCP plan, and there are seven HACCP
principles. The regulatory requirements for Sani-
tation Standard Operating Procedures (SSOPs) must
also be met as a prerequisite to HACCP.

4.2.7.2 The Five Preliminary Steps for an
HACCP Plan The five steps are as follows: (a)
bring together your HACCP resources and assemble
the HACCP team; (b) describe the food and its
method of distribution; (c) identify the intended use
and consumers of the food; (d) develop a process
flow diagram; and (e) verify the diagram in the oper-
ation it is meant to represent.

4.2.7.3 The Seven HACCP Principles The seven
principles are as follows: (a) conduct a hazard analy-
sis; (b) identify critical control points; (c) establish
critical limits for each critical control point; (d)
establish monitoring procedures; (e) establish cor-
rective actions; (f) establish record-keeping proce-
dures; and (g) establish verification procedures. The
HACCEP plans at the GSRRREC, Fort Valley State
University, Fort Valley, Georgia, are as shown in
Figure 2.32.

4.2.8 Yield of Goat Milk Cheeses

Yields of cheese are dependent on manufacturing
techniques in different locations, procedures, and
the compositions of milk used. Due to a multitude of
goat cheese processing methods in various parts of
the world and with a significant variation in milk
composition, there are wide variations in the yield of
goat milk cheese.

4.2.8.1 Mathematical Formula for Predicting
Cheese Yield A direct linear relationship has been
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Table 2.34. Manufacturing Procedures for Cheddar Cheese®®®

Step in Time Minutes to &
making of step next step Temperature °F % PH Comments
Add starter 8:15 30 88 0.16 6.65 70 Ibs strained (use
manufacturers
guides)
Add color 8:45 15 88 0.16 — 10 oz
Add rennet 9:00 12 88 0.17 6.60 30 oz
Coagulation 9:12 18 88 — — Vat covered
Cut curd 9:30 15 88 0.10 — Ya-inch knifes
Steam on 9:45 30 88 0.10 — By heating
schedule*
Steam off 10:45 45 102 0.11 6.40 Stir slowly
Drain whey 11:00 30 102 0.13 6.20 8 to 10 inches deep
End drain 11:30 15 102 0.15 6.00 18-inch trench
Pack (1*' turn) 11:45 Turn 101 0.17 5.90 Blocks 7
inches wide
Pile 2 high 12:30 curd 96 0.25 5.70 Cut blocks in half
Pile 3 high 1:00 Every 15 min 93 0.32 5.50 Smooth ends
Mill 1:30 20 91 0.40 5.45 Smooth, silky
Salt 1:50 40 89 0.65 — 25 to 27 lbs
Hoop 2:30 20 88 — — All salt
dissolved
Press 2:50 30 88 — — Full pressure
in 15 min
Press for 5 to 20 hr at full continuous pressure
*Heating schedule
Minutes from steam on 0 5 10 15 20 25 30
Temperature °F 88 89 91 93 96 99 102

“Manufacturing Cheddar cheese from pasteurized milk (Bulletin 464). Research Division, College of Agricultural and
Life Sciences, University of Wisconsin-Madison, WI. April 1971.
bCheesemaking is based on 10,000 lbs of milk, 3.5% milk fat: The final cheese is expected to be 985 1bs cheese with

37-38% moisture and 33% fat.

“Actual cooking time may be extended longer for goat milk cheesemaking because goat milk curd is softer and needs
more cooking time for more moisture to be expelled from the curds.

demonstrated between the amount of fat and protein
(specifically casein) in cow milk and the yield of
Cheddar cheese. Although not many research re-
ports are available, this equation would be applica-
ble to goat milk cheese to calculate its approximate
yield. The importance of casein and fat (the major
components in milk) in determining cheese yield
allows the development of the following mathemati-
cal formula for predicting cheese yield by Price (97):

Cheese yield = [(FxR)— (i; 0.1)]x1.09 —o

/100kg

Where F = fat in milk

R= 100 — %fat lost during cheesemaking
100

C = % casein in milk

_ 100 — % moisture of cheese
100

TS

The percentage of casein in cow milk can be esti-
mated by the following formula, assuming that
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Healthy Milking ™\ Goat
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. =S
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CIP
Storage - Packaging — Pressing
Figure 2.32. HACCP Flow Diagram of Processing. Fort Valley State University, Georgia, U.S.A..
casein constitutes a fixed percentage of total protein. Table 2.35. Moisture Content and Yield of
This may be also applicable for goat milk: Different Types of Goat Cheese
% casein = (% fat X 0.4) + 1.0 Type of
The yield of goat cheese is highly interrelated cheese and Moisture )
with moisture content of the final product (64, Table stage of cheese content (%) Cheese yield
2.35). Milk composition is significantly varied be- Lactic acid body
tween different stages of lactation, which would af- Very fresh 80 18 kg and above
fect the yield of cheese. A Canadian study clearly Fresh 62 14.5-15kg
demonstrated that cheese yield varied directly with Semi-dry 58 12.5kg
seasonal deviations in amounts of fat plus protein in ~ Ripened 55 11-12 kg
milk (47) (Figure 2.33). Dry 50 10.5 kg
Uncooked 52 8.5-10 kg
4.2.8.2 Recent Studies on Yield of Goat Milk pressed body

Cheese The relationships between goat milk con-
stituents and cheese yield have been recently studied
(34). The yield of Chevre made from the sampled
loads of milk was measured and adjusted to 60%
moisture content. There was a definite trend in the

Adapted from Le Jaouen (64).

