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Abstract One humped camel (Camelus dromedarius) breeds, indigenous to India, have been shown to have good genetic
potential to produce milk. Camel milk not only is cost-effective in terms of feed conversion but also has additional
advantage of longer lactation period and unique adaptation mechanisms for warm arid and semiarid regions. The key
features of camel milk in comparison with other milk are low fat with high content of unsaturated and long-chain fatty acid.
The proteins are rich in lactoferrin and lysozymes, but deficient in B-lactoglobulin. It has higher percentage of total salts,
free calcium, protective proteins and vitamin C, and some of the microminerals, viz iron, copper and zinc. Physicochemical
properties of camel milk are also unique and useful for food processing. The shelf life of raw camel milk is 8-9 h, which
can be extended up to 18-20 h through activation of camel lactoperoxidase system. Heat stability of camel milk is shown
to be highest at pH 6.8, and it ferments relatively slowly compared to the cattle milk. The camel milk is successfully
processed for producing a variety of products, such as fermented milk (‘lassi’), soft cheese, flavored milk and ‘kulfee’ (a
kind of ice cream). Camel milk has been traditionally used in different regions of the world as natural adjuvant for
managing a variety of human diseases.

Keywords Camel milk - Proteins - Lactose intolerance - B-Lactoglobulin - Insulin - Medicinal properties -
Bioactive peptides - Nutraceuticals - Shelf life

Introduction

The global camel population, spread across 47 countries, is
estimated to be around 26.99 million. About 83 percent of
the camel population inhabits mainly the Eastern and
Northern Africa and the rest are present in the Indian sub-
continent and Middle East. Somalia has the highest popu-
lation of 7.10 million. India stands tenth in the world with
0.38 million camels [33]. In last five decades, the world’s
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camel population increased by about twofold as a result of
nearly threefold increase in the Africa region, while it
recorded a decreasing trend in the Asian region including
India (Table 1). This might be due to declining trend in the
use of camel in agricultural and transport works and less
demand of camel milk and other products in these countries.
One important reason of increasing camel population in
African region is the demand of camel milk and meat.

In India, camels are mainly confined to the States of
Rajasthan (81.4%), Gujarat (7.6%), Haryana (4.7%), Bihar
(2.2%) and Uttar Pradesh (2.0%) [19]. Major reduction in
the camel population has been during the last two decades
when it reduced from 0.9 to 0.4 million (Table 2). The
main reasons for the continuous decline in camel popula-
tion in India are significant reduction in the traditional use
of camels for draft purpose, transport of goods, use in
agricultural operation and the shrinkage of rangelands.
Other causes for decline in the camel population are the

@ Springer


http://crossmark.crossref.org/dialog/?doi=10.1007/s40003-017-0284-4&amp;domain=pdf
http://crossmark.crossref.org/dialog/?doi=10.1007/s40003-017-0284-4&amp;domain=pdf

328

Agric Res (December 2017) 6(4):327-340

Table 1 Periodical change in camel population of major regions of
the world (1961-2013)

Year Camel population (Million)
World Africa region Asia region (India)

1961 12.93 8.63 4.02 (0.9)

1971 16.82 12.41 4.17 (1.1)

1981 18.41 14.00 4.17 (1.08)

1991 19.32 14.73 4.33 (1.03)

2001 20.78 17.11 3.66 (0.63)

2013 26.99 23.00 3.98 (0.4)

Source FAOSTAT (2015) [33]

Table 2 Percent change in Indian camel population (1961-2012)

Year Population (Million) Percent change
1961 0.90 -

1966 1.00 (+) 11.11
1972 1.10 (+) 10.0
1977 1.10 -

1982 1.08 (—) 1.82
1987 1.00 (+) 7.41
1992 1.03 +3.00
1997 0.91 (=) 11.65
2003 0.63 (=) 30.77
2007 0.52 (=) 17.50
2012 0.40 (=) 22.63

Source DAHDF (2014) [19]

increasing trend in adoption of intensive agricultural
practices for cash crops due to the availability of canal
water in the Thar Desert in the recent past and emergence
of new camel diseases, such as camel pox, due to change in
the climatic conditions mainly rise in humidity [23].

It has been reported that under very harsh conditions of
desert ecosystem, camels have the capability to produce
more milk than any other species and having longer lacta-
tion period [37], while their feed requirements are modest.
Compared to cattle milk, camel milk has lower percentage
of fat, total protein and total solids, while having higher
percentage of total salts and protective proteins
[16, 59, 92, 114]. Fresh and fermented camel milks have
been used in different regions of the world as a treatment for
several diseases.

In India, camel milk is mainly consumed in raw state by
the camel rearing societies. However, in recent years, there
is a growing tendency among the pastoralist maintaining
small- and medium-sized herd to market camel milk in
some parts of Rajasthan and Gujarat states [93].

Camel milk has been recognized for its extraordinary
medicinal properties. It is known to have a therapeutic
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potential against many diseases including cancer [42]. It
has long been utilized for its beneficial effect in broad
range of disease conditions, such as insulin-dependent
diabetes mellitus (IDDM) [6], infant diarrhea [121],
hepatitis [24, 30], allergy [105], lactose intolerance [28],
autism [104] and alcohol-induced liver damage [8]. Its
benefits can be attributed to the presence of many
immunologically important molecules such as lysozymes,
lactoferrin and lactoperoxidase. It contains extraordinarily
high levels of insulin-like molecule [6]. Moreover, camel
milk has been reported to possess medicinal value against
various ailments such as dropsy, jaundice, spleen ailments,
tuberculosis, asthma, anemia, piles and food allergies
[44, 118]. It is shown that camel milk has a beneficial
action on chronic liver patients, in chronic fatigue and as a
supplement to mother’s milk [106]. Camel milk is
characterized by a relatively powerful protector system
compared to milk of other species [71]. The aim of this
paper is to review the current knowledge on camel milk
production potential, properties and various camel milk
products developed at global level.

