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ABSTRACT

Small ruminant milks have composition different from cow milk. Goat and
Sheep milks are natural functional milks mainly because of its high

nutritional value, digestibility and therapeutic and dietary characteristics.
Goat’s milk also contains more free amino acids, minerals (calcium,
magnesium, potassium and phosphorus, selenium) and vitamins than cow’s
milk which are essential for bone growth and the proper development of
newborns. In the whey protein content about 55% of all milk whey proteins
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are albumins, which include a-lactoalbumins and B- lactoglobulin, a rich

Avrticle Info source of bioactive peptides with extra physiological activity. Goat and
Accepted: Sheep milk is a good source of conjugated linoleic acid and a-linolenic
20 September 2020 acid. It is claimed to inhibit the occurrence and development of cancer, in
e O the prevention of coronary heart disease and atherosclerosis, inhibits the

development of osteoporosis and stimulates the immune system.

beneficial effect on an individual’s health
when it is consumed as part of a varied diet

Introduction

Functional milk is milk that provides health
benefits beyond what regular milk provides. It
has its origin in functional foods. British
Nutrition Foundation defines functional foods
as “foods with health-promoting benefits
and/or disease — preventing properties over
and above their usual nutritional values”.
Functional foods are foods or food ingredients
that provide a health benefit beyond basic
nutrition. These foods have a potentially

and on a regular basis at effective levels.”

Many scientists working on the functional
properties of goat and sheep have concluded
that these milks are natural functional milks
mainly because of its high nutritional value,
digestibility and therapeutic and dietary
characteristics. Among these compounds are
bioactive peptides and lipids, such as
conjugated linoleic acids and other bioactive
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components like  hormones, cytokines,
oligosaccharides, nucleotides and minor
components, which may have an important
role on the development and maintenance of
metabolic, immunological and physiological
processes and thus contribute to the
development of functional dairy products
(Haenlein, 2004; Raynal-Ljutovac et al.,
2008, Salva et al., 2010, Salva et al., 2011).

Milk and colostrum contain a great number of
bioactive components influencing the human
health such as weight management and
hypertension. Furthermore, milk components,
such as calcium and proteins and new
structures created by reaction of these with
other components have a great influence on
the technological properties of the milk, and
might also influence digestion and health
properties. Since Goat and sheep milk is
richer in such milk components compared to
bovine milk, it is justifiable to consider goat
and sheep milk to be natural functional milks
(Assis et al., 2016).

Goat and sheep milk

Goats and sheeps seem to be the earliest
domesticated animals and, due to their
inherent nature, they have been raised usually
in small herds maintained by individuals
either as a source of income or as a hobby.
They have been raised for milk for thousands
of years and were milked even before cows.
Nevertheless, as pointed out in the literature,
goats have provided important sustenance,
self-sufficiency, and survival for people and
countries during economically difficult times.
Although the goat nickname “cow of the poor
man” still persists in some countries, there is a
new consensus in the world that dairy goats
provide foods not only for starving and poor
people but also for prosperous periods and
affluent people (Haenlein, 1996).

Nearly 60% of the world’s goats are found in
Asia, with China, India, Pakistan and

Bangladesh having the highest populations.
Although most income from global goat
production comes from meat sales, there has
been a simultaneous increase in goat milk
production and consumption. Total global
goat milk production was estimated at 18.7
million tonnes in 2017. It increased 62% from
1993 to 2013. From just 2007 to 2017,
production increased by 16%. During the past
decade, Asia has seen the largest increase in
goat milk production by 22%, followed by
Africa 13%, Oceania 9%, Americas 5%, and
Europe 4% (Bath and Christopher, 2019).

Sheep and goat milk represented only 1.3 and
1.9%, respectively, of the world's total milk
production in 2018. According to the FAO
(2018) world total goat milk production was
15.26 million metric tons per annum, while
Sheep Milk Production was 10.37 million
metric tons per annum. The top producers of
goat milk in 2018 were India (5.75 million
metric tons), 25 percent of global goat milk
production and 3.5 percent of national milk
production. Top producers of Sheep milk
were China (1.54 million metric tons),
followed by Turkey and Greece (1.10 and 0.7
million metric tons) and other Mediterranean
countries (Statista, 2020).