60% moisture-adjusted yield of Chevre during the
year, which ranged from 14% in June to 20% in
December and January (Figure 2.34). Milk total
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Figure 2.33. Profile of yearly cheese yield in relation to fat and protein contents of cow milk in eastern Ontario in

1972. Adapted from Irvine (47).
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Figure 2.34. Changes in yield of Chevre during 52 weeks. Adapted from Guo et al. (34).
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Table 2.36. Relationship Between Chevre Yield* (Y) and Chemical Composition of Goat’s Milk

Equation r? P value
Y =2.64 TS* — 15.48 0.81 0.01
Y = 11.87 CN! — 13.30 0.75 0.01
Y =8.61 CP* — 12.76 0.79 0.01
Y = 3.85 F* + 3.31 0.75 0.01
Y = 170.56 Ca® — 8.46 0.64 0.01
Y = 43.26 A’ — 18.90 0.55 0.01
Y =231 F* +577CN! — 597 0.80 0.01
Y =3.82 F* + 0.12 SG” + 0.70 0.75 0.01
Y =122L8+ 11.69 0.01 0.50
Y =103.3P° + 3.73 0.59 0.01
Y = 0.05 Mg'’ + 8.86 0.36 0.01
Y = —0.0023 Na'' + 18.697 0.02 0.05
Y =0.74 Zn'* + 13.52 0.47 0.01
Y = 30.01 Ca® + 55.80 P° + 0.36 Zn'% + 3.78 0.69 0.01

Moisture adjusted (60%) yield = True yield X 60/moisture X 100.
ICN = casein; °F = fat; *CP = crude protein; “TS = total solids.

SA = ash; °Ca = calcium; 'SG = specific gravity; 8L = lactose.

P = phosphorus; '°Mg = magnesium; ''Na = sodium; '*Zn = zinc.

Adapted from Guo et al. (34).

solids (TS) and crude protein (CP) contents were the
most significant predictors of Chevre yield (Y). The
results were:

%Y = 2.64TS — 15.48 ( = 0.81, P < 0.01), and

%Y = 8.6116CP — 12.7598 (r* = 0.79, P < 0.01),
respectively.

Relationships between Chevre yield (Y) and
chemical compositions of goat milk for the same
study are shown in Table 2.36.

4.2.9 Relationship Between Goat Cheese Yield
and SCC in Milk

4.2.9.1 General Relationship Between Cheese
Yield and Milk SCC Significant relationships
were found among average Wisconsin mastitis
tests, direct microscopic somatic cell counts (SCC),
cheese yield potential in pounds (454 g) per hundred
weight (cwt), and gross margin per hundred weight
(for the cheese plant) for the low and high somatic
cell farms (8) (Table 2.37). The difference in cheese
yield potential between the high and low somatic
cell count farms was 0.123 kg (0.27 pounds) cheese
per hundred weight.

4.2.9.2 Consideration of Cheese Yield of Goat
Milk in Contrast to Bovine Milk Research has
shown that goat milk has considerably higher SCC
compared to the cow milk counterpart. Somatic cell
count has been accepted as a quantitative index for
mastitic conditions of cows milk or for degree of
glandular irritation in bovine mammary glands (87,
96). However, there has been great controversy over
the relationship between SCC and mastitic infection
in goat milk. Somatic cell counts in milk from nor-
mal or uninfected goats were reportedly much higher
than those in milk from normal cows, especially in
late stages of lactation (12, 32, 92, 105). Average
SCC in goat milk ranged from 750,000 to 5.4 mil-
lion cells/ml (19).

Milk secretion in the cow is of the merocrine type
but in the goat it is an apocrine process, which
results in a high number of round cytoplasmic parti-
cles and epithelial cells in the milk (87). Goats may
shed large numbers of epithelial cells in the milk.
It is common to find high SCC in goat milk, when
actual numbers of leucocytes are relatively low (51).
This phenomenon does not happen in cow milk due
to insignificant numbers of epithelial cells. Several
researchers indicated that the total SCC does not
correlate with leucocyte count in goats (20, 41, 104,
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Table 2.37. Impact of Somatic Cell Count on Cheese Yield Potential and Gross Margin per cwt

for 12 Low and 12 High Somatic Cell Farms

Low group High group Difference
Wisconsin mastitis test score 11 16 5
Somatic cells (cells/ml) 529,000 667,000 138,000
Cheese yield potential (Ib/cwt) 9.52 9.26 0.27
Gross margin/cwt $2.01 $1.78 $0.23

Source: Barbano et al. (8).

105). Non-leucocytic cell-like particles commonly
existing in goat milk do not contain deoxyribonucleic
acid (DNA). Methods specific to DNA gave signifi-
cantly lower results than Coulter electronic cell
counts or direct microscopic SCC with a nonspecific
stain (20). Therefore, only counting methods specif-
ic for DNA should be employed for estimating SCC
in goat milk. The direct microscopic counting with
pyronin Y-methyl green stain method (77) has been
exclusively recommended by the American Dairy
Goat Association for enumeration of SCC in goat
milk (51). In addition, the U.S. National Conference
on Interstate Milk Shipments and the American
Dairy Goat Association have recommended that
separate standards be established in counting SCC
for cow and goat milk (6, 51, 87).

Park and Humphrey (87) showed that the average
SCC in their goat milk was 9.08 X 10° cells/ml,
while Staphylococcus and total bacterial cell counts
were 3.323 X 10% and 1.544 X 10* cells/ml, respec-
tively, in the same milk (Table 2.38). They reported
that none of the correlation coefficients (r) between
somatic cell and bacterial cell counts was significant
for the pooled data of Alpine and Nubian breeds, but

a correlation (r) between Staphylococcus and SCC
was significant. The r between SCC and % fat or
protein were significant (P<<0.01) for combined or
separated breed data (Table 2.39). They confirmed
that bacterial cell counts could not explain high SCC
in goat milk with the present testing standards of
cow milk.