Milk Production Potential of Camel Breeds

The annual world production of camel milk is estimated to
be 2.9 million tonnes. Somalia is top producer with 1.1
million tonnes followed by Kenya, Mali, Ethiopia Saudi
Arabia, Niger, Sudan, UAE, Mauritania and Chad. The
total world camel milk production increased by 4.6 times
from 629 to 2928 thousand tonnes between 1961 and 2013,
mainly due to increase in the production in Africa (Fig. 1).
Similarly, it increased to 4.8 times of total African coun-
tries, while it is recorded 3.2 times in Asia due to increase
in camel population [33]. The overall camel milk produc-
tion in Asia also increased from 65 to 205 thousand tonnes
although there was a decline in the camel population in the
region (Table 1).

The highest camel milk yield per animal is recorded to
be 971 kg in Ethiopia followed by camels of Kenya,
Qatar, Saudi Arabia, Niger, Somalia, Eritrea, Tunisia,
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Fig. 2 Productivity per camel in different counties

Afghanistan and Mali [33]. The camel milk yield per ani-
mal of top ten countries at global level is presented in
Fig. 2. The East African camel breeds such as Rendille,
Somali, Turkana and Gabbra are better milk producers
compared to the West Asian and North African camel
breeds [60].

The Indian main camel breeds, viz. Bikaneri, Jaisalmeri,
Kachhchi and Mewari, are shown to produce
3105-4190 kg milk per lactation at the rate varying from
3.8 to 10.8 kg/day [71]. The lactation period in the Indian
camels can last up to 14-16 months depending upon the
time of weaning of the newborn. The average daily milk
production by 2 and 4 teat stripping is highest during the
6th month of lactation and with machine milking during the
4th month of lactation. Milking by all three methods
indicated morning production to be 12-27% higher over
the evening production, and various factors such as month
of lactation, parity, breed and method of milking affect
daily milk production [79, 97, 98]. India ranks 7th in the
world in camel milk production, producing around 23.08
thousand tons annually [78].

Camel Milk Properties
Physicochemical Properties

Camel milk is opaque white in color, with normal milky
odor and salty sweet in taste [21, 92], which mainly
depends on the type of fodder or vegetation available in
grazing area [58]. The average density of camel milk is
1.029 g cm ™ [67]. The viscosity of camel milk at 20 °C is
1.72-mPa s, whereas the viscosity of bovine milk at the
same dry matter content and under same conditions is 2.04-
mPa s [58]. The pH of fresh camel milk ranges from 6.4 to
6.7 and it is similar to that of sheep milk, but slightly lower
than bovine milk. The freezing point of camel milk is
between —0.57 °C and —0.61 °C and it has a calorific
value of 665 kcal/L compared to 701 kcal/L for cow milk
[116]. The difference in calorific value may be attributed
with variation in lactose, fat and protein contents as camel
milk has comparatively low total milk solids. The water

content in camel milk varies from 87 to 90%. An inverse
relationship was found between total solids in camel milk
and water intake by camel [43].

Shelf Life

Shelf life of raw camel milk is 8-9 h at 37 °C and more
than a week at 4-6 °C. Lactoperoxidase system in fresh
camel milk was activated within half an hr of the milking
using various levels of thiocyanate and hydrogen peroxide
(10-70:10-70 ppm ratios) and efficacy was evaluated. The
best lowest activation level 20:20 is found to be effective in
preserving raw camel milk up to 18-20 h at 37 °C [88, 92].
The enzyme activity in raw camel milk is high and the
respective value in pasteurized milk is below the detection
limit [91, 92]. In another study, acidity and pH of the pure
fresh camel milk and milk diluted with water (1:1) stored at
room temperature were 0.12 £ 0.03, 6.42 £ 0.18 and
0.09 £ 0.02, 6.65 £ 0.22, respectively. Other parameters,
viz. clot on boiling, alcohol and alizarin alcohol tests, were
observed negative in fresh camel milk. The study indicated
that pure and milk diluted with water (1:1) can be stored for
8 and 10 h, respectively, at room temperature [70].

Postpartum changes in gross chemical composition of
camel milk showed an increase in fat from 0.10 to 3.78%,
while protein decreased from 17.62 to 2.66% after 27 days
of parturition [92]. The heat coagulation time (HCT) of
camel milk at different pH was recorded to evaluate its
suitability for further thermal processing and pH depen-
dence of heat-induced coagulation. At pH 6.0, the HCT
was observed lowest, while it was highest at pH 6.8. The
HCT of camel milk was stable between pH 7.2 to 7.6 [92].

Evaluation of microbiological quality of camel milk
indicated that camel milk can meet the international stan-
dards applied for cow milk. The total plate count also met
the EU regulation with less than 100, 000 cfu/ml [99]. The
camel milk was fermented using four different lactic starter
cultures, viz. dahi culture, dahi culture-1, yogurt mix cul-
ture and Lactobacillus acidophilus. It was observed that
rate of development of acidity is comparatively slow in
camel milk than in cattle milk for all the four lactic strains
[92].