Dairy goat generally produce between about
1100 kg of milk in 280 days lactation period,
while sheep produce about 350 kg in 245 days
lactation period which much lower as
compared to dairy cows with 8500 kg in 305
days lactation period (British Dairy Sheep
Association, 2006).

Growing health awareness is a driving force
to look for food products that have a
beneficial effect on human body. Goat milk is
as close to a perfect food as possible in nature
and its chemical structure is amazingly
similar to mother's milk. For this reason, in
some countries it is used as the basis for the
development of infant formula in place of
cow milk.
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Chemical composition

Goat and sheep milk is white in colour as
compared to cow milk, which is yellowish
due to the presence of carotene and goats
convert all carotene into Vitamin A in the
milk, hence is higher in content compared to
cow milk and comparable to human milk
content of Vitamin A. Goat milk has a
stronger flavour than sheep milk, which is due
to liberation of short chain fatty acids which
imparts goaty smell. Unlike cow milk, which
is slight acidic, goat milk is alkaline in nature,
which is very useful for people with acidity
problems. This alkalinity is due to the higher
protein content and different arrangement of
phosphates.

The high nutritive value of goat and sheep
milk is associated with its chemical
composition. As evident from the Table 1 the
chemical composition of goat milk is similar
to cow milk with the main difference in
protein and fat structure while sheep milk has
higher fat, protein and lactose content.

The differences in gross composition of goat
and sheep milk make the rennet coagulation
time for sheep milk shorter and the curd
firmer owing to the differences in the casein
composition and content (Tamime et al.,
2011).

Functional ingredients: Milk protein

The richest source of functional milk
components is protein. In human nutrition, it
mainly serves the nutritional function as it
provides non-essential amino acids and
nitrogen for the synthesis of body proteins
and amino acids (Haenlein, 2002). Goat milk
proteins have a high value because they
contain all non-essential amino acids. The
content of non-essential amino acids varies
according to the protein fraction. Whey
proteins are rich mainly in lysine, threonine,

isoleucine and valine. Alpha- lactoalbumin,
with the highest biological value, has
relatively large amounts of cystine and
tryptophan.

Casein in milk occurs as the precursor of
caseinogen. It is a complex heterogeneous
protein. The main fractions are as;, asy, p and
k-casein. The proportion of casein in milk is
estimated to be about 2.12% and constitutes
75-85% of all proteins. It was that about 60%
of allergic reactions in humans are caused by
the principal milk protein and lactoglobulin.
The most allergenic is the casein fraction aS1,
the content of which in goat milk is very
small unlike in cow milk, in which it forms
about 33% of all caseins.

About 100 g of total casein contains 5.6 g of
the ags; fraction in goat milk compared to 38 ¢
in cow milk. For this reason children with
protein intolerance cannot consume cow milk
due to the risk of allergic disorders. Small
amounts of the ag; casein fraction and the
small size of casein micelles cause goat milk
to be rapidly digested by proteolytic enzymes
of the stomach, as a result of which goat milk
is also recommended for people with
gastrointestinal problems, especially
ulcerations (Krzyzewski et al., 2002).

k- Casein was also shown to have
antithrombotic properties as it inhibits platelet
and serotonin secretion. Many bioactive
peptides, released during enzymatic digestion,
were identified in sequences of casein
(Bernacka, 2005).

In studies with rats, which had malabsorption
syndromes, it was found that goat milk
improved the intestinal absorption of copper,
which was attributed to the higher contents of
cysteine (derived from cystine) in goat milk
(83 mg/100 g) than in cow milk (28 mg/100
g) (Barrionuevo et al., 2002).
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The genetic polymorphism that occurs in the
proteins between the different species is what
clarifies the potential use of goat's milk as a
substitute to cow’s milk when allergic disease
is present. It has been reported that 40-100%
of allergic patients, sensitive to cow’s milk
proteins, are able to tolerate goat’s milk
proteins (Ballabio et al.,, 2011, Haenlein,
2004) (Table 2-4).

