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Abstract

Camel milk has been used for many years by pastoralists in Africa, Mild East and Asia as a source of food and as a remedy
for common ailments. There is increased demand for its use in Europe, the USA, Africa and Asia, as more people become
aware of its nutritional and medicinal values. The nutritional medicinal properties of camel milk seem to be due to its rich
composition of unique bio-active therapeutic molecules such as lysozymes, lactoferrin, lactoperoxidase enzyme, peptidoglycan
recognition protein (PGRP) and N-acetyl-B-D-Glucosaminidase (NAGase). Camel milk contains sugars, microelements, and
vitamins especially, vitamin B complex and C, iron and Zinc. Lactoferrin in camel milk has considerable antibacterial, antiviral,
anti-inflammatory and anti-tumor properties. Camel IgG2 and IgG3 immunoglobulin subclasses have unique disease-
fighting properties as nano-antibodies because of their small size due to the absence of light chains, which allows their easy
penetration of tissues and antigens, thus enhancing their effectiveness in immune defense. Camel milk is a rich source of
insulin (approximately 52 units of insulin in each liter of milk, which is 3 times that found in bovine milk). The insulin in
camel milk is encapsulated in nano-particles (lipid vesicles) that make it possible to bypass the acidic gastric environment
without being damaged by the enzymes and the acid therein. It is thus, a promising option for the treatment of Type 1 or
Type 2 diabetes in humans, as well as gestational diabetes. Camel milk is a natural source of Alpha-Hydroxide acids which
are known to chubby and smoothen the skin. It can also be used as a precautionary for gastric ulcers and its regular intake
can help to control blood sugar levels, coronary heart disease, viral, bacterial and some protozoal infections, gastroenteritis,
some cancers, dropsy, jaundice, asthma, food allergies and the rehabilitation of the immune system in children. It has also
been reported to have aphrodisiac properties. The nutritional and medicinal properties of camel milk and the public health

challenges of taking it in raw form are reviewed in the respective sections below.
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Introduction

Camels play an important role in the livelihoods of many
communities of Arid and Semi-Arid Lands (ASALs) of Africa
and Asia, due to their excellent adaptation to the harsh
climates and the provision of milk, meat, and transportation
[1]. Compared to bovine milk, camel milk has more iron and
vitamin C. Furthermore, camel milk has more proteins and
less fat and cholesterol as compared to bovine milk. Medical
studies have also indicated that children with autism may live
healthier lives by consuming camel milk. Raw camel milk has
been used for many years by pastoralists in Africa, Mild East,
and Asia as a source of food and as a remedy for common
ailments and there is increased demand for it in Europe,
the USA, Africa, and Asia, as more people become aware of
its nutritional and medicinal value [2]. Additionally, it was
discovered that people who are lactose intolerant, tolerate
camel milk far better than bovine milk. Thus, the camel
dairy products have been steadily gaining popularity across
the world owing to their nutrient-rich and nutraceutical
qualities (Figure 1). The varieties of products that can be
manufactured from camel milk are also on the increase. Fresh

milk, flavor-infused milk, laban, cheese, ice cream, yoghurt,
milk powder, newborn formular, etc., are some of the popular
end-products of camel milk. The world annual camel milk
production has risen from 0.63 million tonnes in 1961 to
3.15 million tonnes in 2020, which is a 5-fold increase over a
60-year period, ranking camels fifth amongst dairy animals
[3]. For example, in 2020, the Gulf Corporate Council (GCC)
reported that the camel dairy market reached a value of
502-3 million US dollars and is expected to grow to 7-1 % by
2026 [4]. Thus, extensive or semi-intensive systems coupled
with well-planned intensification and animal husbandry
practices, could improve the productivity of this animal
species and make it more relevant to food and nutritional
security and the livelihoods of the people living in ASALs [5].
Latest reports suggest that the global camel dairy market
reached 2.3 billion US$ in 2020. A total of 2.9 million tons of
camel milk has been recorded annually worldwide [6]. Camel
dairy market is expected to reach USD 10.07 billion by 2027
growing at a growth rate of 8.0% in the forecast period 2020
to 2027.

o

Figurel: Nutraceutical Qualities Camel Milk.

Nutritional Composition of Camel Milk

Physically, camel milk appears as a white liquid due to
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its homogenised fats and has an aroma and salts-like flavor
depending largely on the kind of water it drinks and plants it
feeds on [7-9]. Furthermore, the pH of the camel milk ranges
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from 6.2 to 6.5. However, there are other factors that may
influence the quality of camel milk such as the physiological
state of the animal, seasonal variations, inherent makeup
and its health conditions [10]. In general, normal camel milk
comprises 0.79% of ash, 87% of water, 4.4% lactose, 3.5%,
fat and protein 3.4% [11]. A large portion of camel milk
protein content comprises casein and this may range from
1.63 to 2.76% of the milk, which makes up 52 to 87 parts of
entire milk proteins and there are 4 casein variants in camel
milk, namely: as1, as2, 8, and y [12,13]. Camel milk has a
greater B-casein levels and lower y and a casein amounts
than bovine milk. Casein is easy to digest in the intestine and
it is an essential source of amino acids for the development
and growth of children. The amino acid composition of
camel milk is comparable to bovine milk, but the quantity of
essential and non-essential amino acids is greater in camel
milk than in the bovine [14]. Besides serum albumin, camel
milk also contains peptidoglycan proteins, lactalbumin,
lactoferrin, lysozymes, lactoperoxidase immunoglobulins
and whey proteins which make up 20-25 percent of all
proteins. Thus, whey proteins are more abundant in camel
milk than in bovine milk [12,15].

Previous findings show that the normal proportion
of lactose in the milk of camel ranges from 3.8-5.5% [16-
18]. The differences in lactose content could be because
of the different seasonal and nutrional differences in the
feeding of the camels used in the study [10,12,19,20]. The
milk fat from dromedary camels has lower carotene levels
and lower levels of short-chain fatty acids than that of the
other domestic ruminants [21]. A significant proportion of
long-chain fatty acids differentiate the lipid fraction of camel
which contributes up to 96.4 percent of the lipid content as
compared to 85.3 percent in the milk of bovine [9].

Mansson N, et al. [22] stated that the size and the average
diameter of fat globules in camel milk (of camel 2.99 pm)
was lower than in milk of buffalo ( 8.7 um) and that of goat
(3.19 pm). A higher milk fat distribution is more accessible to
lipolytic enzymes. Hence, the milk of goats and of camels is
more digestible by human beings than that of other ruminants
[23]. The fatty acid profile of the milk of dromedary camels is
exceptional in that it contains 6 to 8 times fewer short-chain
fatty acids than that of the bovine, horse, buffalo and sheep
[24]. Camel milk contains numerous fatty acids (short-chain
fatty acids: C-4 to C-14; and long-chain fatty acids, (C-14 to
C-18), namely: caproic, arachidic acids, palmitic, butyric,
caprylic, lauric, myristoleic, capric, myristic, palmitoleic,
linoleic, stearic and oleic [25,26]. These fatty acids in camel
milk are extremely important for human nutrition.