The aforementioned research data indicate that
cheese yield of goat milk may not be as closely
related to SCC as that of bovine milk. The observa-
tions on yield of goat cheeses at the GSRREC dairy
plant appeared to have some tendency in lower
cheese yield with high SCC in the goat milk.
Nevertheless, more research would be required to
substantiate the actual relationship between cheese
yield and levels of SCC in goat milk.

4.2.10 Technical Advances in Manufacture of
Goat Cheeses

The goat milk cheese industry will never be able to
compete with the cow cheese counterparts in terms
of total volume of production, due to the lesser
amount of milk production and seasonal milk sup-

Table 2.38. Statistical Summary of Total Bacterial Cell Counts (TCC), Coliform Counts (CFC),
Staphylococcus Count (STC), Somatic Cell Counts (SCC), Percent Fat, and Percent Protein for

the Pooled Data of Alpine and Nubian Goats

No. of
observation Mean Range' SE
TCC (X 10%/ml) 104 1.544 0.01-34.7 0.533
CFC (X 10°*/ml) 85 0.966 0.00-8.90 0.169
STC (X 10°/ml) 90 3.323 0.00-40.0 0.633
SCC (X 10°/ml) 104 9.08 0.00-62.0 1.060
Fat, % 105 4.47 1.62-7.92 0.134
Protein, % 105 3.42 2.36-5.00 0.051

1Zero means less than unit counts.
Adapted from Park and Humphrey (87).
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Table 2.39. Correlation Coefficients among Total Bacterial Cell Counts (TCC), Coliform Counts
(CFC), Staphylococcus Count (STC), Somatic Cell Counts (SCC), Percent Fat, and Percent
Protein for the Combined Data of Alpine and Nubian Goats'

TCC CFC STC YoFat %Protein
SCC —-0.137 —0.304 0.167 0.415%* 0.412%*
TCC 0.321%%* 0.171 0.071 0.011
CEC —0.136 —0.025 0.045
STC 0.144 0.333%:*
% Fat 0.655%*

"Number of observation is based on Table 2.9 values.
#P < 0.01
Adapted from Park and Humphrey (87).

ply. This inherent species-specific disadvantage of
the goat cheese industry necessitates the exploration
of some alternative solutions or technological de-
velopment to enhance yield and quality of goat
cheeses.

4.2.10.1 Ultrafiltration Technology in Goat
Cheese Manufacture In 1969, Maubois, Mo-
cquot, and Vassal introduced a new concept for man-
ufacturing natural cheese called the MMV process
(55, 56). The principle of this technique is based on
selective concentration of skim or whole milk by
ultrafiltration (UF) to produce a very high fat and
protein liquid, called retentate.

Ultrafiltration was used for the production of
retentate, precheese fraction from goat milk. The
fraction was subsequently made into cheese. This
resulted in an 8 to 15% increase in cheese yield,
because whey proteins are retained with the curd
and less rennet is required (56, 67). One of the
advantages in the manufacture of a cream cheese—
type product using the UF technique was the possi-
bility of holding the precheese material in frozen
storage for later use in cheese manufacture (67). The
UF procedure also has been used to prepare a spray-
dried retentate material that can be reconstituted and
made into cheese for later use (55, 93).

Using UF technology, it is now possible to pro-
duce goat cheese even with a shortage of fluid milk
supply. With the ultrafiltration technique, a large
French manufacturer of Chevre cheese can now
smoothe out the production variations throughout
the year. A goat milk cheese-processing plant in
New Zealand is being converted to UF technology.
This same trend is likely to follow in the United
States.

4.2.10.2 Freezing Goat Cheese or Precheese
For manufacture of cheese, the precheese produced
by UF is adjusted with plastic cream to the composi-
tion of natural cheese desired. It is inoculated with
starter culture, rennet, color, salt, and mold spores
when necessary, and then the viscous, liquid pre-
cheese is poured into plastic forms (56). In this
process, the curd is formed with little or no free
whey in a short time, and no cheese vats are re-
quired. Continuous cheese making became possible
for certain cheese types by this MMV concept. The
MM V-process technique has been presently and suc-
cessfully applied to rennet cheeses, such as cream,
Camembert, St. Paulin, feta, mozzarella, and fresh
acid French type cheese (56).

Another means of combating seasonal goat milk
supply is freezing curd and holding it in frozen stor-
age. Cheese made from this curd generally was less
desirable in flavor than that made from the fresh
curd (94). However, recent research investigations
conducted at the author’s institution revealed that
frozen-storage of plain soft and Monterey Jack goat
milk cheese up to six months was possible and did
not have significant influence on sensory quality of
the cheeses (88). Although the concentrations of
some organic acids in the frozen-stored cheeses
were changed, the effects on sensory quality of the
products were not deleterious for at least up to three
months of storage (86), which presents the strong
possibility of potential application of this technol-
ogy into the extended marketing of goat products to
overcome its seasonal milk supply.

4.2.10.3 Nutritional Fortification of Goat
Cheeses  Another technical improvement that may
be applicable to goat cheese production is nutritional
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fortification. Goat milk is deficient in iron, as is cow
milk. Iron in ferrous sulphate form has been added
to whey cheese to enhance nutritional quality of
goat cheese (113). This iron supplementation tech-
nique has been successfully carried out recently for
cow Cheddar cheese without having any detrimental
effects on the cheese quality (115).