Average amino acid composition of goat and
cow milk (Table 8) shows higher levels of 6
of the 10 essential amino acids: threonine,
isoleucine, lysine, cystine, tyrosine, valine in
goat milk. Their comparative metabolic
effects have not been studied much in goat
milk, but this could aid in the interpretation of
some of the empirical beneficial effects of
goat milk in human nutrition.

The higher digestibility and absorption of
goat milk is mainly associated with the
content of whey proteins. Whey proteins
account for 0.6-0.7% of milk and show
beneficial  nutritive, physiological and
functional properties. Unlike casein, they
contain no phosphorus and are characterized
by a high content of sulfur amino acids,
mainly methionine and cystine. About 75% of
all milk whey proteins are albumins, which
include a-lactoalbumins and a-lactoglobulins,
a rich source of bioactive peptides with extra
physiological activity. Other whey proteins
are lactoferrin, lactoperoxidase,
immunoglobulins, glycomacropeptide, and
various growth factors.

One of the functional components of goat
milk is alpha-lactalbumin (o-La). Forming
about 21% of all proteins, it serves different
functions in the body: it is a calcium carrier
and it can bind other metals such as
magnesium, cobalt and zinc. In addition, it
acts as an immune factor (which is
particularly important in infant feeding) and
has an anti-cancer effect.

Another whey protein with functional

properties is beta-lactoglobulin (B-Lg). It
forms the largest part of all whey proteins in
milk (54%). Because of a high methionine
content, a- LG provides protection against
cancer development. It is a carrier of retinol,
which is essential for the normal development
of infants and for the vision process. Other
functions performed by beta-lactoglobulin in
the body are the ability to bind fatty acids, as
well as antioxidant properties (by binding Cu
and Fe ions, it inhibits the oxidation of milk
fat). It must be remembered, however, that
beta-lactoglobulin is an antigenic protein and
can therefore induce allergy (this protein is
not found in a woman’s milk).

Lactoferrins (Lf) are a group of biologically
active milk proteins with  functional
properties. Lactoferrin shows a high affinity
to Fe, especially one of the forms known as
hololactoferrin. It is characterized by high
thermal stability in both acid and neutral
environments. It also takes part in the
transport of Ca, Cu, Mn, Zn and Al. Because
of its antioxidant properties, it prevents the
formation of free radicals. As an immune
factor, it stimulates the immune system, and
has anti-inflammatory and bacteriostatic
properties. It is an anticancer agent that
inhibits the binding of neoplastic growth
factors, thus preventing the development of
cancer and inhibiting the development of
Alzheimer disease (Mohamed and Mohamed
2011, Francesco et al., 2016).

Functional ingredients: Milk fat

The quality and nutritive value of animal
products is subject to constant evaluation and
review, if only due to the high proportion and
unfavorable composition of animal fats,
mainly the high proportion of saturated acids
and the insufficient proportion of unsaturated
acids, especially essential unsaturated fatty
acids (EUFA). According to FAO
recommendations, with the desired 30%
proportion of fat energy in total energy of the
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human diet, one-third of this energy should be
from saturated fatty acids (SFA), over one-
third from monounsaturated fatty acids
(MUFA), and less than one-third from
polyunsaturated fatty acids (PUFA) (Jelinska
M., 2005).

Levels of the metabolically valuable short and
medium chain fatty acids, caproic (C6:0)
(2.9%, 2.4%, 1.6%), caprylic (C8:0) (2.6%,
2.7%, 1.3%), capric (C10:0) (7.8%, 10.0%,
3.0%), and lauric (C12:0) (4.4%, 5.0%, 3.1%)
are significantly higher in sheep and goat than
in cow milk (Park et. al., 2007).

