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Abstract: Recently, camel milk (CM) has been considered as a health-promoting icon due to its
medicinal and nutritional benefits. CM fat globule membrane has numerous health-promoting
properties, such as anti-adhesion and anti-bacterial properties, which are suitable for people who
are allergic to cow’s milk. CM contains milk fat globules with a small size, which accounts for
their rapid digestion. Moreover, it also comprises lower amounts of cholesterol and saturated fatty
acids concurrent with higher levels of essential fatty acids than cow milk, with an improved lipid
profile manifested by reducing cholesterol levels in the blood. In addition, it is rich in phospholipids,
especially plasmalogens and sphingomyelin, suggesting that CM fat may meet the daily nutritional
requirements of adults and infants. Thus, CM and its dairy products have become more attractive
for consumers. In view of this, we performed a comprehensive review of CM fat’s composition and
nutritional properties. The overall goal is to increase knowledge related to CM fat characteristics
and modify its unfavorable perception. Future studies are expected to be directed toward a better
understanding of CM fat, which appears to be promising in the design and formulation of new
products with significant health-promoting benefits.

Keywords: camel milk; milk fat globules; cholesterol; fatty acids; phospholipids;
health-promoting benefits

1. Introduction

Understanding the relationship between components of milk fats, diet, and health
is now known to be one of the key concepts to a better lifestyle, disease prevention, and
well-being promotion. Milk consumption for all mammals except cows has increased
by 17% in the last 50 years in all countries [1]. Camels are a cultural, economic, and
health-promoting icon [2] with an estimated worldwide population of over 35 million [3].
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There are two species of camels: one-humped camels (Camelus dromedarius) and two-
humped camels (Camelus bactrianus) [4]. Camel milk (CM) is an essential food source in
arid and semi-arid areas, as cow milk is not always available in these areas due to a lack
of adaptation mechanisms. Despite these conditions, CM has been considered as one of
the best alternatives to feed adults and infants [5,6], as well as for the production of many
dairy products such as yogurt, cheese, cream, and butter [7]. Besides its nutritive value,
CM has also long been recognized for its health benefits by nomadic people for centuries,
and recent studies have revealed its potential value in the treatment of a variety of human
diseases such as asthma, tuberculosis, jaundice, and gastrointestinal diseases [8]. However,
despite these interesting properties and applications, it has not received as much attention
as cow milk.

Reported data collected from 121 references published between 1905 and 2019 showed
that the mean and standard deviation of components in CM were 12.2 ± 1.62% total solids,
3.28 ± 0.59 protein, 4.47 ± 0.66 lactose, 0.81 ± 0.19 ash, and 3.68 ± 1.00 fat (Figure 1A) [9].
CM fat exists as milk fat globules (MFGs) in the water, with a size ranging from 1.1 to
2.1 mm, which is lower than those of buffalo (3.9–7.7 mm), cow (1.6–4.9 mm), and goat milk
(1.1–3.9 mm) [10], justifying its faster digestion rate in comparison to other mammalian
milk. MFGs are covered with a layer of a surface-active substance called milk fat globule
membrane (MFGM), and they have many nutritional and health roles. Similar to other milk
types, the composition of CM fat constantly changes as a result of many environmental
and physiological influences [11–13]. Such chemical changes affect its physical properties
and its dairy products [12,14]. Fat is an important component of CM, including a complex
mixture of natural fats (i.e., triglycerides, phospholipids, cholesterol, and other elements),
representing one of the sources of energy, in addition to fat-soluble vitamins. Moreover,
CM fat is an excellent source of essential fatty acids (EFAs) [12,15] and may meet the
daily nutritional requirements of countries whose traditional diet is high in carbohydrates.
Indeed, the consumption of human milk in these countries commonly leads to a low
level of EFAs, such as alpha-linolenic acid (ALA) and linoleic acid (LA) [16,17]. Another
characteristic lipid profile of CM includes its good source of polyunsaturated FAs (PUFAs)
i.e., ALA, eicosapentaenoic acid (EPA), and arachidonic acid (AA) [18–20], compared to
other mammalian species of milk, posing it as a better fat source for individuals at risk of
lipid-related cardiovascular diseases [21,22]. It should be noted that CM cholesterol level is
contradictory if compared to cow milk [11,14,23,24]. Despite some contradictory reports,
several researchers have demonstrated that CM (both fresh and fermented milk) reduced
the development of hypercholesterolemia in rats [25–28].

CM fat was reported to act as an emulsifier more than human or cow milk because
it contains almost 1% of its total lipids as phospholipids (PLs) [6]. Furthermore, it was
reported that the amount of plasmalogen and sphingomyelin (SM) were similar in camel
and human milk [6]. For this reason, it can be useful in newborn nutrition if the PLs are
purified and concentrated and used to complement human milk fortifiers or produce novel
milk replacements.