The mineral profile of camel milk is comparable to
other ruminants. The total mineral content as total ash
ranges from 0.60 to 0.90% in dromedary camel milk [10,27].
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Camel milk is a rich source of chloride due to the forage it
eats, such as Atriplex spp and Acacia spp, which usually
have a high salt content and may be one of the reasons for
the salty taste of milk [28,29]. The macromineral content of
camel milk was reported to vary between breeds, such as
Majaheim, Najdi, Wadah and Hamra. The concentration of
other macrominerals, namely Ca, Mg, P, Na and K, in camel
milk is comparable to that of cow milk [30-33]. The main
reasons for variations in mineral content could be due to
breed differences, feeding, procedures used for its analysis
and water intake [20]. Camel milk is richer in Zn, Fe, Cu and
Mn than cow milk [33]. The values of trace minerals, viz: Fe,
Zn and Cu, reported in camel and bovine milk are 1.37, 2.19
and 0.44 mg/dl and 0.05, 0.35 and 0.02 mg/dl, respectively
[34]. The ratio of Ca to P is 1.5 for camel milk versus 1.29
and 2.1 for cow and human milk, respectively. This ratio is
of significant nutritional importance since cow milk-based
formular used for feeding infants contains high phosphate,
which may lead to hyperphosphatemia and low serum
calcium [35].

Camel milk contains numerous fat and water-soluble
vitamins such as retinol, tocopherol, calciferol and thiamine
and ascorbic acid and is well-recognized as a good source
of ascorbic acid 34.16 mg/ L 35-fold higher than the milk of
a cow [9,21,36]. The existence in camel milk of fairly good
amounts of vitamin C, 23.7 mg/kg is of significant importance
to the human diet in areas where green vegetables and fruits
are difficult to access. In addition, there is more folic acid,
niacin (B3), vitamin B12, and pantothenic acid, though has
a lesser amount of retinol and riboflavin and Vit A [21].
However, the content of vitamin B6 and thiamine was found
to be similar to that of bovine milk, while that of pantothenic
acid, folacin, and B12 was lower in bovine milk [37,38].

Camel milk is low in lactose levels compared to human
and bovine milk, but levels of potassium, magnesium, iron,
copper, manganese, sodium, and zinc are higher in camel
milk than in bovine milk. Cholesterol levels in camel milk are
lower than in cow or goat milk. Camel milk is 3 times higher
in vitamin C than bovine milk and 10 times higher in iron. It
is also high in unsaturated fatty acids and B vitamins but less
in vitamins A and B2. For a long time, milk was considered to
only provide nutritional components such as essential amino
acids [39]. Studies have shown that camel milk has important
nutraceutical properties and could provide particular health
benefits due to its rich nutritional and bioactive substances.
Camel milk contains a number of protective proteins
lysozyme, lactoferrin, lactoperoxidase, peptidoglycan
recognition protein (PGRP) enzyme, etc. Camel and cow milk
contain 65% and 39% B-casein and 5% and 14% k-casein,
respectively. The concentration of B-lactalbumin in camel
and bovine milk is estimated to 3.5mg/ml and 1.2mg/ml,
respectively [40].
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Clinical condition Theral-)eutlcally Molecules Refere
in Camel Milk nces
Diabetes Insulin-like molecules [41]
Low levels of 3-Casein &
.Allergy apd lack of B-lactoglobulin, [42,43]
inflammation .
Lactoferrin,
Liver and kidney Alanine aminotransferase
. and aspartate [41]
function .
aminotransferase
Slimmin Low protein content and
'8 reasonable cholesterol [44]
properties
content
Anti-tumour Lactoferrin, Lysozyme,
- . [45]
activity Lactoperoxidase
Nutritional Unsaturated fatty acids [10]
supplements
Easy assimilation
in Lactase deficient L-lactate -
patients
Bone formation High level of calcium -
Diarrhoea High levels of §od1um and [27]
potassium
Immuno-Enhancer| Peptidoglycan recognition
and Anti-Microbial | protein (PRP), Lactoferrin, [43]
activity Lysozyme, Lactoperoxidase
Immuno enhancer | Peptidoglycan recognition
and antimicrobial | protein (PRP), Lactoferrin, [43]
activity Lysozyme, Lactoperoxidase
: . N-acetyl-glucosaminidase
Antl-bgcterlaq a.nd (NAGase), Lactoferrin, [43,46]
antiviral activity .
Lysozyme, Lactoperoxidase
Heavy chain antibodies
. . (HCAD) or variable heavy
Passive Immunity antibodies (VHH) or [47]
nanobodies

Table 1: Clinical properties of Key Therapeutic Bio-Molecules
in camel milk improved after Mahala D], et al. [43].

Milk Enzymes, Protective Proteins and

Hormones

Camel

milk contains a number of nutraceutical

biomolecules (Table 1). Enzyme activity levels of 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 for Gamma-Glutamyl Transferase
(GGT), Lactate Dehydrogenase (LDH), Lactoperoxidase and
Catalase in camel milk, respectively, have been reported [48].
Camel milk contains a number of other protective proteins,
mainly enzymes that exert antibacterial and immunological
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properties, viz.,, Lysozyme, immunoglobulins, complement
components, Lactoferrin, Lactoperoxidase and Peptidoglycan
Recognition Protein (PGRP), have been reported in camel
milk [30,33,49-53]. PGRP has broad antimicrobial activity
and has also the ability to control cancer metastasis.

Lysozymeisa protective protein higherin camel milk than
the cows and human milk. It has antibacterial activity against
gram-positive bacteria like N-acetyl-beta-D-glucosamidase
(NAGase) found in similar quantities in human milk [54].
The immunological research on camel milk lysozyme has
revealed that there is limited antigenic resemblance between
bovine and camel milk lysozyme [30]. The lysozyme activity
of camel milk ranged from 0.03 to 0.65 mg/dl [30]. According
to different research undertakings, camel milk contains 228
and 500 Ig 100 mL™"! of lysozyme compared to 13 and 37 Ig
100 mL"! in cow milk [50]. The variations in the observed
values were mainly due to the effect of the lactation period.
Camel milk/colostrum contains a higher concentration of
lactoferrin and lysozyme than cow milk [55].