Goat milk exceeds cow milk in
monounsaturated (MUFA), polyunsaturated
fatty acids (PUFA), and medium chain
triglycerides (MCT) (Table 5), which all are
known to be beneficial for human health,
especially for cardiovascular conditions and
has great potential in justifying the
uniqueness of goat milk in human nutrition
and medicine (Haenlein, 1992) for treating the
various  gastro-intestinal  disorders and
diseases, besides its value in alleviating cow
milk allergies.

Excessive consumption of SFA causes a
number of metabolic disorders, resulting in
many  diseases  such as obesity,
atherosclerosis, cholelithiasis, diabetes, and
cancer, especially cancer of the colon and
prostate cancer. Of the long-chain fatty acids
in milk, PUFA are the most valuable for
consumers because of their anticancer,
antiatherosclerotic, hypotensive, antibacterial
and immune-boosting properties. Of great
significance are families of PUFA acids:
linoleic C18:2, n-6 and a-linolenic C18:3, n-
3.

None of these acids is synthesized in the
human body, although they can be converted
within  families. Their metabolites are
precursors of eicosanoids: prostaglandins,

thromboxanes and leukotrienes, the hormones
that serve many regulatory functions in the
body (Reklewska et al., 2002).

The quality of fat is largely determined by the
content of individual fatty acids. The profile
of fatty acids is more beneficial in goat milk
compared to sheep and bovine milk because
of the UFA/SFA ratio of 0.56 vs. 0.37.
Average goat milk fat differs in contents of its
fatty acids significantly from average cow
milk fat (Jenness, 1980), being much higher
in butyric (C4:0), caproic (C6:0), caprylic
(C8:0), capric (C10:0), lauric (C12:0),
myristic (C14:0), palmitic (C16:0), linoleic
(C18:2), but lower in stearic (C18:0), and
oleic acid (C18:1). Three of the MCT (C6-
C10) have actually been named after goats,
because of their predominance in goat milk.

Capric, caprylic acids and MCT have become
established medical treatments for an array of
clinical disorders, including malabsorption
syndromes, chyluria, steatorrhea, hyper-
lipoproteinemia, intestinal resection,
premature infant feeding, non-thriftiness of
children, infant malnutrition, epilepsy, cystic
fibrosis, coronary by-pass, and gallstones,
because of their unique metabolic ability to
provide direct energy instead of being
deposited in adipose tissues, and because of
their actions of lowering serum cholesterol,
inhibiting and limiting cholesterol deposition
(Alferez et al., 2001).

Goat milk (100 g) contains about 25 mg of
Conjugated linoleic acid (CLA), which is also
known as rumenic acid, and is formed as a
result of enzymatic reactions by Butyrivibrio
fibrisolvens symbiotic bacteria found in the
rumen of ruminants. Mono-gastric animals
are less capable of producing CLA (Jahreis et
al., 1996).

Research on the role of conjugated dienes of
linoleic acid showed that they inhibit the
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incidence and growth of cancer in animals
and humans, among others by preventing the
proliferation of malignant melanoma, and
colon, lung and breast cancer. CLA was also
shown to prevent osteoporosis and
atherosclerosis, to increase immunity and to
reduce fatty tissue. The conjugated diene of
linoleic acid is undoubtedly a functional
component of goat milk fat (Basu et al., 2000,
Ip et al., 1999, Cossignani et al., 2014).

Another important component of the human
diet in addition to conjugated linoleic acid is
the cholesterol content of food products.
Current recommendations suggest that daily
consumption of cholesterol should not exceed
300 mg. Research (Alferez et al.,, 2001,
Haenlein, 2004) has shown that 100 ml of
goat milk contains from 12 to 17 mg of
cholesterol, which is almost half of that in
sheep milk (Table 6). Although it has various
positive roles in the body by contributing to
the formation of hormones, bile acids, vitamin
D3 and other compounds, cholesterol may be
hazardous to the health and even life of
humans as it often causes the atherosclerosis
of vital arteries. Cholesterol found in dairy
products is fairly resistant to auto-oxidation
processes, which is due, among others, to the
low content of Fe and Cu that act as pro-
oxidants and to the saturated fatty acid
environment. Total concentration in the blood
largely depends on the content of some
saturated fatty acids, as evidenced by positive
correlations between these milk components
(Haenlein, 2006).