On the basis of the aforementioned information, it is evident that the CM fat compo-
nents are quite comparable to human and cow milk. Nevertheless, the majority of studies
have focused on the fat composition of cow and human milk, with less reported regarding
CM. The objective of the present review is to highlight the reports currently available on
the detailed composition and nutritional value of CM fat for improved utilization in dairy
industries with focus on the recent findings of its applications.
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Figure 1. (A) Chemical composition of camel milk. (B) Composition of milk fat globule membrane in camel 
milk. The charts were created considering the data reported in Ref. [9] (A) and [29] (B). 
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Figure 1. (A) Chemical composition of camel milk. (B) Composition of milk fat globule membrane in camel milk. The charts
were created considering the data reported in Ref. [9] (A) and [29] (B).

2. The Health-Promoting Properties of CM Fat

Over the last 150 years, the diet of Western societies has witnessed changes, being
shifted towards a high intake of saturated FAs (SFAs) with low amounts of n-3 and n-6
FAs due to the consumption of modern fast and processed food [30,31]. Furthermore,
the hydrogenation technique has permitted vegetable oils to solidify and be marketed as
shortening or margarine, and therein it is being used in foods [32]. During the same period,
cow milk and its products have been widely investigated. On average, cow milk contains
70% SFAs, 25% monounsaturated fatty acids (MUFAs), and 5% polyunsaturated fatty acids
(PUFAs) [33], whereas the ideal FAs profile, from a human health perspective, should be 8%
SFAs, 82% MUFAs, and 10% PUFAs [34]. As a result, milk fat (butter) has been criticized
for its unfavorable FA profile. However, CM, especially its fat component, has received
little attention. In addition, CM has a long history of negative perception, with the belief
that it is low in fat and has high levels of cholesterol.

In recent years, a large amount of consideration has been devoted to the design of
low-saturated and high-unsaturated (UFAs) dairy products with a high level of bioactive
components. In addition, considerable progress has been made in identifying the broad
array of components found in milk fat. Thus, numerous research on CM fat and its impact
on human health have been done. A positive relationship was found between CM and
human health, leading to a drastic change in the recognition of the fat components of CM
and considering it as a healthy food. CM fat differs from other mammalian milk fats due
to its globule’s small size, which guarantees its easy digestion by humans (Figure 2A). In
addition to its lower SFA content, CM has a higher level of MUFAs and PUFAs compared to
cow milk (Figure 2B). The long-chain FAs (LC-FAs) and UFAs in CM are the most abundant,
giving it a special ability to reduce the incidence of fat-related cardiovascular diseases by
35–50% [21]. Interestingly, CM fat is richer in conjugated linoleic acid (CLA) compared to
human milk [35,36]. CLA has been recognized for its benefits in lowering blood glucose
levels and is believed to prevent osteoporosis, enhance fat metabolism, and activate the
immune system [37]. Furthermore, it is said to prevent the occurrence and progression of
cancers of the stomach, colon, breast, and skin. In addition, the isomers of CLA are known



Foods 2021, 10, 2158 4 of 27

to play a role in preventing obesity [38]. The distribution of three main FAs in CM fat
differs considerably between human milk fat and cow milk fat (Figure 2C). CM fat has a
lower SFA level than human and cow milk fat but a higher MUFA concentration, while the
amount of PUFAs linked to the sn-2 position differs between CM fat (6.27%), cow milk fat
(3.02%), and human milk fat (10.64%) (Figure 2C). In comparison to human and cow milk
fat globules, CM fat globules contain a significant quantity of PLs (Figure 2D). In agro-food
or clinical nutrition, PLs are one of the most essential functional lipid components [39].
Another advantage is that CM has a lower overall cholesterol level (5.64–3.18 mg/100 g)
than cow milk (8.51–9.07 mg/100 g). In addition, this content fits well within the recent
vision of the dairy industry, which is interested in designing and formulating products that
integrate certain bioactive components obtained from milk. Generally, CM fat is considered
to have many medical properties as it has been identified for its anti-diabetic [40], antibac-
terial [41], antiviral [42], anti-inflammatory [43], antihypertensive [44], and hypoallergenic
properties [21].
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3. Composition and Functional Properties of CM Fat Globule and Membrane

Milk is a lipid-in-water emulsion that plays an important role in human nutrition.
MFGs are a combination of proteins and lipids with nutraceutical characteristics linked to
the MFGM, which preserves them and prevents coalescence.