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 [56]. The molecular
weight of lactoperoxidase extracted and purified from bovine
and camel milk was estimated at 88 and 78 kD a, respectively
and the activity of lactoperoxidase in the camel milk was
found to be 2.23 + 0.01 units/ml of milk. Lactoperoxidase is
resistant to acidic and proteolytic digestion and contributes
to the innate host defense system, exerting bactericidal
activity, growth promotion activity, anti-tumor activity and
has a close relation (71%) to human thyroid peroxidase,
which is involved in iodination and coupling in the
formation of the thyroid hormones [57]. Lactoperoxidase
has bactericidal activity mainluy on gram- negative bacteria
like Escherichia coli, Salmonella spp and Pseudomonas spp.
Immunoproteins IgG, IgA, IgM, C, and C, in camel milk were
determined to study antibacterial factors. The values of these
proteins in camel milk were estimated at 2799 + 71.2, 210 +
21.0,84 +15.9,3.3 £ 0.25 and 0.5 * 0.14 mg/d], respectively
[33]. The IgG immunoglobulins in camel milk contribute
to the unique camel milk’s ability to fight infection. Camel
IgG2 and IgG3 are one-tenth the size of human antibodies,
because they lack light chains, and thus, are able to penetrate
tissues and cells that human IgGs or other ruminant IgGs
cannot do. They are able to easily and readily pass to the
milk of the lactating camel, can pass the blood-brain barrier
(BBB) and are readily absorbed from the gut into the general
circulation [58]. Moreover, according to the study of the level
of immunoglobulin G in camel milk is 1.64 mg.mL" is higher
compared to 0.70, 0.67,0.55, 0.63 and 0.86 mg.mL-1 for goat,
cow, sheep, buffalo and human milk, respectively [59].
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Lactoferrin is a glycoprotein which has an ability to bind
two metal cations (preferably Fe®**) to the binding sites that
are structurally closely related. The majority of lactoferrin is
needed for transportation or storage of iron and possesses
antioxidant properties. . Lactoferrin contents of camel milk
(0.22 mg.mL?) were significantly higher than goat, sheep,
buffalo and cow milk [9]. The research of revealed that
highest level of lactoferrin (2.3 g.L'!) was noticed after 2 days
of parturition. Lactoferrin is among the protective proteins
in camel milk with higher concentration than other domestic
ruminates. This protein has been reported to prevent
microbial overgrowth and invading pathogens [42,60].

Analysis of progesterone, prolactin, TSH, cortisol
and insulin in camel milk samples from different stages
of lactation using the radioimmunoassay method, were
estimated to range from: 8 to 11 ng/ml, 45 to 128 ulU/ml,
0.12 to 0.15 ulU/ml, 0.35 to 0.1.40 ng/ml and 25 to 34 ng/
ml, respectively [33].

Figure 2: Bio medicinal activity of lactoferrin (Modified
after Mahala DJ, et al. [43]

Anti-Microbial Properties

The high content of antimicrobial agents in camel
milk may explain its reported antiviral and antibacterial
properties, especially against diarrhea-causing agents. The
nutraceutical benefits of camel milk were first mentioned
in the Moslem Holy Scriptures as being a gift for hungry
people and a remedy for sicknesses for the communities
of ASALs in Africa and Asia [61]. Scientists today theorize
this to be due to the unique immune system of this animal
and the bioactive molecules contained in its milk. Camel
milk contains various protective and bioactive proteins,
mainly enzymes that exert antibacterial and immunological
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properties [62]. Camel milk was reported to have an anti-
microbial effect against Gram-positive and Gram-negative
bacteria, notably: Escherichia coli, Listeria monocytogenes,
Staphylococcus aureus and Salmonella typhimurium [45,62].
This inhibitory activity was attributed to the presence of
antimicrobial substances in its raw milk, including lysozyme,
hydrogen peroxide, lactoferrin, lactoperoxidase and its
unique immunoglobulins [45]. The inhibitory action of camel
milk against L. monocytogenes, S. aureus, and E. coli might
be attributed to the presence of lactoperoxidase, hydrogen
peroxide, and lysozyme, respectively [62,63]. The growth of
Sal. Typhimurium was inhibited by lactoferrin in camel milk
by binding iron and making it unavailable for its growth [45].
The amounts of lysozyme, lactoferrin and immunoglobulins
found in the dromedary camel milk were greater than those
in bovine or buffalo milk, though this property has been
shown to be a disadvantage in yoghurt production from
camel milk. The growth of yoghurt culture in camel milk is
delayed due to the presence of lysozyme, which prolongs the
gelation process [2,10,63-66]. These antimicrobial agents
were reported to completely lose their activity in camel
milk if heat-treated at 100 OC for 30 min [67]. Compared
with bovine milk, the molecular masses of lactoferrin (79.5
kDa) and lactoperoxidase (78kDa) were found to be higher
in dromedary camel milk, whereas lysozyme (14.4 kDa) was
found to be similar [68]. The differences in composition and
structure of these antimicrobial substances in the milk of
both animals might partially explain the differences in their
inhibitory activity against various Gram positive and Gram
negative bacteria [68]. Prof. Hamers and his team were the
first to describe the amazing structure of camel IgGs and
showed that some camel IgG subclasses were different from
other mammalian IgGs in that IgG2 and IgG3 subclasses of
the camels and llama do not have light chains but consist of
only two heavy chains with a single V domain (VHH) which
has a long complementary determining region (CDR3)
loop, probably compensating for absence of the VL [69].
Furthermore, whereas conventional antibodies rarely show
a complete neutralizing activity against antigens, camel IgG
(IgG2 and IgG3) antibodies have a full neutralizing activity
against antigens as they are able to penetrate their antigenic
structure. The hypervariable regions of these camel IgGs
have increased repertoire of antigen binding sites and the
VHH domains and are better suited as enzyme inhibitors
than human or bovine antibody fragments, thus offering
a potential for viral or bacterial enzymatic neutralization
[47,69]. Amajor drawback in the development of mammalian
humeral immune system is the larger size of antibodies
which cannot reach some target sites due to steric and
conformational properties. By comparison, the simplicity,
small size, high affinity and specificity of camel Igs (IgG2 and
IgG3) and their potential to reach and interact with active
antigen sites, allows their penetration of dense tissues to
reach the antigens in question. The camel humeral immune
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system thus appears to be more efficient than that of humans
and other mammals. As the immunoglobulin concentration
is quite high in camel milk throughout lactation, drinking
camel milk has been reported to provide a tool for combating
autoimmune diseases by rehabilitating the immune system,
especially in children. The most pertinent observation is
that conventional treatments of autoimmune diseases in
man are based on immune suppression, whereas camel milk
immunoglobulins are able to enhance the immune system and
revitalize its integrity. The other known protective proteins,
with immunological properties in camel milk, include
lysozymes, lactoperoxidase, peptidoglycan recognition
protein (PGRP), and N-acetyl-b -D-Glucosaminidase
(NAGase). Lysozymes participate in the primary immune
system, based on targeting of structures common to invading
pathogens. Lactoferrin is Iron-saturated and from the
second week of lactation, it prevents microbial growth in the
gut and participates in the primary immune system, based
on targeting structures common to invading pathogens.
Camel milk apparently contains much more lactoferrin than
ruminants (bovine, sheep, and goat) milk [70].