Carbohydrates

The major carbohydrate of milk is termed as
lactose and is found in varying concentrations
in the milk of all mammals except for seals.
Lactose is a valuable nutrient, because it
favors intestinal absorption of calcium,
magnesium and phosphorus, and the
utilization of Vitamin D. Lactose is of major

importance  for  maintaining  osmotic
equilibrium between the blood stream and the
alveolar cells of the mammary gland during
milk synthesis, and secretion into the alveolar
lumen and the duct system of the udder.

Compared to cow milk, lactose contents in
goat milk are at about the same level but
sheep milk contains about 1 percent more
lactose than cow milk and goat milk. Protein
and fat levels in sheep milk are much higher
which makes sheep milk lactose less in
proportion to their total solids compared to
cow and goat milk total solids. Individuals
with intolerance to milk sugar can tolerate
goat and sheep milk because it is easier to
digest.

Carbohydrates other than lactose found in
sheep and goat milk are oligosaccharides,
glycopeptides, glycoproteins, and nucleotide
sugars in small amount; however they are
more compared to cow milk. Milk
oligosaccharides have considerable antigenic
properties and are valuable in growth
promotion of the intestinal flora of the
newborn. Goat milk has oligosaccharides with
a composition similar to that of human milk.
These compounds reach the large intestine
undigested and act as prebiotics.

Nucleotide sugars in milk are of particular
interest, since they are the glycosyl donors for
glycosyl transferase in milk and mammary
gland, and are the precursors of glycoproteins,
glycolipids, and oligosaccharides in the
biosynthesis of milk. Goats have a remarkably
high nucleotide content of about 154
pmol/100 ml in normal milk, followed by
sheep (93 umol/100 ml), and cow milk (68
umol/100 ml). Colostrum, however had 271
umol/100 ml for goats, 499 umol/100 ml for
sheep, and 58 umol/100 ml for cows,
respectively, while human milk contained low
levels at 5 umol/100 ml in normal milk and 6
umol/100 ml in colostrums (Johke, 1974).
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Minerals and vitamins

Functional components of goat milk also
include minerals (Table 7). In terms of
mineral composition, goat milk surpasses cow
milk in the content of calcium, phosphorus
and potassium. The mineral content of goat
milk is 3 to 4 times that of woman’s milk,
which is a considerable burden on kidneys in
infants. For this reason, it is recommended
that goat milk be given to infants (preferably
over 6 months of age) after dilution and
supplementation of missing components (Park
et. al., 2007).

Milk is the first food and contains a rich array
of vitamins necessary for normal growth of
young organisms. The most important are fat-
soluble vitamins A  (axerophtol), D
(calcipherol), E (tocopherol) and K
(menaquinones, phylloquinone) and water-
soluble vitamins Bl (thiamine), B2
(riboflavin), B6 (pyridoxine), PP (nicotinic
acid, niacin), B12 (cobalamine), pantothenic
acid, C (ascorbic acid) and H (biotin). After
precipitation of milk proteins, water-soluble
vitamins mostly pass into whey. Comparative
studies of goat and cow milk suggest that both
types of milk contain similar amounts of
vitamins B6 and pantothenic acid. The
concentration of both water-soluble and fat-
soluble vitamins are more in sheep’s milk
compared to goat’s and cow’s milk and the
retinol activity of sheep’s milk is twice that of
goat’s milk may due to higher fat content.
(Tamime, 1996)