Gross Chemical Composition

The composition of camel milk has been evaluated in
different parts of world including India with wide variation
in data [77, 85, 90, 108]. The mean values shown in
Table 3 of total solids (11.8%) of camel milk are slightly
lower than that reported in bovine milk (12.33%), whereas
the main components are relatively close to that of bovine
milk. Comparative low percentages of total solids and fat
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Table 3 Camel milk composition (gm %)

Country Protein Fat Lactose Ash Total solids Reference
China 3.45 4.15 4.55 0.7 8.90 [124]
East Africa 2.50 35 3.90 0.8 11.0 [46]
Egypt 3.19 5.22 5.00 0.8 14.50 [113]
India 2.30 2.30 4.05 0.85 9.500 [90]
Israel 4.9 39 5.00 0.63 13.80 [121]
Jordan 2.69 2.95 3.92 0.82 12.30 [43]
Kenya 3.11 3.15 5.24 0.8 12.20 [35]
Kenya 3.13 4.29 4.05 0.82 12.5 [117]
Libya 3.30 33 5.61 0.82 13.00 [41]
Morocco 3.36 2.74 4.19 0.86 11.10 [95]
Morocco 3.25 2.65 4.05 0.83 10.80 [62]
Pakistan 4.00 32 4.80 0.7 13.40 [1]
Pakistan 3.66 3.79 5.15 0.81 13.40 [109]
Saudi Arabia 2.68 3.31 4.67 0.8 11.30 [3]
Somalia 3.00 5.4 3.30 0.7 13.70 [47]
Sudan 3.50 3.26 3.60 0.67 11.00 [2]
Tunisia 2.81 1.2 5.40 0.99 9.60 [13]
Mean 3.26 3.29 4.55 0.78 11.80

SD +0.62 +0.91 +0.74 +0.09 +1.55

Table 4 Comparative analysis of milk protein and fat in different
Indian camel breeds

Parameters (gm %) Indian camel breeds

Bikaneri Jaisalmeri Kachchhi
Protein 3.61 4+ 0.03 3.37 £ 0.04 4.22 + 0.03
Fat 247 £ 0.16 2.99 £+ 0.20 1.95 £ 0.12

in camel milk have definite positive benefits of drinking
camel milk over cow milk.

However, variations observed in camel milk composi-
tion could be attributed to several factors such as analytical
measurement procedures, geographical locations, feeding
conditions and samples being taken from different breeds,
in addition to other factors including stage of lactation, age
and calving number [58]. Geographical origin and seasonal
variations are found to be the most effective factors in
camel milk composition.

Proteins

The average protein content of milk is recorded compara-
tively more in Kachchhi breed followed by Bikaneri and
Jaisalmeri breeds (Table 4). Similar trend was observed for
the casein content [39, 57]. Konuspayeva et al. [59]
reported total protein content of camel milk varying from

@ Springer

2.1 to 4.9 percent. Protein denaturation temperature for
rennet and acid whey are reported as 73.8 and 60.50 °C for
camel and 70.5 and 63.9 °C for cow [39]. Casein (CN) is
the major protein (1.63-2.76%) in camel milk and consti-
tutes about 52—-87% of the total proteins. The B-CN content
is higher than o-CN and B-CN, and o-CN constitutes about
65 and 21% of total casein, respectively, compared with 36
and 38% in bovine milk, respectively [55]. The k-casein
content of camel milk is about 3.47% of the total casein
compared with 13% in bovine milk [20]. This affects some
of the processing characteristics, heat treatment and enzy-
matic coagulation of casein micelles in camel milk.
Whey proteins constitute about 20-25% of the total
proteins and ranges from 0.63 to 0.80% of the milk
[58, 70, 77]. Four major whey protein fractions are present
in camel milk [34, 77]. Comparative studies indicate
marked difference in whey protein profiles of camel and
cow milk. The 18.5 kDa whey protein with the character-
istics of B-lactoglobulin though isolated from bovine, ovine
and caprine milk has not been reported in camel milk [34],
while ~23 kDa whey protein is expressed in camel milk
and is not present in cow milk [77]. Of the two major whey
proteins, o-lactalbumin is the main component in camel
milk, while B-lactoglobulin is deficient [67]. Other whey
proteins present in camel milk are serum albumin, lacto-
ferrin, immunoglobulins and peptidoglycan recognition
protein [56]. The ratio of whey protein to casein is higher
in camel milk than in cow milk. This may explain why the
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Table S Comparative analysis of camel milk according to geo- Table 6 Fatty acids concentration (gm %) of camel milk
graphical origins 3
Fatty Acid Reference number
Parameters (gm %)  Major geographical origins
Common name  Formula [35] [4] [41] [57]
East Africa North Africa  Western Asia
Butyric C 4.0 0.66 35 1.0 0.048
Protein 3.33 £ 0.52 3.21 £ 0.60 3.10 £ 0.62 Caproic C 6:0 0.33 2.1 _ 0.229
Capric C 10:0 0.90 2.1 0.1 0.110
1 ¢ 1 milk ; " h h ¢ 1k Lauric C 12:0 0.79 3.1 0.5 0.060
fr‘l’lag“ “fnb‘_’l_ Ca“;e mll ls_lio ter than t ati’ Cl"wdml © Myristic C 14:0 125 100 100 0206
. g vanai ltyl? Clam,e m _tc,ompOS‘EOg 1‘1: eir 3; \ e%en; Myristoleic C 14:1 1.1 170 15 0.066
Aef on gfec;lgrap d“:i Onﬁmtis lAlfS,recor Z vi]g fs n Aa,s Palmitic C 16:0 315 2660 315 0529
rica Toflowed by orth Alnca and Westerm ASId - p mitoleic C 1611 94 170 90 0403
(Table 5). .
Stearic C 18:0 12.50 7.86 140  0.151
Oleic C 18:1n9 19.1 29.0 25.0  0.495
Linoleic C 18:2n6¢ 3.4 32 3.0 0.047
Fats
Arachidic C 20:0 1.03 0.11 050  0.067