4.2.11 Defects of Cheese

Production of high-quality cheeses can be achieved
only when the final marketed products are free of
flavor and texture defects as well as free of harmful
microorganisms. One problem with ripened goat
milk cheese is that lipase enzymes in the cheese may
activate and cause certain lipolysis during ripening,
which releases significant amounts of short-chain
fatty acids, such as caproic, caprylic, and capric
acids, characteristic of goaty flavor. Under extreme
circumstances, the cheese may be rejected by con-
sumers due to development of a too pungent flavor.
However, control of this flavor defect by enzymatic
hydrolysis can be achieved through careful handling
of milk, proper pasteurization, proper cheese mak-
ing, and ripening techniques.

Flavor defects are identified as rancid, acid, bitter,
goaty, feedy, oxidized, cooked, brothy, or yeasty fla-
vors (43, 86). Cooked flavors arise from the release
of volatile sulfides from the heat activated sulf-
hydryl groups of the major whey protein [3-
lactoglobulin. A recent study with commercial plain
soft goat cheese showed that the soft cheese stored
at 4°C in a refrigerator has maintained its freshness
and acceptable sensory quality for up to four weeks
storage (86). There are many fine qualities of goat
cheese produced worldwide, and these commodities
are shipped to other countries.

4.3 YOGURT

4.3.1 General Characteristics of Goat Milk
Yogurt

Goat milk yogurt was one of the traditional products
from countries where fermented dairy foods origi-
nated. Fermented goat milk products played a sig-
nificant role in securing food for rural communities
of many developing countries. There is a target mar-
ket of goat yogurt for individuals who look for the
special taste or health benefits, or who are allergic to
cow milk protein, specifically a;-casein (33). Some

individuals who simply enjoy the flavor of goat milk
products, in fact many gourmet food consumers, are
willing to pay high prices for certain goat milk prod-
ucts (39). In addition, certain consumers believe that
goat milk is nutritionally superior to bovine milk.
This belief certainly creates a larger market (2).
Fermentation diminishes the “goaty” flavor, which
is so often perceived as distasteful in the U.S. mar-
ket. This taste is attributed to the aroma compounds
and acids produced by the yogurt starter cultures
during fermentation (21). Goat milk yogurt can be
made in a similar manner to the cow counterpart.
One of the main problems in manufacture of goat
milk yogurt is weakness and lack of consistency in
curd tension or viscosity upon agitation compared
with cow yogurt. This is due to the difference in pro-
tein composition between the two milks, especially
in casein contents.

4.3.2 Manufacturing Procedures of Goat Milk
Yogurt

There are different yogurt products throughout the
world, using different yogurt cultures and varied
milk composition. The typical manufacturing steps
are shown in Figure 2.35 and Table 2.40 (55, 67).
The basic processing procedures of goat milk yogurt
include: (i) preparation of milk; (ii) standardization
(standardized to 1.0-1.7% fat); (iii) pasteurization
(72°C for 20 sec, or cow yogurt 90.6°C for 40-60
sec. [HTST] or 85°C for 30 min. [vat]); (iv) cooling
of the pasteurized mix to 116°F (46.7°C) and hold-
ing in vat for up to 15 min.; (v) inoculation (45°C)
(carefully introduce into warm milk or milk mixes
1.25% by weight of active Lactobacillus bulgaricus
culture and 1.25% Streptococcus thermophilus cul-
ture); (vi) packaging (set yogurt); (vii) incubation
(permit filled containers to remain in room at 114°F
(45°C) for 3-5 hrs. or until a firm, smooth gel has
formed to pH 4.5); (viii) chilling (yogurt is chilled to
45°F [7.2°C] in less than 1 hr.); and (ix) storage and
distribution (store the containers of yogurt at 40°F
[4.4°C] or lower; the shelf life at this temperature is
30-60 days).

4.3.3 Biochemical and Microbiological
Principles of Yogurt Manufacture

In yogurt production, the milk should be pasteurized
and homogenized, and then cooled to the optimal
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Figure 2.35. Flowchart for manufacture of yogurt. Adapted from FDA Workshop, St. Louis, MO, 2000.

growth temperature of the fermentative yogurt starter
culture bacteria (depending on species, approximate-
ly 42-45°C). The next step is to add the starter cul-
ture to the warm milk. In the United States a com-
monly used bacterial combination of starter cultures
is Streptococcus thermophilus with Lactobacillus
delbrueckii subsp. bulgaricus. These two cultures
produce lactic acid at a greater rate when used
together than when used alone (108). This is caused
by each organism releasing compounds into the milk
that can be utilized by the other organism. Some of
the compounds produced by Streptococcus ther-
mophilus that stimulate the growth of Lactobacillus
delbrueckii subsp. bulgaricus include formic acid
(110), carbon dioxide, pyruvate, purine, adenine, and
uracil (108). Lactobacillus delbrueckii subsp. bul-
garicus produces the following compounds, which
have been shown to stimulate Streptococcus ther-
mophilus growth: glycine, histidine, and various

proteolytic enzymes, which produce the nitrogen
necessary for the growth of S. thermophilus (108). It
was suggested that goat milk is better than cow milk
for the growth of lactic acid bacteria due to the
somewhat higher content of vitamins essential to
their growth and the higher content of non-protein
nitrogen (1). In many cases, other bacterial species
are also added to provide probiotic benefits to con-
sumers, such as L. acidophilus, L. paracasei subsp.
casei, and various Bifidobacteria species.