Goat milk is higher in niacin, vitamins A and
C (tab. 6). Orotic acid (vitamin B13) takes
part in conversion of folic acid and vitamin
B12, reduces cholesterol concentration in the
blood, has detoxifying and antiarthritic action
(reduces the concentration of uric acid in the
blood), prevents over-fatness of tissues,
increases body weight gains through muscle
mass gain and growth of connective tissue, as

well as protecting parenchymatous organs
(liver, Kkidneys) and the heart from
degeneration, cirrhosis and steatosis. Orotic
acids are found in all organs, mainly the liver,
spleen and heart, with considerable amounts
found in milk. Vitamin B13 acid content in
the milk of sheep is highest and amounts to
350-450 mg/l, 100 mg/l of bovine milk, 63
mg/l of goat milk and 7 mg/l human milk
(Milewski, 2006). The information presented
on the pro-health properties of goat milk
suggest paying more attention to this product.
Increased consumption of milk and its
products can be one of the most effective,
while the cheapest, components in the
prevention of lifestyle diseases: hypertension,
atherosclerosis, obesity, diabetes and cancer.

The Se availability of human milk (11.1%)
was significantly higher compared to that of
cow (6.8%), goat (6.2%) and sheep milk
(<2%). Further study suggested that the Se
availability may be related to the gastric
digestibility of protein. The high Se
availability of human milk might be attributed
to the high gastric digestibility of human milk
protein. It was found that removal of the milk
fat fraction increases Se availability (Lihua et
al., 1996).

Regular consumption of goat milk by anemic
patients improves their recovery because it
enhances the nutritional use of iron and
enhances the regeneration of hemoglobin,
which means goat milk minimizes calcium
and iron interactions. Conversely, it protects
DNA stability, even in cases of iron overload
caused by prolonged treatments with this
mineral to treat anemia.

Goats are much more flexible and limber than
cows. The reason for this is that goats are a
bioorganic sodium animal, while cows are a
calcium animal.
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Table.1 Chemical composition of ruminant and human milk*

Components Cow Sheep Goat Human

Solids 12.3 18.2 13.2 12.4
Fat 3.4 7.1 4.0 3.8
Total Protein: 3.2 5.7 3.6 1.2

Casein 2.5 4.6 2.9 0.4
Whey Proteins 0.65 1.08 0.61 0.7
Lactose 4.6 54 4.5 7.0
Minerals 0.7 0.9 0.8 0.2
Energy (kcal/100g) 66 97 70 63

*Kon and Cowie (1961), Posati and Orr (1976), Alichanidis and Polychroniadou (1996)

Table.2 Content and Composition of casein in ruminant milk*

Casein fractions Goat Sheep Cow
Percent of total casein

aS1 5 16 38
aS2 25 15 10

B 50-64 39-47 33-39
K 10-20 7-10 11-13
Others 25 4.8 6.2

Content in milk (%)

aS1 0.12 0.69 0.92
aS2 0.53 0.55 0.21
B 1.29 1.72 0.91
K 0.31 0.36 0.25
Others 0.07 0.27 0.15
Total 2.12 3.59 2.44

* Belloni-Businco et al., (1999), Squergin et. al., (1997), Tamime et al., (2011)

Table.3 Composition and content of whey proteins in total whey proteins and skimmed milk*

Whey protein fractions Cow Goat Sheep
Percent of total whey proteins
a- lactalbumin 16.2 21.4 10.8
B- lactoglobulin 59.3 54.2 61.1
Lactoferrin 9.5 12.8 8.1
Immunoglobulins 15.0 115 20.0
Content in skimmed milk (%)
a- lactalbumin 0.11 0.13 0.12
B- lactoglobulin 0.38 0.33 0.66
Lactoferrin 0.06 0.08 0.09
Immunoglobulins 0.10 0.07 0.21
Total 0.65 0.61 1.08

* Belloni-Businco et al., (1999), Squergin et al., (1997)
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Table.4 Average lipid composition of milk (100 g) of 4 species *

Fatty Acids Sheep Goats Cows Human
Saturated FA, ¢ 4.60 2.67 2.08 2.01
C4:0, 9 0.20 0.13 0.11 0.01
C6:0, 9 0.14 0.09 0.06 0.01
C8:0,9 0.14 0.10 0.04 0.01
C10:0, 9 0.40 0.26 0.08 0.05
C12:0,9 0.24 0.12 0.09 0.25
C14:0,9 0.66 0.32 0.34 0.31