Lactoperoxidase found in camel milk, tears, and saliva,
contributes to the innate host defense system, exerting
bactericidal activity, mainly on Gram-negative bacteria. It is
also believed to promote growth activity and to have anti-
tumour activity [71]. This has a close relationship (71%) with
human thyroid peroxidase, which is involved in iodination
and coupling in the formation of thyroid hormones. The high
concentrations of PGRP in camel milk, first discovered in
the same animal, have effect on breast cancer by controlling
metastasis and stimulating the host's immune response.
Generally, PGRP has a broad antimicrobial activity. N-acetyl-
B-D-Glucosaminidase (NAGase) is the milk enzyme NAGase
used as a marker for mastitis in cows [72]. When it was
first documented that camel milk was rich in NAGase, it was
assumed that those camels suffered from subclinical mastitis.
However, after checking the milk of hundreds of camels
and llamas all with high NAGase levels, it was concluded
that NAGase has antibacterial activity and so strengthened
the antibacterial and antiviral activity of the milk of these
species. It is noteworthy that the NAGase activity is similar to
that in human milk, confirming the nutritional advantages of
camel milk over cow milk [39].

Number of cases
Bacteria Clinical Mastitis Sub-Clinical mastitis Total Number (%)
Staphylococus aurius 2 171 173(21.1)
Staphylococcus hyicus. 1 206 207(25.3)
Streptococcus dysgalactiae - 28 28(3.4)
Streptococcus agalactiae. 2 24 24(3.2)
Enterococcus faecalis. - 18 18(2.2)
Sirept uberis - 7 7(0.9)
Streptococcus uberis. - 86 86(10.5)
Staphylococcus intermedius - 67 67(8.2)
Staphylococcus epidermidis - 81 81(9.9)
Corynebacterium ulcerans - 15 15(1.8)
Corynebacterium bovis. - 13 13(1.6)
Actinomyces pyogenes - 5 5(0.6)
Escherichia coli - 3(0.4)
Pasteurella haemolytica - 1 1(0.1)
Bacillus spp. - 88 88(10.8)
Total 5 813 818

Source: Woubit K, et al.

Table 2: Bacteria isolated from camels suffering from clinical and subclinical mastitis.

Camel Milk and Treatment of Crohn’s
Disease and Tuberculosis (TB)

Crohn’sisacondition due to inflammation of the digestive
system or the guts associated with autoimmune disease.
It has been observed that infection by Mycobacterium
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avium - subspecies, paratuberculosis (MAP) may lead to a
secondary autoimmune response, paving the way for Crohn’s
disease [73]. Camel milk has been identified as assisting in
the recovery processes of autoimmune diseases. It becomes
apparent, that the powerful bactericide properties of
camel milk, combined with PGRP have a quick and positive
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effect on the gut healing process. Camel milk has powerful
bactericidal properties and can rehabilitate the immune
system. It was observed that drinking non-pasteurised
camel milk is beneficial to people with a variety of symptoms
associated with an infection of the alimentary canal and
Crohn’s disease in man [74]. As this bacterium belongs to
the family of tuberculosis and as camel milk has been used
to treat tuberculosis, it becomes apparent that the powerful
bactericide properties of camel milk combined with PGRP
and its unique immunoglobulins may have a quick and
positive effect on the healing process and the restoration of
the immune system in these disease conditions [75].

Crohn’sdiseaseis a condition that causes inflammation of
the digestive system or gutand may elistautoimmune disease
condition. Ithas been proved thatinfection by Mycobacterium
avium - subspecies, paratuberculosis (MAP) may lead to a
secondary autoimmune response, paving the way for Crohn’s
disease [73]. Crohn's disease is becoming an epidemic
in many milk-consuming countries. There is increasing
evidence lately which points to primary bacterial infection
by Mycobacterium avium - subspecies paratuberculosis
(MAP) in children suffering from Crohn’s disease. It is highly
probable that Mycobacterium avium may be spread to
humans via bovine milk as it is unaffected by pasteurization.
Our studies in Uganda have shown considerable prevalence
of paratuberculosis in in cattle in some pastoral areas of
the country [76]. Apparently, MAP enters the mucosa as a
saprophyte and only becomes active when the victim is in
severe stress, leading to a secondary autoimmune response.
As MAP belongs to the family of tuberculosis and camel milk
has been used to treat tuberculosis, it becomes apparent
that the powerful bactericidal properties of camel milk
combined with PGRP have a quick and positive effect on the
healing process in patients suffering from Crohn’s disease. In
addition, camel immunoglobulins are able to attack the anti-
DNA factors in the affected patients and restore their immune
system [77]. Multi-Drug Resistant (MDR) tuberculosis is
increasing in developing and industrialised countries, seen
as cases of endemic infection and has become an increasingly
important public health problem that needs new and
innovative approaches for the diagnosis and treatment [78].
An estimated 10.6 million people fall ill with tuberculosis
(TB) worldwide. Six million men, 3.4 million women and
1.2 million children [79]. Global estimates of MDR/RR-TB
in 2021- 2022 put the number of TB cases at 450,000 [80].
The inhibition of pathogenic bacteria by camel milk was
also observed by [81,82]. In USSR, camel milk has been
used in the past in sanitoria for treating tuberculosis [77].
Patients suffering from MDR tuberculosis showed marked
improvement when their nutrition was supplemented with
camel milk. Therefore, camel milk could be an important
nutritional supplement in the treatment of MDR TB patients
[83]. However, the exact cause of improvement in patients
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taking camel milk has not been investigated in detail [40].

Camel Milk and the Treatment of Autism

Autism disease is general terms for a group of complex
disorders of brain development. The etiology of many
autistic cases is based on primary autoimmune disease,
affecting an intestinal enzyme responsible for the formation
of amino acids from the milk protein casein. Sometimes
casein in cow milk breaks down to the powerful opioid
known as casomorphine instead of primarily beta-casein and
betalactoglobulin. Casomorphine leads to typical cognitive
and behavior symptoms due to brain damage [84]. The most
prominent cerebral symptoms are caused by a malfunction
in the formation of amino acids from two caseins in cow
milk, beta-casein and beta-lactoglobulin instead, a powerful
opioid, casomorphine, is formed [85]. This opioid elicits the
cerebral symptoms of the autism syndrome.