3.1. CM Fat Globule Membrane

The complex MFGM architecture ensures stable dispersion of MFGs in milk through
polar lipids and glycoproteins present in the membrane, inducing electrostatic and steric
repulsion, in addition to its nutritional and health effects inside the body. According
to Lindmark Månsson [46], fats account for 30% of the membrane and can be divided
into three types (i.e., phospholipids (25%), cerebrosides (3%), and cholesterol (2%)), while
proteins make up the remaining 70% of the membrane. Recently, increasing attention
has been paid to the components of MFGM, especially to their protein components [47].



Foods 2021, 10, 2158 5 of 27

MFGM proteins, which account for 1–4% of the total milk protein, differ depending on
the breed [48]. The proteins of camel MFGM are mainly involved in protein processing,
bio-synthesis of fat, and actin cytoskeleton organization [47,49]. The main MFGM proteins
are FAs synthase, xanthine oxidase, butyrophilin, lactadherin, and adipophilin [49]. During
the secretion of the MFGs [50], the localization of the proteins differs: some are related to
the inner monolayer membrane, while others to the outer bilayer membrane [51,52]. Camel
MFGM proteins have been investigated in order to explain MFGM structure and how the
proteins vary between the different species [47–49].

For example, Saadaoui et al. found 322 functional groups in the CM MFGM by SDS-
PAGE separation and liquid chromatography–tandem mass spectrometry (LC–MS), with
more than 50% of MFGM proteins being found to belong to the plasma membrane [49].
In 2015, Yang et al. compared the different mammalian MFG proteins using an isobaric
tag for relative and absolute quantification (iTRAQ) proteomic approach. As a result,
profiles of MFGM proteins from camels, horses, and humans were found to have a distinct
composition compared to all the other studied species [47]. The study of Laadhar Karray
et al. provides information on the chemical composition of camel MFGM (Figure 1B), its
mechanical properties, and the effect of various temperatures on MFGM physical properties.
The results showed that camel MFGM has a much lower protein content than cow MFGM,
but it is a good source of PLs [29]. Hence, further studies are needed to investigate and
comprehend the processing effect on the MFGM functionality, as well as the physical
properties of MFGM in CM, which can be employed as a guide for food production.

Structurally, the MFGM consists of a PL monolayer derived from the endoplasmic
reticulum and an outer bilayer, coming from the plasma membrane during budding,
with varying concentrations of energized cytoplasm between the layers [53]. Microscopic
examination showed that the MFGM in CM was thicker than that in cow milk [54,55],
which contributed to camel milk’s improved stability in emulsions. However, the thickness
of MFGM and relatively small size of fat globules made it difficult to separate the milk
cream portion [56].

Finally, it has been suggested that MFGM proteins may be exploited to make products
rich in MFGM fraction to boost the immune system, control cholesterol metabolism, and
provide the body with beneficial polar lipids [57]. Moreover, the MFGM protects the
triglycerides from lipolysis and auto-oxidation before the actual digestion [58]. As a result,
MFGM protein is used in the dairy industry, particularly in infant formula supplements.
In addition, it has numerous health-promoting properties, such as antiviral [59], anti-
cancer [60], and anti-inflammatory effects [61]. Thus, future research will most likely focus
on a deeper comprehension of MFGM proteins in CM as well as their possible biological
roles.

3.2. CM Fat Globules

A significant component in milk that attracts attention is the MFG. It plays a prominent
role in the nutrition and technology of dairy products. The MFG comprises a neutral fat
core composed of 98.99% triacylglycerols (TAGs) [62]. Its biogenesis begins either inside
the endoplasmic reticulum or in close proximity [63,64], further being transferred to the
apical side of the cell upon release from the endoplasmic reticulum and it increases in size
by MFGs fusion [65].