Yogurt bacteria metabolize lactose in the milk and
release lactic acid into the milk as a waste product
(110). The starter cultures often used in yogurt are
heterofermentive, indicating that they metabolize
sugars by the glycolytic pathway. Lactose is a disac-
charide composed of glucose and galactose. In this
pathway, lactose is first transported across the cell
wall and converted to galactose-6-phosphate and
glucose; both of these components are then converted
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Table 2.40. Manufacturing Conditions and Procedures of Cultured Goat Milk Products®

Stop
Culture Type of Rate of Incubation incubation at
Products Milk type microorganism inoculum inoculation (%) Temp. °F (°C) Time (hr) pH %TA
Buttermilk
Skim or low fat S. lactis Bulk start or 0.5-1.0 as 72 (22) 14-16 4.5 0.8
S. cremoris direct set directed
L. citrovorum 72 (22) 12-16 4.5 0.8
S. diacetilactis
Acidophilus
Skim or low fat L. acidophilus Bulk start 0.5 100-111 (37-44) 18-24 3.8 1.0
Sour Dip Half-n- Half Same as for Bulk start or 1.0 72 (22)* 14-16 4.8% 0.7*
(11% fat) buttermilk* direct set*
Kefir Whole S. kefir Kefir grains As directed 72 (22) followed 12 4.5 0.8
T. kefir by 50 (10)
L. caucasicus 24-72
S. lactis
Yogurt Skim or low fat S. thermophilus Individual cultures 1.25 each or as 114 (45.6) 5-6 4.2 0.9

L. bulgaricus

or direct set

directed

*Same conditions for sour dip and sour cream; sour cream as 18% fat.

“Data from Loewenstein et al. (66) and Kosikowski (55).



Goat Milk: Products, Manufacturing Technology, Chemical Composition, and Marketing 85

to glucose-6-phosphate. The glucose-6-phosphate is
then metabolized by the bacteria to produce energy
in the form of ATP (adenosine tri-phosphate) with
water and lactic acid as by-products:

Lactose + 2H;PO, + 4ATP — 4 lactic acid + 4ATP
+ 3H,0

As the starter cultures continue to produce more
acid, the initial pH 6.7 of goat milk (33, 114) de-
creases to 4.5 or less. This rate of decrease in pH can
be affected by incubation temperature. At a higher
temperature, 40-45°C, fermentation can occur as
quickly as 2.5 hours, while the process can take
between 16 and 18 hours at lower temperatures, 30—
35°C (108).

After decrease in pH, the casein micelle structure
becomes the key to yogurt production. Milk casein
micelles are negatively charged and are associated
with one another by calcium phosphate bridges.
During the fermentation of milk, as the pH is low-
ered, calcium phosphate is released from the mi-
celles, causing an increase in calcium content in the
serum portion of the milk. Casein also begins to dis-
sociate from the micelles. At pH 5.6, portions of all
the major caseins (k, 3, o) have dissociated from
the micelles. This disruption of the core structure of
the casein micelles causes a loss of stability and
leads to aggregation (44).

At apH of 5.2, the casein particles begin to aggre-
gate, due to decreased repulsive forces, which allow
hydrophobic interactions to take place to form struc-
tures with empty spaces between them. Between pH
5.2 and 4.8, contraction of casein aggregates takes
place, and these particles are larger than the original
micelles in the milk. At pH 4.5 or below, rearrange-
ment and aggregation of casein particles occur, lead-
ing to the formation of a protein matrix consisting
of micellar chains and clusters trapping other milk
components inside, where a milk gel (yogurt) is
formed (108).

4.3.4 Enhancement of Texture of Goat Milk
Yogurt

Various techniques have been employed to improve
the texture of yogurt for many centuries. The most
common method is to increase the amount of total
solids in the milk. In general, the higher the level
of solids in the milk, the greater the viscosity and
consistency of the yogurt.

4.3.4.1 Improvement of Goat Yogurt Texture by
Fortification The first method used to achieve
goat yogurt texture was to boil the milk before it was
used to make yogurt, which concentrates the milk
and modifies the properties of the casein, which in
turn improves the viscosity of the final product. Cur-
rently, there are many other methods used to in-
crease total solids in yogurt production.

Boiling milk to increase total solids content is still
a common method in rural areas where the scale
of yogurt manufacture is quite small. The milk is
boiled until the volume is reduced to two-thirds of
its original amount. However, this procedure alters
sensory characteristics and causes a loss of heat la-
bile vitamins (108).

Another method to increase total solids content is
the addition of powder ingredients. Several different
additives are used to increase solid content in order
to create a thicker and smoother yogurt. These in-
clude skim milk powder (high in protein), whey pro-
ducts, and buttermilk powder.

The most realistic and economic approach for the
production of goat milk yogurt with good body tex-
ture and flavor is supplementation of goat milk with
cow skim milk powder (3). It was observed that
increasing the level of total solids to 15% in goat
milk with cow skim milk powder increased the rate
of lactic acid production, masked the goaty flavor,
and decreased syneresis. Although this yogurt still
had a softer body compared with cow milk yogurt, it
also possessed a whiter color and displayed less of a
tendency to produce syneresis when stored at 4°C,
compared with cow milk yogurt. A taste panel study
could not distinguish between cow milk yogurt and
goat yogurt supplemented with cow skim milk pow-
der. The goaty flavor was masked, possibly due to
the addition of cow skim milk powder, which may
have enhanced the flavor (acetaldehyde) producing
capacity of the starter cultures. Lessened tendency
to produce syneresis could be due to the presence of
more acid, which produces a softer and less compact
coagulum during fermentation and provides resis-
tance of the gel to further shrinkage and syneresis
during storage.

Different types of whey powder and whey protein
concentrate are often added to improve yogurt tex-
ture. Whey protein is a by-product of cheese pro-
duction. After casein coagulation, water, whey pro-
teins (e.g., a-lactalbumin and (3-lactoglobulin), and
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other water-soluble components are drained from
the cheese vats. Whey protein concentrate can com-
monly be found as an ingredient on the labels of
commercial bovine yogurt products (31). The rec-
ommended level of addition of whey powder is 1 to
2% because adding more than this level can alter the
flavor of the yogurt. Whey protein powder added at
levels of 0.6 to 4% also produces an improvement in
yogurt texture, while also improving some of the
sensory attributes of the yogurt (108).