Camel milk does not contain the two caseins that form
casomorphine from cow milk, so symptoms do not develop
[86]. In addition, camel milk contains protective proteins,
including Igs necessary for initiating the immune system
and nutritional advantages for brain development [84].
Furthermore, camel milk has emerged to have potential
therapeutic effects in autism [87]. The consumption of camel
milk in children suffering from autism has been reported
to reduce autism symptoms and improved motor skills,
language, cognition, joint coordination and skin health [88].
In one study children drinking camel milk had amazing
improvements in their behavior and learning ability [89].
The study evaluated the effect of camel milk consumption
on oxidative stress biomarkers in autistic children, by
measuring the plasma levels of glutathione, superoxide
dismutase, and myeloperoxidase before and 2 weeks after
camel milk consumption, using the ELISA technique. All
measured parameters exhibited significant increase after
camel milk consumption. Other studies have shown that
oxidative stress plays a vital role in the pathogenesis of
several neurological disorders including ASD. These studies
have shown that oxidative enzymes and Glutathione (GSH)
have a pathophysiological role in ASD. Studies that have
evaluated the effect of ASD-affected children consuming raw
camel milk show a significant decrease (P < 0.5) in the levels
of oxidative stress biomarkers (ie GHS, superoxide dismutase,
and myeloperoxidase enzymes). These findings suggest
that camel milk could play an important role in decreasing
oxidative stress by enhancing the activity of antioxidant
enzymes and the levels of non-enzymatic antioxidant
molecules, as well as the improvement of autistic behaviour
as demonstrated by the improved Childhood Autism Rating
(CARS) [90-93].
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Anti-Diabetic Properties

Traditionally people of the Middle East, India and
Pakistan believe that regular consumption of raw camel milk
helps in the prevention and control of diabetes. Despite the
fact that human, bovine and goat milk contain insulin, it is
degraded by the acid and enzymes in the gastric environment
when ingested. This does not occur with camel milk which
appears not to be affected by gastric acid and no coagulum
is formed [94]. The insulin in camel milk possesses special
properties that make its absorption into circulation easier
than insulin from other sources. Furthermore, camel insulin
is encapsulated in nanoparticles (lipid vesicles) or contains
insulin-like small molecular weight substances that mimic
insulin that make it possible to pass through the stomach
and into the circulation without being damaged [95]. It is
also probable that some other bio-molecules in camel milk
make it anti-diabetic, but this could be a subject of further
research. The sequence of camel insulin and its predicted

digestion pattern do not suggest differentiability to overcome
the mucosal barriers before it is degraded and reaches the
bloodstream. It is also probable that nanoparticles in camel
milk are capable of transporting this hormone into the
bloodstream [96]. Possible molecular targets of camel milk
in the context of diabetes has been postulated by in (Figure
3) and (Table 1). At the molecular and cellular levels, recent
work has shown that Camel Milk proteins and derived
peptides pharmacologically target insulin receptor leading
to its activation and the potentiation of the insulin-mediated
responses. This leads to glucose uptake via the glucose
transporter GLUT4; or the activation of GLP-1 receptor in the
pancreatic beta cells leading to increase in insulin synthesis
and secretion, or by inhibiting the enzyme DPP-4 which
results in the increase of GLP-1 levels controlling insulin
synthesis and secretion via binding and activation of its
receptor (GLP-1 receptor).

Figure 3: Possible molecular and cellular targets of Camel Milk (CM) in the control of diabetes, mediated through targeting
and/or activating (+) the insulin receptors in the insulin-sensitive cells. This leads to increased glucose uptake via the glucose
transporter GLUT4; or activates GLP-1 receptor (+) in the pancreatic-b cells and increases insulin synthesis and secretion,
leading to increased levels of insulin and enhanced glucose uptake; or by inhibiting the enzyme DPP-4 which results in the
increase of GLP-1 levels controlling insulin synthesis and secretion via binding and activation of its receptor (GLP-1 receptor)
and leading to increased glucose uptake. Adopted from Anwar B, et al. [97].

A long-term study by to assess the efficacy, safety and
acceptability of camel milk as an adjunct to insulin therapy
in type 1 diabetes, showed that in the group that took camel
milk, there was a decrease in mean blood glucose (118.58+19
t093.16£17.06 mg/dl), haemoglobin Alclevels (7.81£1.39 to
5.4440.81%) and insulin doses (32.50+£9.99 t017.50+12.09
U/day, P<0.05). Out of 12 subjects receiving camel milk, the
insulin requirement in 3 subjects was reduced to zero. There

William Olaho M. Nutraceutical Benefits, Public Health and Dietary Implications of Drinking Raw

Camel Milk - A Review. ] Vet Sci Res 2024, 9(2): 000277.

was a non-significant change in plasma insulin and anti-
insulin antibodies in both groups. Camel milk is therefore
safe and efficacious in improving long-term glycaemic
control, with a significant reduction in the doses of insulin
in type 1 diabetic patients. In India, a comparison between
conventionally treated juvenile diabetes with those who
drank camel milk showed that the group that drank camel
milk had significantly reduced blood sugar and reduced
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HbA1C levels [97]. The amounts of injected insulin were
also significantly reduced. In Israel, diabetics drinking camel
milk showed similar results as in the clinical trials. A case
in particular was a young girl who started drinking camel
milk within 2 weeks of the diagnosis and after 8 weeks she
was getting a minimal dose of insulin while her blood sugar
declined to 80mg% and HbA1C to 7. These and many other
clinical cases show that regular consumption of raw camel
milk helps in the prevention and/ or control of diabetes.