In the literature, much data about the average diameter of CM fat globules has been
reported. According to Farah and Rüegg [55], it is 2.61 µm, whereas another study reported
that roughly 55% of the population had a volume diameter of less than or equal to 2 µm [54].
El-Zeini et al. stated that most CM fat globules have a diameter of 2 to 4 µm, accounting
for 61% of the population [66]. In 2020, Habtegebriel et al. used laser diffraction to study
the colloidal size distribution of MFG [67], providing evidence that almost 50% of the
population exhibited a size less than 2.68 µm. Summarizing the collected literature data,
we find that the MFG diameter generally ranges from 0.1 to 10 mm, with an average
value of about 4 mm, depending on animal breed, with the size of the fat droplet found to
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increase during lipid biosynthesis. Previous studies highlighted some profound differences
in physical and chemical properties of the camel MFG compared to the other types of
mammalian milk. These differences are mainly due to camel MFG being smaller in size
in comparison to other milk-derived mammals [10,45,66]. For example, the average MFG
size in C. dromedarius in India, measured using confocal laser scanning microscopy, was
1.1–2.1 mm, thus smaller than that of buffalo (3.9–7.7 mm), cow (1.6–4.9 mm), and goat
(1.1–3.9 mm) milk [10]. A similar average MFG size was found in C. bactrianus milk fat
(1.80 µm) [68]. It is important to prove that the size of the original MFG affects the physio-
chemical properties and, in particular, the milk digestibility, which is inversely proportional
to the size of the fat globules [69]. Indeed, in vitro study conducted by Meena et al. [10]
showed that the CM fat has higher fat digestibility compared to the cow and buffalo milk
due to the small size of MFG (Figure 3), taking into account that the fat digestion typically
occurs in both the stomach and small intestine [58,70]. However, there was no significant
difference (p > 0.05) among them in the release of FAs at the end of lipid digestion (Figure 4).
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There is also a connection between the MFG size and the amount of FAs in the milk fat.
CM, which has the smallest MFG size range among all the major dairy species [6,10,45,66],
has a high level of UFAs and relatively little short-chain FAs [19]. These results suggest
that UFAs is inversely connected to the size of the MFG in CM compared with other types
of mammalian milk (Figure 2A) [45]. In general, variations in the phenotypes of small
and large MFG reflected the differences in the FA content. It was also observed that the
MFG size distribution for camels was similar to the MFG size distribution for other milk
species [71]. The high state of dispersion of CM fats affects the lipolytic enzymes accessing
the small fat globules, being easily digested by humans [71]. Other C. dromedarius MFG
parameters, such as the fat globular volume, border, surface area, width, and length, were
investigated and found to be 14 µm, 9.6 µm, 7.78 µm 1.65 µm, and 27%, respectively [66],
whereas the properties of MFG in C. bactrianus milk have received less attention. The
structure of MFGs and MFGM can be influenced by a variety of factors, such as the size of
fat globules [72,73], which in turn may be affected by the lactation stages [74]. Jenness et al.
reported that the size and numbers of fat globules in cow, buffalo, sheep, and goat milk are
also affected during technological treatments [75].

From a technological point of view, the camel MFG behavior during drying has been
recently studied by Zouari et al. [76]. The microstructure of drying the whole CM revealed
less surface roughness compared to that of partially skimmed cow milk. Furthermore,
the lower distribution size and the high crystallization temperature of CM fat led to the
encapsulation of most CM fat globules with proteins near the surface of the powder.
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4. CM Fat Composition

CM fat nutritionally serves as an energy source, acts as a solvent for the fat-soluble
vitamins, and supplies EFAs. Thus, it is important to examine its structure and composition.
CM fat accounts for 1.2–5.4% [77], with an average of 3.29%, of the total CM [39], and is
mostly composed of TAGs, as well as cholesterols and PLs.

4.1. FAs Composition of CM Fat

The composition of FAs in milk fat is highly complex since they are derived from
rumen microbial metabolism, body storage, and dietary FAs. FAs are typically categorized
into three groups depending on their saturation level i.e., SFAs, MUFAs and PUFAs, which
comprise n-6 PUFAs and n-3 PUFAs. In the next subsections, FA distribution in CM from 11
countries and 13 regions is described in connection to its physicochemical and nutritional
value, with an emphasis on environmental and physiological variables affecting FAs.
Several previous studies have been reported on the FA composition in CM, as summarized
in Tables 1 and 2.

4.2. Saturated Fatty Acids (SFAs)

SFAs are the most common FAs and are present in CM at a lower percentage when
compared to cow milk (46–66% (Table 1) vs. 78.33% of total FAs [20]). The most predomi-
nant SFAs are C16:0, followed by C18:0 and C14:0. In terms of diet, C18 SFA has been found
to have a neutral health impact, while C14 and C16 SFAs are considered harmful because
they are linked to high serum low-density lipoprotein (LDL) cholesterol concentrations
in human subjects [78]. High consumption of SFAs has negative health implications as
it inhibits the metabolism of n-6 FAs and causes deficiency of EFAs [79]. Furthermore,
a high intake of SFAs is associated with an increased risk of developing coronary heart
diseases [80]. Among the detected (C10-C14) SFAs, there are significant concentrations
of medium-chain FAs (MC-FAs). This is a beneficial aspect since MC-FAs are easier to
digest and metabolize than LC-FAs [11]. Camels are ruminants that can produce (C4-C8)
FAs by fermenting cellulose. The concentration of (C4-C8) SFAs in CM, however, is small
compared to other ruminant species, such as sheep and goats. Possible explanations for
this low concentration could be either due to the rapid metabolism by camel tissue before
being excreted into milk [81] or the different nature of camel feeding. This imparts some
interesting nutritional properties to CM, as the content of (C4-C8) SFAs has high degrees of
similarity to human milk.
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Table 1. Composition of saturated and monounsaturated FAs in camel milk from four different factors.