Sodium caseinate or micellar casein is also uti-
lized as an additive to improve yogurt texture (54).
As mentioned previously, casein forms the gel struc-
ture in yogurt, therefore the structure will become
stronger if more casein is added (108). Casein is
also an effective additive because casein and [3-
lactoglobulin interact chemically on heating, which
effectively increases the concentration of gel-forming
protein in the yogurt matrix and reduced syneresis
through increased entrapment of serum within the
interstices of the whey protein molecules attached to
the surface of the casein (54).

Other methods to improve texture by increasing
total solids include: concentration by vacuum evap-
oration, concentration by membrane filtration, and
addition of non-milk proteins, such as soy protein,
egg white, ground nut protein, and so on.

Another group of additives also utilized to
enhance and maintain texture in yogurt are stabilizers
(112). Stabilizers, also known as hydrocolloids, are
polysaccharides and are common natural or synthet-
ic gums. They improve the texture of yogurt in two
ways. First, they bind water; second, they form a
network of linkages between the milk constituents
and themselves. This is achieved by the presence of
a negatively charged group, for example, hydrogen
or carboxyl radical, or by the presence of a salt, pos-
sessing the power to sequester calcium ions, which
are parts of the gel structure in untreated yogurt
(108).

4.3.4.2 Improvement of Goat Yogurt Texture by
Enzymatic Crosslinking A new method has re-
cently been developed to modify the texture of
yogurt with an enzyme, microbial transglutaminase
(MTGase). Transglutaminase is important for many
biological processes in many organisms including
fibrin clot stabilization, hair follicles, and cross-
linking of erythrocytes (74). Research on transgluta-
minase was originally spurred by the desire to create

meat-like texture in vegetarian foods. Animal pro-
teins are cross-linked, which is partially responsible
for the texture of meat (71). Transglutaminase is
found in many sources, including animals, fish, and
plants (58, 59). However, animal sources would be
inappropriate for vegetarian consumers, and it is also
difficult and costly to extract this enzyme from both
animal and plant sources (116). Therefore, screening
for enzyme-producing strains in approximately
5,000 microorganism species was carried out (5).

One organism, Streptoverticicillium mobaranese,
demonstrated a high level of production of a trans-
glutaminase-like enzyme, while there were only
barely detectable levels produced by other microor-
ganisms (5). This enzyme was determined to have
the same cross-linking abilities as animal and plant
transglutaminase (5). It has been labeled microbial
transglutaminase (MTGase) (72) and is presently
commercially available from Ajinomoto Inc., IA,
U.S.A. (71). MTGase has been used in the food
industry to cross-link many varieties of protein in-
cluding whey, soy, wheat, beef myosin, and casein
(116).

The physical and chemical characteristics of
MTGase have been elucidated by recent studies (71,
72). The experimental molecular weight was deter-
mined to be 40 kDa. The isoelectric point is 8.9.
The primary structure is comprised of 331 amino
acid residues with a molecular weight of 37,842.
MTGase contains a single cysteine residue essential
for its catalytic activity.

The optimum temperature for MTGase activity is
50°C, but activity is sustained between 0°C and
70°C. However, activity is lost within a few minutes
at temperatures below 0°C and above 70°C (71, 72).
Fortunately for the commercial applicability of this
enzyme, it does not require Ca®* for enzymatic
activity, as mammalian TGases do (5, 72). It was
also discovered that most food proteins can be cross-
linked by MTGase (71). MTGase was approved as a
GRAS, Generally Recognized As Safe, substance in
June 1997 (71). In yogurt, it has been approved at
levels of 30 ppm or below (4).

MTGase catalyzes acyl-transfer reactions, which
covalently cross-link the lysine and glutamine ends
of various protein molecules, forming larger protein
complexes from small protein substrates (62, 71, 76,
116). Most often a cross-link is catalyzed between
glutamine and lysine, the e-(y-glutamyl) lysine
cross-link (26). The protein cross-linkings not only
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improve the yogurt structure but also produce non-
protein nitrogen, which could contribute to in-
creased growth of S. thermophilus.

A probiotic goat milk yogurt with improved tex-
ture by enzymatic cross-linking has been devel-
oped in the co-author’s laboratory at the University
of Vermont. The results show that the consistency
of yogurt was greatly improved by the addition of
MTGase. Scanning electron micrographs revealed
that the microstructure of the yogurt treated with
MTGase became increasingly dense as the MTGase
level was increased from O to 2 and 4 units per gram
protein. Enzymatic cross-linking did not have a sig-
nificant impact on the survival of the probiotic cul-
tures, L. acidophilus, L. casei, and Bifidobacteria
(P>0.05) or on the chemical composition of the
yogurt, including total solids, ash, lactose, protein,
fat, and mineral content (P>0.05). Enzymatic cross-
linking by MTGase appears to be an effective
method to improve goat milk yogurt consistency
(25).

4.3.5 Therapeutic Properties of Yogurt

Yogurt is made from the symbiotic growth of two
bacteria: Streptococcus thermophilus and Lacto-
bacillus delbrueckii ssp. bulgaricus. These bacteria
cannot survive gastric passage or colonize the gut.
For this reason, yogurt-containing bacteria such as
Lactobacillus acidophilus and Bifidobacteria are
popular due to their potential therapeutic benefits
(98).