The fat content of camel milk is between 1.2 and 5.4% [60]
with an average of 3.29% (Table 3) which depends upon
level of nutrition, stage of lactation, breed, season, etc. [92].
Comparatively more fat content is observed in Jaisalmeri
breed followed by Bikaneri and Kachchhi breeds [73]. A
strong positive correlation is found between fat and protein
contents [43]. Fat content of camel milk was reported to
decrease from 4.3 to 1.1% in milk produced by thirsty camels
[121]. However, the fat globules of camel milk are smaller in
size but have highest fat digestibility than buffalo, followed
by cow and goat milks [112]. Camel milk fat has a lower
content of carotene as compared to bovine milk [76]. The
cholesterol contents in camel milk (5.64 + 3.18 mg/100 g,
SD) are not significantly lower than in cow milk
(8.51 £ 9.07 mg/100 g, SD). Fat content in cow milk is
higher and cholesterol/fat ratio is similar in the two species
(camel: 225 £+ 125 mg/100 g fat; cow 211 £ 142 mg/
100 g fat), while the serum cholesterol concentration is
significantly higher in cow (227.8 £ 60.5 mg/100 ml) than
in camel (106.4 £ 28.9 mg/100 ml) [38]. The storage sta-
bility of freeze-dried camel milk fat is more as compared to
cream. It is observed that the melting of fat in cream has low
melting temperature —12 ° C as compared to the pure fat at
—5 °C. This decrease in melting temperature could be due to
the effects of protein content in the cream [94].

Data presented in Table 6 indicate that higher content of
long-chain fatty acids (C14-C18) and lower content of
short-chain fatty acids (C4-C12) are present in camel milk
compared to cow milk [4, 43, 92]. Camel milk fat is
characterized by higher proportion of unsaturated [4, 43] as
well as long-chain fatty acids compared with other species.
Unsaturated FA in camel milk (65.02 g/100 g FA) is
highest followed by the cow milk (40.76 g/100 g), goat
milk (40.23 g/100 g) and 58.17 g/100 g human milk [114].
Generally, camel milk is considered as a rich source of

long-chain fatty acids (92-99%) and unsaturated fatty acids
that reduce human serum lipids and decreases the incidence
of lipid-related cardiovascular diseases (35-50%) [57].
Unsaturated fatty acids are inversely associated with dia-
betes risk [74]. Further, the conjugated linoleic acid plays
an important role in prevention and treatment of diabetes
[103].

Lactose

In all the mammals, lactose is main carbohydrate in milk.
The lactose content of camel milk ranges between 2.40 and
5.80% [60]. The variation would be because camels usually
graze on wide variation in arid plants and salty bushes
available in desert [58]. In meta-analysis, study of lactose
correlation with fat matter is found negative, while no
correlation between total protein and lactose is observed
[60]. It remains almost unchanged over a season [43] and
under hydrated or dehydrated conditions [121] though it is
only found to change slightly for camel milk of some camel
breeds in different part of the world [77]. The lactose
content of camel milk (4.2%) is reported to be lower than
that of bovine milk (4.9%) [110], whereas buffalo milk is
found to contain lower lactose compared to camel milk as
well as cow milk [52].

Minerals
The total mineral content as total ash ranged from 0.60 to
0.90% in dromedary camel milk [34, 60]. Camel milk is a

rich source of chloride [58] due to the forage eaten by
camels such as Atriplex and Acacia, which usually have a
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Table 7 Mineral content (gm %) in camel and cow milk

P Na K Ca Mg Reference no.
84 59 173 115 14 [3]

58 36 60 132 16 [41]

71 36 62 116 08 [46]

63 69 156 106 12 [76]

90 46 29 84 3 [92]

9 58 128 124 12 [77]

high salt content [119] and may be one of the reasons of
salty taste of milk [123]. The macromineral content of
camel milk varied between breeds, such as Majaheim,
Najdi, Wadah and Hamra [77] and Bikaneri, Jaisalmeri and
Kachachhi [72, 73]. The concentration of other
macrominerals, namely Ca, Mg, P, Na and K, in camel
milk is almost comparable to those of cow milk (Table 7).
The major reasons of variations in mineral content reported
are due to breed differences, feeding, analytical procedures
and water intake [43].

Camel milk is rich in Zn, Fe, Cu and Mn than cow milk
[92]. The values of trace minerals, viz. Fe, Zn and Cu,
reported in camel and bovine milks are 1.37, 2.19 and
0.44 mg/dl and 0.05, 0.35 and 0.02 mg/dl, respectively
[40]. The ratio of Ca to P is 1.5 for camel milk verses 1.29
and 2.1 for cow and human milk, respectively. This ratio is
of significant importance since cow milk-based formula
used for feeding infants contains high phosphate, which
may lead to hyperphosphatemia and low serum calcium
[114].

Vitamins

Among the water-soluble vitamins, camel milk is rich in
niacin and vitamin C content. It is revealed that camel milk
contained three to five times [111] more vitamin C as
compared to bovine milk. The mean value of vitamin C
concentration present in camel milk is 34.16 mg-L™'. The
availability of relatively higher amount of vitamin C in raw
camel milk is of significant relevance from the nutritional
point as vitamin C exhibits powerful antioxidant action and
it can be an alternative source of vitamin C under harsh
environmental conditions in the arid and semiarid areas
[72, 73].