MCT total

(C6-C14),9 0.58 0.89 0.61 0.64
C16:0, 9 1.62 0.91 0.88 0.92
C18:0,9 0.90 0.44 0.40 0.29
Monounsat. FA, g 1.72 1.11 0.96 1.66
C16:1,9 0.13 0.08 0.08 0.13
C18:1,¢9 1.56 0.98 0.84 1.48
C20:1, g - - trace 0.04
C22:1,¢ - - trace trace
Polyunsat. FA, g 0.31 0.15 0.12 0.50
C18:2,¢9 0.18 0.11 0.08 0.37
C18:3,9 0.13 0.04 0.05 0.05
C18:4, ¢ - - - trace
C20:4, g - - trace 0.03
C20:5, ¢ - - trace trace
C22:5,¢ - - trace trace
C22:6,9 - - trace trace

*Kon and Cowie (1961), Posati and Orr (1976), Renner (1982)

Table.5 Fatty acid profile (%) of milk fat ruminants*

Species SFA UFA MUFA PUFA UFA/SFA MUFA/FUFA
Sheep’s 65.60 34.40 27.10 7.30 0.52 3.71
Cow’s 72.80 27.20 22.70 5.20 0.37 4.36
Goat’s 64.50 35.50 29.93 5.57 0.55 5.34

*Jenness (1980)

Table.6 Cholesterol content of ruminant and human milk*

Species Cholesterol (mg/100ml)
Goat 12-14

Sheep 26-29
Cow 13-14

Human 14-16

*Park and Haenlein (2006)
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Table.7 Mineral and Vitamin contents (amount in 100g) of ruminant and human milk*

Constituents Milk
Goat Sheep Cow Human
Minerals (mQ)
Ca 134 193 122 33
P 121 158 119 43
Mg 16 18 12 4
K 181 136 152 55
Na 58 44 41 15
Cl 150 160 100 60
S 28 29 32 14
Fe 0.07 0.08 0.08 0.20
Cu 0.05 0.04 0.06 0.06
Mn 0.032 0.007 0.02 0.07
Zn 0.56 0.57 0.53 0.38
Vitamins
Vitamin A (1U) 185 146 126 190
Vitamin D (1U) 2.3 0.18ug 2.0 1.4
Thiamine (mg) 0.068 0.08 0.045 0.017
Riboflavin (mg) 0.21 0.376 0.16 0.02
Niacin (mg) 0.27 0.416 0.08 0.17
Panthothenic acid = 0.31 0.408 0.32 0.20
(mg)
Vitamin B6 (mg)  0.046 0.08 0.042 0.011
Folic acid (ng) 1.0 5.0 5.0 55
Biotyn (pg) 15 0.93 2.0 0.4
Vitamin B12 0.065 0.712 0.357 0.03
Vitamin C 1.29 4.16 0.94 5.00

*Alichanidis and Polychroniadou (1996)
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Table.8 Amino acid composition of goat, sheep, cow and human milk (per 100 g)*

Sheep Goats Cows Human
Essential amino acids:
Arginine, g 0.198 0.119 0.119 0.043
Histidine, g 0.167 0.089 0.089 0.023
Isoleucine, g 0.338 0.207 0.199 0.056
Leucine, g 0.587 0.314 0.322 0.095
Lysine, g 0.513 0.290 0.261 0.068
Methionine, g 0.155 0.080 0.083 0.021
Phenylalanine, g 0.284 0.155 0.159 0.046
Threonine, g 0.268 0.163 0.149 0.046
Tryptophan, g 0.084 0.044 0.046 0.017
Valine, g 0.448 0.240 0.220 0.063
Non-essential amino acids
Alanine, g 0.269 0.118 0.113 0.036
Aspartic acid, g 0.328 0.210 0.250 0.082
Cystine, g 0.035 0.046 0.030 0.019
Glutamic acid, g 1.019 0.626 0.689 0.168
Glycine, g 0.041 0.050 0.070 0.026
Proline, g - 0.368 0.319 0.082
Sering, ¢ 0.492 0.181 0.179 0.043
Tyrosine, g 0.281 0.179 0.159 0.053

*Posati and Orr (1976)

Bioorganic sodium is known in Naturopathic
Medicine as the youth element. Arthritis does
not come with old age. It is a lack of this
essential mineral that brings on the symptoms
of old age. The highest sources of bioorganic
sodium are found in goat milk and sweet goat
whey.