Locality/References SE L/Days 4:0 6:0 8:0 10:0 12:0 13:0 14:0 14:1 15:0 FAs
15:1 16:0 16:1 17:0 17:1 18:0 18:1

n-9 20:0 20:1 ΣSFAs ΣMUFAs

China ** [36] W NS 12.20 0.01 0.26 0.21 0.91 0.08 12.00 0.55 1.09 0.36 23.60 0.42 0.56 0.49 12.80 15.15 0.08 0.08 64.10 25.70
China ** [82] NS NS ND 0.10 0.10 0.10 0.89 ND 7.32 0.33 1.71 ND 18.80 3.51 0.89 ND 21.30 28.10 0.31 0.22 51.90 39.60

China **
[13]

Hovd NS NS 0.02 0.20 0.09 0.01 0.81 0.01 10.18 0.27 1.94 ND 23.99 5.58 1.16 0.66 16.18 22.42 1.72 ND 57.53 34.15
Sharga NS NS 0.01 0.10 0.13 0.11 1.09 0.03 12.68 0.42 1.71 ND 30.08 5.37 1.21 0.56 16.49 15.79 0.89 ND 65.24 26.14
Tseel NS NS 0.01 0.12 0.10 0.05 0.83 ND 12.24 0.42 2.14 ND 27.40 5.72 1.46 0.76 14.99 17.87 1.09 ND 61.12 29.16

Bulgan NS NS 0.04 0.30 0.36 0.16 0.98 0.03 13.15 0.62 2.23 ND 30.48 7.53 1.29 0.79 11.13 18.13 0.39 ND 60.90 30.13
Tsogtovoo NS NS 0.04 0.22 0.29 0.18 1.55 0.06 13.66 0.58 1.94 ND 30.72 7.40 1.22 0.63 12.27 17.06 0.56 ND 62.75 29.29

China ** [83] NS NS ND ND ND ND 0.78 ND 11.49 ND ND ND 30.12 ND ND ND 15.15 26.05 ND ND NS NS
China ** [84] NS NS ND ND ND ND 0.96 0.05 12.50 0.58 1.23 ND 31.92 7.32 ND ND 16.10 21.87 ND ND NS NS
China ** [12] W NS ND ND ND ND 0.83 ND 11.54 1.56 1.57 ND 31.51 5.17 ND ND 18.67 23.59 0.31 0.08 64.42 30.40
Turkey [18] NS NS 0.02 0.18 0.18 0.32 0.02 ND 10.84 ND ND ND 24.90 11.86 ND ND 15.38 30.74 0.66 ND NS NS

Germany [35] S NS ND ND ND ND 0.43 0.20 10.50 1.17 1.71 0.07 27.60 10.70 0.82 0.64 12.50 17.2 0.42 0.11 54.50 32.20
China ** [85] NS NS ND ND ND ND 0.88 ND 13.04 1.49 1.06 1.64 34.13 8.85 0.92 0.82 14.58 18.96 ND ND 64.61 31.76
China ** [20] NS NS ND ND ND ND 1.05 ND 11.84 0.72 ND ND 27.07 9.74 ND ND 11.85 29.25 0.63 0.14 53.66 41.00

Kazakhstan ** [11] NS NS 0.54 0.46 0.53 0.46 1.24 0.17 15.43 0.80 1.41 ND 32.05 7.01 0.65 0.33 14.75 18.78 0.01 ND NS NS
Kazakhstan * [11] NS NS 0.34 0.29 0.27 0.27 0.80 0.03 10.10 0.57 1.24 ND 29.74 6.60 0.76 0.38 17.82 24.66 0.05 0.01 NS NS

UAE * [19] NS NS ND ND ND 0.54 1.21 0.09 15.84 2.16 1.46 ND 35.97 10.07 0.80 0.49 11.55 16.34 0.46 ND 46.41 49.33
Saudi Arabia * [86] W 90 0.11 0.90 0.22 0.23 1.54 ND 15.89 ND 1.39 ND 34.65 11.87 0.58 0.64 8.88 15.44 ND 0.23 66.40 30.30

Jordan *
[87]