Vitamin B, B,, folic acid and pantothenic acid are low
in camel milk, while Bg and B, content is quite similar to
that of cow milk but higher than in human milk. The
content of vitamin A (100-380 pg/L) in camel milk is
reported to be lower than that of bovine milk [114]. The
levels of vitamin A, E and B, were reported to be low in
camel milk compared to cow milk [114]. Concentration of
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vitamins A, E and B; was as 20.1 &+ 10.0 pg %,
327 £ 12.8 ug % and 19.6 &+ 6.4 mg % in camel milk as
compared to 60.9 &+ 25.6 ug %, 171.0 = 114.4 pg % and
347 £ 8.1 mg %, respectively, in cow milk. Cow milk
contains 99.6 + 62.0 ug % P-carotene, but it is not
detected in camel milk.

According to the USDA report 2009, 250 ml camel milk
provide an adult with about 15.5% of cobalamin (B;,),
8.25% of riboflavin (B,), 5.25% of vitamin A and 10.5% of
ascorbic acid (C), thiamin (B;) and pyridoxine (Bg) of the
recommended daily intake (RDI) [10].

Milk Enzymes, Protective Protein and Hormones

The enzyme activity of gamma glutamyl transferase
(GGT), lactate dehydrogenase (LDH), lactoperoxidase
and catalase in camel milk were 241 £+ 13.55 IU/L, 140
£ 15.08 IU/L, 2.2 £ 0.30 unit/ml and 0.128+0.025 mol/
min/gm of protein, respectively [88]. Camel milk con-
tains a number of protective proteins, mainly enzymes
that exert antibacterial and immunological properties,
viz., lysozyme, lactoferrin, lactoperoxidase and pepti-
doglycan recognition protein (PGRP). PGRP has not
been detected in cow milk. This enzyme has broad
antimicrobial activity and has ability to control the
cancer metastasis. Immunological research on camel
milk lysozyme revealed that there is no antigenic
resemblance between bovine and camel milk lysozyme,
indicating alike structures. The level of lysozyme in milk
differs extensively from 79 mg 100 mL™" in mare milk
[51] to 13 pug 100 mL™" in buffalo milk [27]. Lysozyme
activity of camel milk ranged from 0.03 to 0.65 mg/dl
[73]. According to different researches, camel milk
contains 228 and 500 pug 100 mL~" of lysozyme [22, 27]
compared to 13 and 37 pug 100 mL™" in cow milk [61].
The variations in the observed values were mainly due to
the effect of lactation period. The camel milk/colostrum
contains higher concentration of lactoferrin and lyso-
zyme than in cow milk. Lactoperoxidase present in
camel milk is a monomeric protein, which shows about
79.2% sequence likeness to human eosinophil peroxidase
and 79.3% sequence likeness to human myeloperoxidase.
Both eosinophil peroxidases and myeloperoxidase are
dimeric proteins [53]. Lactoperoxidase was extracted and
purified from bovine and camel milk and their molecular
weights were approximated at 88 and 78 kD a, respec-
tively [122]. The activity of lactoperoxidase in camel
milk was found to be 2.23 £ 0.01 units/ml of milk.
Immunoproteins IgG, IgA, IgM, C3 and C4 in milk were
determined to study antibacterial factors. The values of
these proteins in camel milk are 2799 £ 71.2, 210 £ 21.0,
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84 + 15.9, 3.3 £ 0.25 and 0.5 £ 0.14 mg/dl, respectively
[92].

Camel milk samples from different stages of lactation
were processed for determination of progesterone, pro-
lactin, TSH, cortisol and insulin using radioimmunoassay
method. The values of prolactin, insulin, TSH, proges-
terone and cortisol ranged from 8 to 11 ng/ml, 45 to 128
uU/ml, 0.12 to 0.15 ulU/ml, 0.35 to 0.1.40 ng/ml and 25 to
34 ng/ml, respectively [92].

Functional Properties and Medicinal Applications
of Camel Milk

Camel milk as good alternative to cow milk for human
nutrition has been acknowledged for a long time in dif-
ferent parts of the world [111]. There are reports that camel
milk acts as an adjuvant and has medicinal properties,
suggesting it contains protective proteins, which may have
possible role for enhancing immune defense mechanism
[120]. These potential health benefits are obtained through
a number of bioactive components in camel milk [63, 65].
These components either exist naturally in camel milk or
are derived from camel milk protein hydrolysates using
proteolytic enzymes and/or fermentation with lactic acid
bacteria (LAB) [64, 66].

Antimicrobial Properties
Antiviral Activity

Rotaviruses are the most frequent cause of nonbacterial
gastroenteritis in infants or calves in most parts of the world.
Camel milk-purified immunoglobulin (IgG) and secretory
immunoglobulin A (sIgA) are reported to be effective
against rotaviruses isolated from bovine [26] or form human
sources [25]. The antirotavirus activity, i.e., antibody titer in
colostrum, was strong due to IgG, while sIgA in normal milk
was high. This indicates that raw camel milk is considered a
strong viral inhibitor to human rotavirus. These findings may
explain the reason for use of camel milk as a remedy to treat
diarrhea by camel herdsmen [25, 26].

Freshly prepared or preserved ‘Shubat,” a fermented
camel milk drink used in Kazakhstan, has been reported to
possess virucidal and virus-inhibiting properties against
ortho- and paramyxoviruses [18]. These properties are
retained during storage. The antiviral activity of ‘Shubat’ is
suggested to be due to the presence of sialic conjugates and
metabolic products of lactic acid bacteria and yeasts.