There are two main genera of bacteria that are
known for their therapeutic properties in the human
body: Lactobacilli (L. acidophilus being the most
well known) and Bifidobacteria (14). Both are natu-
ral inhabitants of the human body, although each
inhabits a specific location and provides a number of
unique benefits. These bacteria, which when con-
sumed survive and inhabit various areas of the
digestive tract, have been labeled probiotic bacteria.
They possess the ability to create positive changes in
the equilibrium populations and metabolic activity
of the indigenous microbiota of the human digestive
tract (14) and therefore improve the overall health of
the host.

Lactobacilli are gram-positive, catalase-negative
rods that often occur in long-chains; they are typi-
cally microaerophilic, as in the case of L. casei, but
many true anaerobic strains exist (49). Lactobacilli

are natural inhabitants of the terminal ileum, where
they attach themselves to epithelial cells (14). There
they can prevent the attachment and growth of bac-
teria involved in many intestinal infections (108).
They also metabolize lactose, which has been shown
to protect lactose-intolerant individuals from experi-
encing adverse symptoms (108).

Bifidobacteria are the dominant bacteria in the
stools of breast-fed infants. They are gram-positive,
non-spore forming, strictly anaerobic and pleomor-
phic (can assume a number of different shapes) fer-
mentative rods, often y-shaped. Their optimum
growth temperature is 37-41°C, with a minimum
growth temperature of 25-28°C and a maximum of
43-45°C. The optimum pH for growth of Bifido-
bacteria is 6.5-7.0. They do not grow at pH 4.5-5.0
or 8.0-8.5 (100).

Bifidobacteria are natural inhabitants of the large
intestine. According to Roy (100), there are 33
species of Bifidobacteria, 12 of which have been
found in humans. The main species found in the
human colon are B. adolescentis, B. bifidum, B.
infantis, B. breve, and B. longum. Bifidobacteria
constitute 5-10% of total colon flora of healthy chil-
dren and adults. They produce mucin, a complex
polysaccharide, which eases the passage of feces
and prevents attachment of harmful bacteria to the
lumen. Suppression of the growth of harmful bacte-
ria could possibly lower the risk of carcinogenic
compounds being liberated during fermentation in
the colon (100).

The Bifidobacteria also produce lactic and acetic
acids in the ratio of 3:2 (90). The organic acids lower
the pH in the large intestine, making conditions
unfavorable for the growth of many putrefactive and
pathogenic organisms. Bifidobacteria have been
used in the treatment of diarrhea in children and
constipation in the elderly. In vitro and animal
research has demonstrated the infection prevention,
immunity activation, anti-tumorigenic effects, and
vitamin production of Bifidobacteria (90). It has
been claimed that ingestion of specific Bifido-
bacteria could also contribute to reestablishment of
Bifidobacterial flora in humans after antibiotic ther-
apy (100).

The consensus of many sources is that at least 10°
colony-forming units (live bacteria) of these probi-
otic bacteria must be contained per gram yogurt to
produce health benefits (98, 100, 108). In addition
to consuming yogurt with adequate live and active



88 Chapter 2

bacteria, it is also important that a significant
amount of yogurt, at least 200-300 ml per week, be
consumed in order to receive the therapeutic benefits
(108).

A number of factors have been claimed to affect
the viability of probiotic bacteria in yogurt, includ-
ing acid and hydrogen peroxide produced by yogurt
bacteria, oxygen content in the product, and oxygen
permeation through the package (103). Although L.
acidophilus and Bifidobacteria can tolerate acid, a
rapid decline in their numbers in yogurt has been
observed. Bifidobacteria are not as acid tolerant
(growth of the Bifidobacterium spp. is retarded
below pH 5.0) as L. acidophilus (growth ceases
below pH 4.0). This is especially a problem because
L. delbrueckii ssp. bulgaricus, used in yogurt mak-
ing, continues to produce lactic acid during fermen-
tation and refrigerated storage. This process is
known as post acidification, which is found to cause
loss of viability of probiotic bacteria (103).

It is therefore important for manufacturers and
retailers to confirm the viable count of these organ-
isms in fermented milk products in the presence of
other species (90) and throughout the shelf life of
the product. Due to the viability problems associated
with L. acidophilus and Bifidobacteria during stor-
age, the recent trend is to add L. casei as an adjunct
bacterium to yogurt and/or probiotic cultures (98).
L. casei is claimed to have probiotic benefits and to
be more stable than L. acidophilus or Bifidobacteria.

Yogurt has become a highly popular fermented
food product for the past two to three decades. The
trend of per capita consumption in the United States
greatly increased from 0.12 kg in 1960 to 1.62 kg in
1984 and continues to grow (17, 70). Reports have
shown that fermented dairy products are more nutri-
tious than the milk from which they are made (7, 18,
63). The greater nutritional value of these products
is attributable to the increased production or avail-
ability of certain nutrients and to the prehydrolysis
of the major milk constituents by lactic starter cul-
tures, rendering them more digestible (18, 36, 63,
75).

Yogurt has been used as a therapeutic agent. Its
most common use has been in gastrointestinal disor-
ders such as diarrhea, infantile gastroenteritis, and
constipation (18, 75). Yogurt was also shown to have
greater hypocholesterolemic effect than milk be-
cause the former contains hydroxymethyl glutarate,

which inhibits cholesterol synthesis from acetate
(68). Calcium, orotic acid, lactose, and casein have
all been suggested as possible hypocholesterolemic
factors (18, 45).

Qualitative and quantitative changes in vitamin,
protein, carbohydrate, and bacterial content in yogurt
have been reviewed (10, 30, 60). With all methods
of fortification, the percent of protein in yogurt is
increased, thus it will almost invariably have a higher
level of protein than milk (18). Little attention has
been paid to the nutritive value of the bacterial cell
mass in yogurt that constitutes about 1% of the dry
matter in the product, and the bacterial protein may
be arich source of essential amino acids (18, 23).