Goat milk is rich in calcium and phosphorus,
which is highly bioavailable and favors their
deposition in the organic matrix of bone,
leading to an improvement in bone formation
parameters. It also has more zinc and
selenium, which are essential micronutrients
contributing to the antioxidant defense and for
the prevention of neurodegenerative diseases
(Sreeraman, 2011).

Nutritional and medical aspects

The nutritional advantage of goat milk over
sheep milk actually comes not from its
protein, mineral or vitamin differences, but
from the lipids, or more specifically the fatty
acids within the lipids (Babayan, 1981). The
fat of goat milk is more digestible than that of
cow milk because the fat globules of goat
milk are smaller and have a greater area, and
lipases in the gut are supposedly able to attack
the lipids more rapidly. However, almost 20%
of the fatty acids of goat milk fall into the
short-chain fatty acids category (C4:0 to
C12:0) compared with 10-20% for cow milk.
Lipases attack the ester linkages of the
shorter-chain fatty acids more readily, so
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these differences may contribute to more
rapid digestion of goat milk fat (Jenness,
1980). The proteins in goat milk are digested
more readily and their constituent amino acids
absorbed more efficiently than those of cow
milk (Boulanger et al., 1984).

Goat milk is very useful for people suffering
from problems such as acidity, eczema,
asthma, migraine, colitis, stomach ulcer,
digestive disorder, liver and gallbladder
diseases and stress-related symptoms such as
insomnia,  constipation and  neurotic
indigestion (Babayan, 1981). These patients
may in future turn more to goat milk and its
products to solve their problems.

Caproic, caprylic, capric and other medium-
chain fatty acids have been used for the
treatment of malabsorption  syndromes,
intestinal ~ disorders, coronary diseases,
premature infant nutrition, cystic fibrosis and
gallstone problems because of their unique
metabolic ability to provide energy while at
the same time lowering, inhibiting and
dissolving cholesterol deposits (Greenberger

and  Skillman, 1969; Kalser, 1971;
Tantibhadhyangkul and Hashim, 1975;
Tantibhadhyangkul and Hashim, 1978;

Haenlein, 1992). Goat milk is recognized for
its superior nutritional quality, and is an
important source of milk constituents for
individuals suffering from an allergy to cow
milk (Gupta and Mathur, 1991).

Biological and Immunological aspects

The biological value and digestibility
coefficient of goat milk casein were found to
be 89.29 and 92.42, respectively (Kumar et
al., 1986). Goat milk is easier to digest
because of its natural homogenization, which
is superior to the mechanical homogenization
of cow milk. This is because it takes
approximately 20% less time to digest goat
milk as the size of its fat globules varies from

0.1 to 10 microns, with the greater proportion
being less than 2 microns, while the reverse is
true in cow milk (Cornell and Pallansch,
1966; Saini and Gill, 1991). This in turn
indicates, and may explain, the significant
differences in the ability to digest cow milk
shown by infants and other patients (Mack,
1953).

There is extensive immunological cross-
reaction of cow and goat milk proteins. The
non-allergenic properties of goat milk are due
to the fact that most of the milk proteins are
unable to pass through the walls of the
digestive tract in their original, undigested,
allergenic states (Saini and Gill, 1991). The
immunological behaviour of the f-Lg of goat
and sheep milk suggests that the differences
in amino acid composition do not affect the
anti-genitally active sites of these molecules
(Johke et al., 1964, Bell et al., 1968).
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