The ability of camel milk proteins to inhibit and/or
blocking the hepatitis C virus (HCV) entry and replication
inside the cell system has been reported. Camel lactoferrin

demonstrated a remarkable in vitro ability to completely
inhibit the HCV entry and replication into human periph-
eral blood mononuclear cells (PBMC), hepG2 and repli-
cation inside those cells system [30].

Antibacterial Activity

Camel milk is reported to inhibit both gram-positive and
gram-negative bacteria, including Escherichia coli, Liste-
ria monocytogenes, Staphylococcus aureus and Salmonella
typhimurium [26, 63, 64]. The inhibitory action of camel
milk against L. monocytogenes, S. aureus and E. coli has
been attributed to the presence of lactoperoxidase, hydro-
gen peroxide and lysozyme, respectively. The growth of
Salmonella typhimurium is inhibited by lactoferrin in
camel milk through binding iron and making it unavailable
for its growth [26, 84]. It is demonstrated that the potential
for camel lactoferrin to inhibit HCV entry into human
leukocytes is with more efficiency than human or bovine
lactoferrin [31]. The potential of camel milk lactoferrin for
its ability to inhibit the proliferation of the colon cancer
cell line has been reported [42]. The concentration of
lysozyme, lactoferrin and immunoglobulins in camel milk
is higher than in bovine or buffalo milk [30, 68]. The
antimicrobial activity of these molecules is, however, lost
in camel milk after heat treatment at 100 °C for 30 min
[25].

Camel Milk as an Adjuvant for Human
Tuberculosis Patients

Camel milk has been used for the treatment of different types
of human tuberculosis, viz. empyema, fresh, chronic pul-
monary and multiple drug-resistant (MDR) patients [71].
Male inpatients who suffered from tuberculosis were divided
into camel milk supplemented and control groups. The clini-
cal symptoms revealed no cough, expectoration and breath-
lessness, hemoptysis and fever in camel milk supplemented
group. However, control group patients indicated persistence
of cough and breathlessness. Comparatively more improve-
ment in hematological and radiological observations was
found in camel milk supplemented patients. The concentra-
tion of serum Zn and Fe was significantly (P < 0.01) higherin
the patients supplemented with camel milk. Increase in the
serum Zn concentration ranged from 20.38 to 44.97% and
6.94-10.79%, and the increase in serum iron was 14.92-20.92
and 6.98-9.29%, respectively, in camel milk supplemented
and control groups. Serum copper (Cu) was estimated and
percent decrease in the level of Cu was found to be 50.25 and
21.54% in camel milk supplemented and control groups,
respectively. The body weight gain ranged from 6.48 to
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20.68% in camel milk group and 3.38 to 4.70% in control
group. Immunoglobulins status studied in MDR tuberculosis
patients indicated that the levels of infection as specified by
IgG and IgA in the patients of camel milk group also decreased
in comparison with control group. As regards IgM antibody
status, 62.50% patients of camel milk group were found to be
negative; however, control group remained positive at the end
of trial. Decrease in the level of IgA was 45.18 and 35.36% in
camel milk and control group, respectively. Decrease in the
level of IgG was 65.25 and 41.55% in camel milk and control
groups, respectively. The results pertaining to clinical, bac-
teriological and radiological attributes indicated higher
improvement in the camel milk supplemented group as
compared to control group. It can be concluded from the above
studies thatraw camel milk along with normal therapy helps in
fast recovery of tuberculosis and camel milk can act as an
adjuvant nutritional supplement in tuberculosis patients.

Protection Against Lead Contamination

Protection against lead contamination by strains of lactic
acid bacteria from fermented camel milk has been reported
[9]. One of the most frequently described problems in lead
toxicity is saturnism, cancer and anemia. Camel milk and
fermented ‘Shubat,” its derivative product, contaminated
with the lactic fermentation of ‘Shubat,” could reduce the
availability of lead in digestive tract of consumers because
LAB is able to absorb this metal which is then excreted in
the feces.

Angiotensin I-Converting Enzyme (ACE)
Inhibitory Activity

ACE-inhibitory peptides are present in the primary struc-
ture of various food protein sources including milk proteins
[50, 69, 80, 81]. These peptides are also found in fermented
camel milk [86]. Probiotic bacteria have been shown to
hydrolyze the major components of milk proteins to
increase the number of peptides and amino acids to enable
their growth [11]. Lactobacillus helveticus 130B4 was used
to release the ACE-inhibitory peptides from camel milk
proteins; the amino acid sequence was identified as Ala-Ile-
Pro-Pro-Lys-Lys-Asn-GIn-Asp [86].

The ACE-inhibitory activity of camel milk protein
hydrolysates has also been studied and reported that after
enzymatic hydrolysis of camel milk proteins, the ACE-
inhibitory activities of camel whole casein and camel B-CN
were enhanced. Camel whole casein and B-CN showed
significant ACE-inhibitory activities after hydrolysis with
pepsin alone and after pepsinolysis followed by trypsinol-
ysis and chymotrypsinolysis [101].

@ Springer

Recently the ACE-inhibitory activity of peptide frac-
tions from bovine and camel milk fermented by Lacto-
bacillus rhamnosus PTCC 1637 was compared. Higher
ACE-inhibitory was observed from cultured camel milk
than bovine milk. This may be explained by structural
differences and the presence of higher proline content in
the primary structure of camel milk caseins compared to
bovine milk [81].