AlKhalidyah

S NS

0.08 1.90 0.14 0.11 0.70 0.07 8.84 0.58 1.47 0.54 29.86 7.18 0.74 0.81 13.76 26.25 0.045 2.01 59.81 NS
Al Hazeem 0.10 2.90 1.40 1.09 3.42 2.50 11.23 1.96 0.40 0.30 18.16 5.93 0.64 1.26 9.18 24.74 0.045 2.64 53.62 NS
Al Umari 0.07 0.41 0.13 0.22 0.93 0.06 7.79 0.85 1.55 0.08 24.66 9.19 0.68 0.88 12.70 32.88 0.25 3.13 50.15 NS
Al Safawi 0.05 3.30 1.30 1.04 2.58 1.00 13.32 1.70 2.14 0.15 25.00 11.54 0.64 1.18 8.70 22.52 0.14 1.26 61.16 NS
Al Hamra 0.03 0.50 0.23 0.50 1.01 0.04 9.17 0.73 0.96 0.02 32.48 9.47 0.53 0.75 9.13 32.48 0.08 0.23 55.25 NS
Al Qatrana 0.10 3.80 1.58 1.25 0.90 0.09 14.28 2.14 1.01 0.07 32.43 16.02 0.04 0.53 6.96 16.64 0.14 0.17 64.12 NS
Wadi Araba 0.21 3.60 0.43 1.80 1.35 0.18 8.86 0.51 2.47 1.17 24.30 7.01 1.53 3.60 15.20 26.37 0.15 0.29 60.58 NS
Al Jweideh 0.22 1.90 2.44 1.88 1.58 0.20 7.64 1.14 1.33 0.61 23.80 10.47 0.60 1.32 11.92 20.36 3.95 1.98 58.66 NS

Maghrebi * [88] NS
140 ND 0.10 0.10 0.10 0.70 0.10 9.90 0.70 1.50 ND 28.70 8.10 0.10 ND 13.40 25.30 0.50 0.20 56.00 39.00
245 ND 0.10 0.20 0.20 0.90 0.10 14.60 1.20 1.40 ND 37.20 10.90 0.05 ND 9.60 15.20 0.40 0.20 66.00 31.00
329 ND 0.10 0.20 0.20 1.10 0.10 15.30 2.00 1.50 ND 31.20 13.40 0.06 ND 7.70 17.90 0.40 0.20 59.00 37.00

Egypt * [12] W NS ND ND ND ND 0.83 ND 10.55 2.33 1.64 0.75 27.90 7.56 0.79 0.75 12.99 29.83 0.28 ND 54.98 41.22
Egypt * [89] NS NS 0.83 0.37 0.28 0.37 0.66 ND 10.98 1.49 ND ND 29.05 10.13 ND ND 12.38 24.45 0.70 ND NS NS
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Table 1. Cont.

Locality/References SE L/Days 4:0 6:0 8:0 10:0 12:0 13:0 14:0 14:1 15:0 FAs
15:1 16:0 16:1 17:0 17:1 18:0 18:1

n-9 20:0 20:1 ΣSFAs ΣMUFAs

Sudan * [90] S NS ND 0.20 ND 0.12 0.41 0.13 8.43 0.58 1.05 ND 30.74 7.81 0.67 0.40 21.11 24.21 0.48 0.13 63.83 34.38
Tunisia * [91] W 100–180 ND ND 0.50 0.30 1.66 0.06 14.91 0.90 2.03 0.28 28.50 6.34 0.91 0.57 10.52 18.39 0.24 0.66 62.84 33.35

Tunisia * [92] MJ
28–56 0.06 0.17 0.14 0.18 0.86 ND 11.65 1.49 ND ND 31.26 10.03 ND ND 10.30 17.38 0.06 0.06 60.31 32.88

77–175 0.04 0.11 0.09 0.12 0.75 ND 9.05 1.34 ND ND 27.63 7.54 ND ND 12.45 23.78 0.09 0.09 55.49 37.17
196–366 0.05 0.13 0.15 0.20 1.02 ND 11.50 1.52 ND ND 28.22 8.50 ND ND 11.46 19.05 0.03 0.08 58.50 33.25

Lactation (L), season (SE), United Arab Emirates (UAE), winter (W), summer (S), March 2015 to January 2016 (MJ), saturated fatty acids (SFAs), monounsaturated fatty acids (MUFAs), polyunsaturated fatty acids
(PUFAs). Locality * present only in C. dromedarius. Locality ** present only in C. bactrianus. ND: not detected; NS: not specified.
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4.3. Monounsaturated Fatty Acids (MUFAs)

MUFAs are the second kind of FAs found in CM fat, mostly represented by oleic acid
(18:1 n-9), which accounts for 5.15–32.88% of overall FAs composition (Table 1), followed
by palmitoleic acid (16:1). The MUFA content of CM fat is slightly higher than that of other
mammalian species milk fats [20]. The higher level of MUFAs in CM can be explained
either by the slower hindgut fermentation or by the higher FAs desaturase activity, which
is responsible for the biosynthesis of MUFAs and PUFAs in CM. These latter data may
provide a significant nutritional index, because MUFAs have beneficial effects on arterial
diseases, lowering plasma LDL cholesterol and total cholesterol as well as the fibrinolytic
activity of circulating plasma by modifying vascular endothelial physiology [93].