Hypoallergenic Effect and Treatment for
Milk Allergies

The milk protein called B-lactoglobulin present in cow
and mare milkisresponsible forallergies in humans. However,
camel milklacks this protein and thus does not cause problem
of allergies in sensitive individuals. - Casein present in cow
milk also causes hypersensitivity into humans. Beside, camel
milk contains B - casein, but its structure is very different
from the cow milk protein. Phylogenetic differences could
be responsible for the failed recognition of camel’s proteins
by circulating IgEs and monoclonal antibodies. Children
with severe food allergies improved rapidly with camel milk.
It appears that camel milk has a positive effect in children
with severe food allergies [24]. According to the absence
of immunological similarity between camel and cow milk
proteins may be taken an important criterion from clinical
point of view. Therefore, camel milk may be suggested as a
new protein source for nutrition for children allergic to cow’s
milk. A person allergic to cow milk will develop an allergic
reaction after ingesting buffalo, goat, sheep and horse milk
proteins due to the presence of positive immunological
cross-reaction in these species. Camel milk does not contain
the allergens which are present in ruminant milk. So, camel
milk is recognized as a good substitute for human milk as
it does not contain (- lactoglobulin, a typical milk protein
characteristic of ruminant milk [98]. Another fact is that the
components of camel milk include immunoglobulins similar
to those in a children mothers’ milk, which reduce children’s
allergic reactions and strengthen their future response
to foods. It appears that camel milk has a positive effect in
children with severe food allergies. The reactions are rapid
and long lasting [98]. Camel’s milk therefore could be used
as an option for the individuals’ intolerant to lactose of
cow’s milk [99]. Camel milk contained low lactose of small
molecules and easily digests and metabolizsed by the human
body [100]. Individuals intolerant to lactose are able to
accept camel milk without adverse symptoms [101].

Human milk provides the ideal nutrition for
newborn infants during the early stage of life because of
hypoallergenecity to infants. Hypoallergenicity of mother’s
milk was reported to be due to the high percentage of
b-Cacein, low percentage of a-s-Cacein, deficiency of beta-
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lactoglobulin and similarity of the immunoglobulins [98].
Bovine milk shows a high incidence of allergenicity in infants
because of the high percentage of a-s-Cacein and beta-
lactoglobulin in milk proteins. However, some infants are
only partly breast-fed, or not at all [102]. Hence, different
alternatives to human milk could be employed, such as soy
milk and extensively hydrolysed milk protein formulae [102].
However, researchers report that 10-20% of children allergic
to bovine milk are also allergic to soy derivatives Camel milk
has been reported to lack b-lactoglobulin and 2 cacein [103-
105]. These are two powerful allegens found in bovine milk
and responsible milk allergy in some of the children who
drink bovine milk. Phylogenetic differences between the
camel and human immune systems could be responsible
for the failed recognition of camel proteins by the human
immune system [106,107]. Studies have also shown that
children with severe bovine milk allergies improve rapidly
when they switch to camel milk and (Table 1). This makes
camel milk attractive for children suffering from bovine milk
allergies [108].

Anti-Cancer Potential of Camel Milk

Camel milk has a number of biomolecules with
promising capacity to modulate, slow and/ or inhibit cancer
cell growth. Camel milk regulates the apoptotic pathways,
thereby stopping the cancer cells’ proliferation [46,109].
The influence of camel milk to inhibit human cancer cells’
proliferation, utilizing an in vitro model of the human
hepatoma (HepG2) and human breast (MCF7) cancer cells
was reported by [109]. Interestingly, both camel urine and
milk have anti-cancer effects by inhibiting angiogenesis
[110]. Based on the above studies and observations,
it was concluded that camel milk proteins can inhibit
cancer cell growth via different mechanistic approaches,
including apoptosis, antiangiogenesis, and cytotoxicity
and antioxidant effects. The in vitro and in vivo studies
showed that camel milk could be used to treat breast cancer,
liver cancer, leukaemia, nasopharyngeal carcinoma and
colorectal cancer. However, further in vivo clinical trials for
cancer treatment with camel milk should be carried out to
substantiate these claims. They observed that camel milk
inhibited the proliferation of HepG2 and MCF7 cancer cells
by activating the caspase-3 mRNA and inducing the death
receptors in HepG2 and MCF7 cell lines. Consequently, the
expression of oxidative stress markers, heme oxygenase-1
and ROS production was enhanced by camel milk in HepG2
and MCF7 cell lines [111]. Apparently, camel milk induced
the cell surface death receptor-4 (DR4) mRNA, which is
involved in the activation of caspase-3, in mice HepG2 and
MCF?7 cells and also associated with apoptotic induction,
which in addition activates the caspases [109,112,113]. The
levels of ROS production and oxidative stress biomarkers
were also enhanced in the HepG2 and MCF7 cell lines treated
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with camel milk [111]. Camel Peptidoglycan Recognition
Protein (PGRP) which has a broad antimicrobial activity and
has also the ability to control cancer metastasis. Camel milk
lactoferrin prevents the proliferation of colorectal cancer
cells and exerts antioxidant and DNA damage-inhibitory
properties in cancerous cells [114]. The camel milk caseins
and whey proteins have been shown to have cytotoxic and
antioxidant activities against the MCF7 cells [115]. Camel
milk regulates antioxidants and apoptosis and inhibits the
survival and proliferation of HepG2 and MCF7 cells through
intrinsic and extrinsic pathways.

Some of the anti-cancer properties of camel milk are
associated with its strong antimicrobial and anti-oxidative
activities that help in reducing liver inflammation. Camel
milk also has many nutrients that are required for healthy
liver function. Examination and investigation of the
molecular mechanisms that govern the effect of camel milk
on human cancer cells and the functional properties of
camel milk lactoferrin (Figure 2) (Table 1) showed that the
main iron-binding protein of the milk is lactoferrin and the
latter had a 56% reduction of cancer growth. These studies
clearly demonstrated that camel milk induces apoptosis in
human hepatoma (HepG2) and human breast (MCF7) cancer
cells through apoptotic and oxidative-stress-mediated
mechanisms [116]. In addition demonstrated that camel
milk also has antigenotoxic and anticytotoxic effects through
the inhibition of micronucleated polychromatic erythrocytes
(MnPCEs) and that this may improve the mitotic index
of bone marrow cells [117]. Furthermore examined the
proliferation viability and migration of human colorectal
HCT 116 and breast MCF-7 cancer cells in response to
camel milk. They observed that camel milk also significantly
regulates the cytotoxicity in HCT 116 and MCF-7 cells. A
decrease in viability, migration and proliferation of HCT
116 and MCF-7 cells was especially observed in response
to higher concentrations (100 and 250 pL/mL after 48 h)
of camel milk. It was further observed that camel milk can
induce autophagy in HCT 116 and MCF-7 cells, similar to
many other anti-cancer agents that facilitate autophagic
fluxes in cancerous cells [118].

The whey protein in camel milk influences acute myeloid
leukaemia cells. The whey protein interrupts the connection
between PI3 Kinase (PI3K) and B-cell lymphoma 2 (BCL-2)
signals and down-regulates their expression to initiate the
process of apoptosis in primary acute myeloid leukaemia
(AML) cells [119]. The higher expression of PI3K and BCL-2
(anti-apoptotic genes) was noticed in AML patients, which
increased the survival of AML cells. In addition, the higher
expression of PI3K and BCL-2 was associated with chemo-
resistance and tumorigenesis [120]. Previous reports have
shown that camel whey protein significantly enhances
antioxidative stress and helps in the recovery of damaged
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immune organs by lowering the expression of the anti-
apoptotic BCL-2 [121,122]. In the same studies, the whey
proteins mediated the migration of B and T cells towards the
site of antigen recognition in lymphoid organs.