4.4 OTHER GOAT MILK PRODUCTS AND
THEIR PROCESSING TECHNOLOGIES

4.4.1 Other Fermented Goat Milk Products

There are many other fermented goat milk products
produced and consumed, including buttermilk, aci-
dophilus, sour dip, and kefir. The manufacturing pro-
cedures of these other important fermented goat milk
products are summarized in Table 2.40. Different
culture microorganisms are used for these different
types of fermented milk products, and incubation is
stopped at different desired acidity, as shown in
Table 2.40.

4.4.1.1 Buttermilk Buttermilk is usually made
from skim milk using the by-product from churning
butter out of sour cream. Goat buttermilk is made
from skim milk (less than 0.5% fat); yogurt made
from whole milk (3.25% fat), low fat milk (0.5 to
2.5% fat), or skim milk; sour cream must contain
18% fat in most states (67). Sour dip is made from
half-n-half milk (11% fat) using the same kind of
culture organisms used for buttermilk manufacture.

4.4.1.2 Acidophilus milk Acidophilus milk can
be made by the activity of Lactobacillus acido-
philus, which is capable of converting a greater pro-
portion of the lactose to lactic acid (2%). It is pas-
teurized milk or low-fat milk inoculated with
Lactobacillus acidophilus, which destroys other
competing bacteria antagonistic to man in the lower
intestine. These organisms have the ability to im-
plant themselves in the large intestines, survive the
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low surface tension and change nutrients (55). In the
past the popularity of this product was limited by the
flavor developed during fermentation. A more recent
product has overcome this by adding the live organ-
isms to pasteurized milk and refrigerating to prevent
subsequent fermentation and flavor development
(55). In manufacture as shown in Table 2.40, skim
milk or partially defatted milk is sterilized in an
autoclave at 120°C for 20 min (15 psi), then tem-
pered to 38°C. Next, a 5% inoculation of active L.
acidophilus starter is introduced. The mixture is
incubated at 38°C for 18 to 24 hr until a curd forms
with about 1.0% titratable acidity.

4.4.1.3 Kefir Kefirisan acidic, slightly foamy pro-
duct, made from pasteurized and fat-standardized or
decreamed goat milk, which has passed through a
combined acidic and alcoholic fermentation of sym-
biotic lactic acid bacteria and yeast “kefir grains”
(55). The finished product, kefir contains 0.6-0.8%
lactic acid, 0.5-1.0% alcohol and carbon dioxide.
The dominant microbial flora of Kefir consists of
Saccharomyces kefir, Torula kefir, Latobacillus cau-
casicus, Leuconostoc spp. and lactic acid strepto-
cocci. Yeasts represent 5 to 10 % of the microbial
population (55).

4.4.1.4 Ghee and butter-like products Ghee is
an Indian (and Middle East) clarified butterfat prod-
uct which is manufactured by fermenting whole
milk into curd and churning out butter, followed
by heat clarification at 105-145°C (13, 55). In the
Middle East, casein is produced from skimmed
milk. In Iran it is called Kashk or dried butter. It is
used as food ingredient or in the form of meal as ani-
mal feed. In India, Chhana, Khoa and Pancer (a
cheese) are also made from goat milk. Chhana is an
acid- and heat-coagulated milk product.

4.4.1.5 Sweets from goat milk Sweet products
made of goat milk are popular in Mexico, Norway
and India. In Mexico, the Cajeta a thick liquid of
caramelized milk with sugar added, which is popular
and sold as such or dried as small tarts. In Latin
American countries, other sweets made of goat milk
called, “dulces” are produced in similar ways. In
Norway, Gjetost is a sweet caramel-colored product

with a texture in which lactose crystals may be often
noted. The processing of gjetost is similar to the
Cajeta except that the casein is removed while the
original lactose is used instead of sugar. In India, a
chhana-based sweet is made by kneading chhana and
cooking in sugar syrup over medium heat. Khoa is a
heat-desiccated indigenous milk product used in the
preparation of a variety of sweets.

4.4.2 Evaporated and powdered goat milk
products

Evaporated and powdered goat milk products are
manufactured in U.S. and New Zealand, marketed
around the world, but very little research data and
reports are available on these products (83). Sig-
nificant quantity of powdered goat milk is commer-
cially produced especially in the United States and
New Zealand. Evaporation is usually done under
reduced pressure, primarily to allow boiling at a
lower temperature and thus prevent damage due to
heating. Figure 2.36 displays the flowcharts for
manufacturing procedures of evaporated and pow-
dered milk. The figure also shows the processing
steps for the other long shelf-life products such as
sterilized fluid milk and coffee creamer.

The principal components of an evaporation plant
are: (a) Evaporation chambers operating as heat
exchangers, (b) Equipment for the production and
maintenance of a vacuum, (c) Separators for the sep-
aration of vapor and concentrate, and (d) A condenser
for the vapor (16). The basic principles of the evapo-
ration system are based on the fact that steam or
vapor is condensed on one side of a metal surface in
the heat exchangers, causing the liquid on the other
side to evolve vapor. Evaporated goat milk would be
processed using the similar evaporation facilities as
performed for evaporated cow milk products.
General composition of evaporated cow milk has
7.5-9.0% fat, 17.5-22% milk solids nonfat, and 25-
31% total solids, while that of goat milk counterpart
is shown in Table 2.41.

For powdered milk, there are two different meth-
ods of manufacture of dried milk products: roller
drying and spray drying process. In the ro