Camel Milk Adjuvant for Management of Diabetes

The presence of high concentration of insulin/insulin-like
substances in camel milk such as half-cystine [15], the
effect of small-sized immunoglobulins of camel milk on B-
cell [7] and the lack of coagulation of camel milk in the
human stomach contribute to the hypoglycemic effect in
type 1 diabetes in human [6], rats [99] as well as in alloxan-
induced diabetic dogs [102].

Oral insulin has been known since many years, but the
critical drawback is its coagulation in acidic media in the
stomach, which neutralizes its potency. One property of
camel milk is that it does not form the coagulum in the
stomach or the acidic media; therefore, it prevents degra-
dation of insulin in the stomach. It was found that amino
acid sequence of some of the camel milk protein is rich in
half cysteine, which has similarity with insulin family of
peptides [48]. The lack of coagulum formation allows the
camel milk to pass rapidly through the stomach together
with the specific insulin or insulin-like peptide and remains
available for absorption in intestine.

Poor sensitivity to insulin is typically associated with type
2 diabetes, but it also plays a key role in brain signaling.
Reducing the level of insulin in the brain immediately
impairs cognition and spatial memory seems to suffer in
insulin deficiency. It is reviewed that camel milk has pow-
erful effect in reducing in blood glucose levels and insulin
requirement. Camel milk is safe and efficient in improving
long-term glycemic control and can provide significant role
management of type 1 diabetic patients [107]. Recently, it
has been observed that Alzheimer’s can be considered as a
type of diabetes and termed as type 3 diabetes. As camel milk
contains very high amount of insulin, it could be useful for
the treatment of type 3 diabetes. However, further compre-
hensive studies are needed in this regard.

Camel Milk Safe for People Allergic to Bovine
Milk

Camel milk is recently suggested as an alternative food to
children with allergenicity to bovine milk. Hypoaller-
genicity of mothers’ milk was reported to be due to the
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high percentage of B-CN, low percentage of a-CN [28],
deficiency of B-lactoglobulin [54] and similarity of the
immunoglobulins [105]. It has been reported that camel
milk could be a new protein source for children allergic to
bovine milk. It is expected to cause little hypersensitivity
reactions because camel milk proteins and their percent-
ages are similar to that found in human milk [28].

Antiatherosclerosis Property

Fermented camel milk (gariss) and ‘gariss’ containing Bi-
fidobacterium lactis (BB-12) administration has been
reported to possess a hypocholesterolemic effect in vivo in
rats [29]. The hypocholesterolemia mechanism of camel
milk is still unclear, but different hypotheses have been
proposed, including: interaction between bioactive peptides
derived from camel milk proteins and cholesterol, which
result in cholesterol reduction [68], and the presence of
orotic acid in camel milk which is thought to be responsible
for lowering cholesterol level in human subjects [17] and in
rats [96].

Antioxidant Activity

Salami et al. [100] studied the enzymatic digestibility and
antioxidant activity of camel a-lactalbumin. Camel a-lac-
talbumin showed higher degrees of hydrolysis (digestibil-
ity) with both trypsin and chymotrypsin enzyme than
bovine a-lactalbumin, but both proteins showed similar
sensitivity to pepsin enzyme. The antioxidant activity of
camel o-lactalbumin was greater than that of bovine o-
lactalbumin because it contains higher antioxidant amino
acids residues, in addition to the differences in conforma-
tional features of both proteins.

The effects of enzymatic hydrolysis with digestive
enzymes of camel whole casein and B-CN on their
antioxidant properties were studied. After enzymatic
hydrolysis, antioxidant activities of camel whole casein
[65] and camel B-CN were enhanced. Camel B-CN showed
high antioxidant activity after hydrolysis with chy-
motrypsin. The results of this study suggest that when
camel milk is consumed and digested, the produced pep-
tides start to act as natural antioxidants [65, 66, 101].

In a recent study, the antioxidant activity of peptide
fractions from bovine and camel milk fermented by Lac-
tobacillus rhamnosus PTCC 1637 was compared. Higher
antioxidant activity was observed from cultured camel milk
than bovine milk [81]. In both the milks, increased prote-
olytic activity during storage resulted in increased antiox-
idant activity.

Development of Camel Milk Products

Various products produced from camel milk include soft
cheese [32, 49, 75], fermented milk [29], yoghurt [45], ice
cream [5] and butter [36]. The commercial production of
camel cheese is also possible by using active camel chy-
mosin produced by expression in yeast strain, Pichia pas-
toris GS115 [115].

Milk fatty acid composition is one of the aspects related
to the health effects of camel’s milk and its products.
However, the fatty acid composition of camel milk is not
well documented [8]. Human milk fat contains a higher
content of unsaturated fatty acids compared with bovine,
but camel’s milk seems to be very different from other
mammalian milks in terms of unsaturated fatty acid com-
position and in its low content of short-chain fatty acids.

Camel milk contains less fat, which mainly consists of
polyunsaturated fatty acids that are completely homoge-
nized and gives the milk a smooth white appearance.
Lactose is present in concentrations of 4.8% and is easily
metabolized by persons suffering from lactose intolerance
[12]. Value additions of camel milk can be an alternative to
make it more important in daily life. By-products can be
prepared and stored for longer period for transportation.
Most camel milk is consumed raw, boiled or for prepara-
tion of tea. Nowadays, low-fat dairy products are preferred
over full fat products in several markets. This trend has
been particularly visible for ice cream over the last few
years. Camel milk being low in fat also contains vitamin B,
iron and unsaturated fatty acids. Camel ice cream is safe
for consumers with lactose intolerance and contains 3 times
more vitamin C than cow milk [4].