4.4. Polyunsaturated Fatty Acids (PUFAs)

PUFAs account for 2.7–8.46% of the total FAs in CM (Table 2), which is higher than
cow milk (1.89%) [20] but still less than human milk (10–20%) [94]. Owing to bacterial
biohydrogenation in the rumen, ruminants have generally low levels of PUFAs. It should
be noted that PUFAs play a pivotal role in the growth of the neonatal brain, as well as the
retina and cognitive functions. Among PUFAs, LA (C18:2 n-6) and ALA are the major n-6
PUFA and n-3 PUFA, respectively. LA is within the range of 0.17–3.31%, while ALA is
within the range of 0.05–2.16% of total FAs. The percentage of LA in CM is 4–16-fold lower
than in human milk [94], albeit the percentage of LA in CM is still higher than that in cow
milk (i.e., 1.12% [20]).

ALA is the major omega-3 FA in milk: the proportion of ALA was found to be one fold
higher in CM than in human milk and from 10 to 13 fold higher than in cow milk [20,36],
which has been linked to its antiarrhythmic effects, positive influence on neurological
activity (by reducing central nervous system injury), and protective effects against coronary
heart disease [95]. CM fat also contains conjugated linoleic acid (CLA), with several
various isomers, which is produced during the biohydrogenation process of ruminants [15].
Rumenic acid (RA; C18:2, cis-9, trans-11) and t10 c12 are the two major CLA isomers found
in CM, accounting for 0.80 ± 0.15 and 0.06 ± 0.02 of total FAs, respectively [81]. Compared
with human milk, CM fats were higher in CLA contents [35,36]. It has been reported that
CLA showed a cytotoxic effect on cancer cells [96], indicating that it is beneficial to human
health.

EPA, docosahexaenoic acid (DHA), and AA are among the PUFAs that were observed
in minute quantities (Table 2). The percentage of EPA, DHA, and AA in CM were reported
to be lower than that in human milk (1%) [94]. In contrast, one study revealed that CM
had a higher amount of EPA and AA (0.14 and 1.35 g/100 g, respectively) than human
milk (0.03 and 0.67 g/100 g, respectively) [36]. However, these results must be further
confirmed by conducting additional studies on both camel and human milk. In addition,
the determination of LC–PUFA metabolites from both animal and human milk samples is
very difficult because it needs a special chromatography column, and the amounts of these
FAs are near the limit of quantitation (LOQ).

It is worth noting that one study reported that CM fats had higher levels of EPA and
AA than cow milk fats [36], while another study found no EPA or AA in CM fats [20]. This
discrepancy could have been due to different authors using different analytical techniques
and measurement units. Some studies reported that DHA of both CM fats existed in
small amounts lower than 0.2% [35,36,86,88,97–100]; however, other studies have found no
evidence of presence of DHA. Nevertheless, CM can still be used in infant nutrition, but
addition of AA and DHA are needed, as their metabolism is limited [79,101]. Overall, most
of the literature findings for the FA composition in CM (15–16 studies) showed no evidence
for presence of EPA, AA, and DHA. In contrast, only 4–5 studies reported their presence
in small quantities (Table 2). Of note, these frequencies are very similar to the presence of
SC-SFA.
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Table 2. Composition of polyunsaturated FAs in camel milk from four different factors.

Locality/References SE L/days 18:2 n-6tt CLA 18:2 n-6 18:3 n-6 FAs
20:3 n-6

20:4 n-6
(AA) 18:3 n-3 20:5 n-3

(EPA) 22:5 n-3 22:6 n-3
(DHA) ΣPUFAs

China ** [36] W NS 0.29 0.59 3.19 0.01 0.09 1.35 2.12 0.14 0.34 0.01 8.10
China ** [82] NS NS 1.85 4.5 2.66 0.53 0.53 ND 1.81 ND ND ND 8.46

China **
[13]

Hovd NS NS ND ND 2.54 ND ND ND 1.13 ND ND ND 4.42
Sharga NS NS ND ND 1.92 ND ND ND 1.21 ND ND ND 3.76
Tseel NS NS ND ND 2.21 ND ND ND 1.03 ND ND ND 3.97

Bulgan NS NS ND ND 1.73 ND ND ND 0.61 ND ND ND 2.94
Tsogtovoo NS NS ND ND 1.68 ND ND ND 0.46 ND ND ND 2.70