The alpha-lactalbumin (a-LA) protein isolated from
camel milk has also been explored for its important role
as an anti-cancer agent, which is due to its ability to bind
oleic acid (OA) [123]. Recently, the antitumor effect of OA in
tongue squamous cell carcinoma (TSCC) was examined. It
was revealed that OA increased apoptotic cells, suppressed
cyclinD1 and BCL-2, enhanced the expression of p53 and
cleaved caspase-3 [124]. The anti-cancer activity of the OA-
a-cLA complex has been studied in four human cancer cell
lines (Caco-2 colon cancer cells, PC-3 prostate cancer cells,
HepG-2 hepatoma cells and Michigan Cancer Foundation-7
(MCF7)). The OA-a-cLA complex caused cancer cell death
through the induction of apoptosis and cell-cycle arresting,
which inhibited the tyrosine kinase (TK) activity of human
cancer cells [123,125]. After binding with a-lactalbumin
and lactoferrin, OA forms complexes and selectively targets
the malignant cells without causing toxicity in normal cells
[125].

Cancer

Cell death

Figure 4: Possible pathways and targets of anti-cancer
properties of camel milk. Camel milk regulates the
apoptosis in cancer cells by using Extrinsic signalling to
mediate Reactive Oxygen Species (ROS) production and
mRNA expression of DR4. Further, the ROS and DR4 JNK
activate and caspases to regulate the process of apoptosis.
Camel milk also inhibits carcinogenesis via intrinsic
pathways by down regulation of cytochrome P4501A1
and upregulation of NQQ1 and Glutathion S-Transferase
(GSTA1), which provides protection against cancer.
Modified after Khan, et al.

Consistently documented the anti-cancer effect of camel
milk and its ex- osome on in vitro and in vivo MCF7 cells
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[126]. In brief, the supplementation of camel milk and its
exosomes (per os and by injection) significantly decreased
the progression of breast cancer cells, thereby enhancing
apoptosis by increasing the expression of caspase-3 activity
and BCL2-associated X protein (Bax) and lowering the
expression of the BCL-2 gene. Besides, camel milk and its
exosomes inhibited the oxidative stress- (MDA, inducible
nitric oxide synthase (iNOS), inflammation- (interleukin
1B (IL1B), NF-kB), angiogenesis- (VEGF) and metastasis
(intercellular adhesion molecule 1 (ICAM-1) and matrix
metalloproteinase 9 (MMP-9)-associated genes [126]. The
camel milk and its exosomes significantly improved the
activities of antioxidant enzymes (SOD, CA, and GPx) in
MCF7 cells. Altogether, the inhibitory effect of camel milk
and its exosome on cancerous cells is due to the induction
of apoptosis and antioxidative effects. It was experimentally
proved that cisplatin in combination with camel milk
inhibited hepatocarcinogenesis in rats after initiating cancer-
inducing diethylnitrosamine, which is due to the antioxidant
effect of camel milk [127].

Improvement of Arthritis

The high content of lactoferrin in camel milk acts as
an anti-inflammatory agent by inhibiting the formation of
hydroxyl free radicals and as a chelating protein by removing
free iron from the joints of the affected arthritic patients.
This has been reported to improve the arthritic condition of
human patients making camel milk a promising adjunct to
the magagement of arthritis in humans [128,129].

Angiotensin I-Converting Enzyme (ACE)
Inhibitor Activity

Angiotensin I-Converting Enzyme (ACE) (Peptidyl
Dipeptide Hydrolase, EC 3.4.15.1) is one of the major
regulators of blood pressure in humans and was
characterised by Quan S, et al. [130] as “an exopeptidase
that cleaves dipeptides from the C-terminal ends of various
peptide substrates and regulates the activity of several
endogenous bioactive peptides”. ACE-inhibitory peptides
present in the primary structure of various food protein
sources including milk proteins have also been found in
fermented camel milk [131-134]. These bioactive peptides
have been reported to have health benefits in humans [135].
Lactobacillus helveticus 130B4 was used to release the ACE-
inhibitory peptides from camel milk proteins; the amino acid
sequence of which was identified as Ala-Ile-Pro- Pro-Lys-
Lys-Asn-Gln-Asp [130]. The mechanism of ACE-inhibitory
activity was reported to depend on the structure-activity of
the ACE-inhibitory peptide by binding to the active site of
the ACE. The C-terminal sequence of these ACE-inhibitory
peptides was found to play a predominant role in the binding
to the ACE [136].
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Hypocholesterolemic Effect

Different hypotheses have been proposed as regards
the hypocholesterolemic effect of camel milk, including the
interaction between bioactive peptides derived from camel
milk proteins and cholesterol which result in cholesterol
reduction and the presence of orotic acid in camel milk which
is thought to be responsible for lowering cholesterol levels
in human subjects and in rats [137-140]. This propensity of
camel milk to lower cholesterol levels has a beneficial effect
on coronary heart disease which is one of the major causes
of death in industrialized countries [141]. Elevated levels
of blood and dietary cholesterol are considered to be one
of the major risk factors for coronary heart disease [142].
The administration of fermented camel milk containing
Bifidobacterium lactis (BB-12) has been reported to possess
a hypocholesterolemic effect in vivo in rats [143]. This strain
was previously shown to reduce cholesterol in bovine milk
and MRS broth as well as in trypticase-peptone yeast extract
medium [144].

Therapuetic Effect Camel Milk on Hepatitis

Scientific publications have shown that camel milk cures
both hepatitis B and hepatitis C. The special fat in camel milk
soothes the liver and has beneficial action on chronic liver
patients [145]. There is also a possibility that the relatively
high concentrations of ascorbic acid in camel milk helps
in improving liver function. But Subsequent studies have
shown that camel lactoferrin markedly inhibits hepatitis C
virus genotype 4 infection through preventing the entry of
the virus into the cells. Additionally, camel lactoferrin is more
potent anti-viral agent than bovine and human lactoferrins,
even its anti-parasitic action can clear Schistosoma Mansoni
[146,147].

Camel Milk Effect as Anti-Aging

Researchers that the ingredient’s vitamin B, C carotin and
iron content have crucial for skin. The milk contains lanolin
and other moisturizing properties providing a calming and
soothing effect on the skin. In addition to keeping the skin
beautiful used to treat skin disorders such as dermatitis,
Acne, Psoriasis and Eczema. Moreover, camel milk is natural
source of alpha-hydroxy acids well known for softening the
skin, keeping it supple, smooth and preventing wrinkles.