Fermented raw camel milk products, such as ‘gariss’ in
Sudan or ‘suusac’ in Kenya and Somalia, which are often
initiated through continuous utilization of vessels and back
slopping, play an important role in the diet of pastoral
communities [37]. Camel milk is also used for the prepa-
ration of ‘kheer,” and it is very much famous among the
Rakia’s community of Rajasthan, India.

Various camel milk products were prepared and asses-
sed at NRC on Camel, Bikaner. The products include ice
cream/kulfee, frozen desserts with different flavors
[87, 89, 92], camel milk tea and coffee, fermented milk/
curd, butter and ghee, flavored milk, paneer, cheese,
khoa/mawa, gulabjamun, barfi/chocolate barfi, peda, lyo-
philized whole and skim milk powder, chocolates and
human skin cream [87, 91-93]. Processing technologies for
the manufacture of rasogolla, sandesh, rabri from fer-
mented camel milk; sweet lassi, frozen yoghurt with oat
flour, frozen yoghurt with improved texture, camel milk
whey drink and spray dried milk powder were standardized
[92]. Camel milk creams have a healing effect on skin
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autoimmune diseases. Phenotypic and genotypic charac-
terization of lactobacilli isolated from camel milk cheese
produced by NRC on Camel, Bikaner, revealed that these
isolates have potential for development of defined strain
starter for camel cheese [82].

Commercial Viability of Camel Milk and its
Value-Added Products

In order to popularize and promote the camel milk and
milk products, viz., kulfee, flavored milk, lassi, tea and
coffee, these were prepared and sold in the camel milk
parlor started by NRC, Bikaner [92]. Camel milk and milk
products were sold for more than thirty lakhs of rupees
during the period from April 2007 to March 2017 period.
The results of beneficial effects of camel milk in patients
suffering from autism and other ailments justify further
need to organize camel milk trading in the country.
Looking to benefit the autistic children, a pilot research
trial in collaboration with Baba Farid Centre for Special
Children (BFCSC) Faridkot is under taken in line of future
commercialization. Similarly, technologies for the pro-
duction of lyophilized camel milk powder and flavored
camel milk are under the process of MoU with NGO and
dairy industry for their commercialization.

Bactrian Camel Milk Production and Composition

Milk production potential of Bactrian camel has been
reported to be low (0.5-1 L/day) as compared to dromed-
aries, but it has been also reported from Kazakhstan that
these camels produce as high as 6-7 L of milk/day, which
is higher than the milk production potential of local cows
and dromedaries [70].

The percent value of protein, lactose, fat, ash and total
solids in colostrum of Bactrian camel are 14.23, 4.44, 0.27,
0.77 and 20.16%, respectively, whereas in the milk these
values were 3.55, 4.24, 5.65, 0.87 and 14.31%, respectively
[123]. The percent value of protein, lactose, fat, ash and
total solids in Chinese Bactrian camel milk are 3.90, 4.50,
5.32, 0.83 and 14.52, respectively [124] The pH, acidity
(%), density, viscosity (mPa s), electrical conductivity (uS/
cm) of regular fresh Bactrian camel milk ranged from 6.37
to 6.57, 0.17 to 0.20, 1.028 to 1.040, 6.79 to 7.16 and 0.380
to 0.547 x 10%, respectively [124]. The Alxa Bactrian had
stronger buffering capacity than that of bovine milk [14].

The Bactrian camel’s milk is high in fat because these
animals live in a cold desert environment and higher fat
provides more energy to the suckling calves. The fat
quantity in milk also depends upon the availability of water
[72]. Milk fat composition revealed that the ratio of C12:0
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to C18:0 saturated fatty acids in colostrum was lower than
that of regular milk and the predominant saturated fatty
acids were C14:0, C16:0 and C18:0, despite the lactation
phase. Considerable level of polyunsaturated fatty acid
(C18:1) was also reported in Bactrian milk [83, 123]. The
composition of fatty acids in Bactrian camel showed slight
differences than to dromedary milk. Dromedary milk
contains higher amount of C10, C18 and C18:1 (n—7),
while Bactrian milk is richer in C14, C16 and C18:1 (n—9)
[4, 43]. The levels of Ca, P, Na, K and CI were 222.58,
153.74, 65.0, 136.5 and 141.1 mg/100 g, respectively, in
colostrum and 154.57, 116.82, 72.0, 191.0 and 152.0 mg/
100 g, respectively, in the Bactrian camel milk [123]. The
levels of vitamins A, C, E, By, B,, B and D were 0.97,
29.60, 1.45, 0.12, 1.24, 0.54 mg/L and 640 IU/L, respec-
tively, in milk. Levels of vitamin A and C contents in milk
were higher, whereas amount of vitamins E and B; were
lower than those in colostrums [123].

Conclusions

Fresh camel milk and their products are a good bioactive
adjuvant for the people living in the arid and semiarid areas.
Awareness and utilization of camel milk as health adjuvant
are gradually increasing as the camel milk has been found to
have unique properties of its proteins, fatty acids, richer in
microminerals and vitamin C compared to milks of other
animal species, such as bovine milk. Further studies are
required to characterize fat globule membrane, bioactive
proteins and peptides. Work is also warranted on camel milk
protein coagulation by acid and chymosin enzyme to solve
problems associated with cheese making. Fresh and fer-
mented camel milk are reported for improving immunity and
provides particular health benefits to the consumer depend-
ing on the unique bioactive substances in milk. More
extensive research investigations are required to confirm the
projected health benefits and characterize the properties of
this natural adjuvant, to create economic and social space for
camel milk and products. This review is expected to open
new avenues for developing modern camel dairies and
generate greater interest in camel milk research.
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