The effect of camel milk as anti-aging has been studied
and shown that when camel milk is consumed and digested,
the produced peptides start to act as natural antioxidants
and ACE-inhibitors. Camel milk is good for anti-ageing as
the high levels of vitamin C protect collagen [148]. Vitamin
C in camel milk has antioxidant and tissue repair protection
activities. Vitamin C is an essential water soluble vitamin
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that helps protect the immune system. According to Natural
Standard Research, Vitamin C is necessary in the body for
the production of collagen, a protein that aids in the growth
of cells and blood vessels and gives skin its firmness and
strength. Collagen is found in the skin, joints and cartilage; by
increasing the production of collagen. Vitamin C strengthens
the structural support and resiliency of skin so helps repair.
Vitamin C is an antioxidant that slows the rate of free-radical
damage which causes skin dryness, and wrinkles Vitamin C
can literally reverse skin aging [149].

Camel milk has anti-aging effect due to presence of
a-hydroxyl acids which are known to plump the skin and
smoothies fine lines. Alpha- hydroxyl acids help to shed
the outer horny layer of dead cells on the skin (epidermis)
by helping to break down sugars, which are used to hold
skin cells together. This helps in revealing new cells, which
are more elastic and clear. Alpha-hydroxyl acids helps to
eliminate wrinkles and age spots and relieve dryness as
they make the outer layer of the skin thinner and support
the lower layer of the dermis by making it thick. In addition,
liposome occurring in camel milk is applicable for a potential
cosmetic ingredient to improve anti-aging effect [150].

Public Health and Dietary Implications of
Drinking Raw Camel Milk

Though there is evidence that camel milk has promising
nutraceutical qualities that could be harnessed to improve
human health and dietary requirements, drinking it in
the raw form may present some challenges as it has been
reported to contain micro-organisms that are pathogenic
to man. Pathogenic bacteria present in raw milk could be
due to contamination from four main sources, namely:
within the udder, outside the udder, from the milk man and
from the surface of equipment used for milk handling and
storage. The detection of the presence of harmful pathogenic
microorganisms is evidence of unhygienic milk production
conditions [151]. Moreover, there are no specific standards
for camel milk and much national milk regulatory bodies in
all developed and developing countries have requirements
for camel milk based on those for bovine and other ruminant
milk, notwithstanding that, every aspect of camel milk is
different from that of these animals [27]. Its use in the raw
form has therefore received stiff public health resistance as
laws usually demand pasteurization before it is consumed.
Pasteurization may destroy most of the nutraceutical
benefits inherent in raw milk. As camel milk has powerful
antimicrobial properties it has been suggested that if
checked for pathogens and found to be “pathogen and drug
residue-free” it could be declared fit for human use. However,
in order to make the milk pathogen and residue-free, a high
level of hygiene and the controlled use of veterinary drugs
under the supervision of qualified veterinarians and regular
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monitoring is required [152]. The notable disease-causing
bacteria which have been detected in camel milk include: E.
coli (STEC), Campylobacter spp, Salmonella, Brucella spp,
Staphylococcus spp, Listeria spp, and coliforms. However,
in camels suffering from subclinical mastitis, the types of
disease-causing bacteria may be more as shown in Table
2, which increases the risk of contaminating the milk and
contracting infection if such milk is drunk in raw form.
Coliforms are normal inhabitants of the large intestine and
their presence in milk could indicate fecal contamination
[153].Inone studyin Ethiopia, 108 (85.7 %) of raw camel milk
samples analysed demonstrated bacterial contamination
[154]. The overall mean Total Bacterial Count (TBC) and
Coliform Count (CC) of contaminated raw camel milk samples
was 4.75 * 0.17 and 4.03 = 0.26 log CFU/ml, respectively.
TBC increased from udder to market level and was higher in
Gursum compared to Babile districts of Ethiopia (P < 0.05).
Around 38.9 % of TBCs and 88.2 % CCs in contaminated raw
camel milk samples were in the range considered unsafe
for human consumption. Staphylococcus spp. (89.8 %),
Streptococcus spp. (53.7 %), E. coli (31.5 %), Salmonella spp.
(17.6 %), Klebsiella spp. (5.6 %) and Enterobacter spp. (5.6
%) were the major bacterial microorganisms isolated. These
findings point to the risk of drinking raw camel milk if not
hygienically handled.

Viruses, like Middle Eastern Respiratory Syndrome
virus (MERS-CoV) and mycotoxins (eg. aflatoxin), have
been reported in camel milk [155,156]. The World
Health Organisation (WHO) recommends, as part of their
management of MERS-CoV, that milk be pasteurized as there
is still nutritional benefit after heat treatment. Therefore
more research is needed into the health benefits and risks of
drinking raw camel milk. Standards for microbial and drug
residue limits specific to camel milk need to be developed
and studies should identify the main points of contamination
in the camel milk value chain to inform the implementation
of hazard reduction and control measures [151].

Conclusions

The camel is endowed with huge milk productive,
nutritional and nutraceutical potential; and has been utilised
by humans for transport, medicine, food and skin care
for many years by the people living in the ASALs of Africa
and Asia. The milk production of the camel has gradually
increased due to an increased demand by consumers in
recent years. This has been due to its valuable nutritional and
therapeutic properties contained in its bioactive molecules
with antimicrobial, antioxidant and other substances and
biomolecules properties like vitamins, immunoglobulins,
insulin, microelements, and enzymes in comparison to the
milk of other ruminants. Regular intake of camel milk has
been reported to improve human health and to ameliorate
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conditions like blood pressure, diabetes, allergy, etc. In vitro
and in vivo studies have proved a few of the medicinal claims
of camel milk. However, detailed in-vivo and in-vitro studies
will still be warranted to substantiate most of the medicinal
claims attributed to the milk of this valuable animal. Since
most of the nutraceutical qualities are in raw camel milk,
the public health challenges of drinking raw camel milk
will have to be addressed to safeguard the health of the
consumers. Alternatively, the bioactive factors associated
with the nutraceutical properties of camel milk should be
isolated, characterised and standardised and genes encoding
their synthesis identified for in vitro expression and mass
production for safe medical application.

The increasing global demand for camel milk will be a
boon to the camel dairy industry and will fetch a premium
price for its products. This calls for countries with potential
for camel production especially in Africa, to seriously
invest in camel milk production, and value addition for
its nutritional and nutraceutical use, while taking care of
sanitary requirements to ensure safety of human lives.
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