China ** [83] NS NS ND ND 2.04 ND ND ND 2.04 ND ND ND NS
China ** [84] NS NS ND ND 1.51 ND ND ND 1.51 ND ND ND NS
China ** [12] W NS 0.26 ND 4.09 0.66 ND ND 0.05 ND ND ND 5.18
Turkey [18] NS NS ND ND 2.12 ND ND ND 1.74 ND ND ND NS

Germany [35] S NS 0.47 0.31 3.07 ND 0.12 0.21 0.17 0.01 ND 0.02 3.91
China ** [85] NS NS ND ND 2.28 ND ND ND 1.31 ND ND ND 3.69
China ** [20] NS NS 0.18 ND 3.31 0.17 0.36 ND 1.37 ND ND ND 5.21

Kazakhstan ** [11] NS NS ND ND 1.19 ND ND ND 0.60 ND ND ND NS
Kazakhstan * [11] NS NS ND ND 1.61 ND ND ND 0.51 ND ND ND NS

UAE * [19] NS NS 0.49 ND 1.73 0.21 ND ND 0.26 ND ND ND 4.26
Saudi Arabia * [86] W 90 ND 0.23 2.14 0.28 ND ND 0.51 0.05 ND 0.19 3.40

Jordan *
[87]

AlKhalidyah

S NS

1.12 ND 2.00 0.01 ND ND 1.63 ND ND ND NS
Al Hazeem 1.25 ND 2.60 2.17 ND ND 6.15 ND ND ND NS
Al Umari 1.56 ND 3.10 0.10 ND ND 1.19 ND ND ND NS
Al Safawi 0.06 ND 1.20 0.04 ND ND 0.33 ND ND ND NS
Al Hamra 0.46 ND 0.23 0.005 ND ND 0.58 ND ND ND NS
Al Qatrana 0.15 ND 0.17 0.06 ND ND 0.09 ND ND ND NS
Wadi Araba 0.20 ND 0.29 0.11 ND ND 0.16 ND ND ND NS
Al Jweideh 1.25 ND 1.98 1.44 ND ND 2.78 ND ND ND NS

Maghrebi * [88] NS
140 2.70 0.9 2.70 ND 0.1 0.3 0.50 ND ND 0.2 5.10
245 2.00 0.4 2.00 ND 0.1 0.2 0.50 0.1 ND 0.1 3.80
329 2.40 0.7 2.40 ND 0.1 0.2 0.50 0.1 ND 0.2 4.50

Egypt * [12] W NS 0.46 ND 3.21 ND ND ND ND ND ND ND 3.67
Egypt * [89] NS NS ND ND 3.11 ND ND ND 1.39 ND ND ND NS
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Table 2. Cont.

Locality/References SE L/days 18:2 n-6tt CLA 18:2 n-6 18:3 n-6 FAs
20:3 n-6

20:4 n-6
(AA) 18:3 n-3 20:5 n-3

(EPA) 22:5 n-3 22:6 n-3
(DHA) ΣPUFAs

Sudan * [90] S NS 0.12 ND 1.40 ND ND ND 0.13 ND ND ND 1.78
Tunisia * [91] W 100–180 0.25 2.05 2.05 ND ND 0.04 1.24 ND ND ND 3.58

Tunisia * [92] MJ
28–56 ND 0.21 2.07 ND 0.18 0.04 ND ND ND ND 5.12
77–175 ND 0.29 2.12 ND 0.22 0.09 ND ND ND ND 5.44

196–366 ND 0.49 2.20 ND 0.18 0.1 ND ND ND ND 5.97

Lactation (L), season (SE), United Arab Emirates (UAE), winter (W), summer (S), March 2015 to January 2016 (MJ), saturated fatty acids (SFAs), monounsaturated fatty acids (MUFAs), polyunsaturated fatty acids
(PUFAs). Locality * present only in C. dromedarius. Locality ** present only in C. bactrianus. ND: not detected; NS: not specified.
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There are some differences between CM and human milk in terms of FA content. De-
spite this difference, Egyptian nomads often use CM to feed their children [5]. Furthermore,
CM can be supplemented either with vegetable oil or through the enzymatic/chemical
modification of fat to become more comparable to human milk fat, and this method is
currently the most widely used by infant formula manufacturers. Generally speaking, CM
fats were, to some extent, different from other ruminant and human milk fats with a lower
number of FAs and higher levels of 16:1, 18:1, CLA, and ALA acids. Furthermore, CM
showed a better unsaturated/saturated acid ratio than milk from other mammals [11],
posing it as a potential superfood, although currently being unrecognized as such.

4.5. Environmental and Physiological Factors Affecting FA Composition in CM

The CM FA composition has distinctive properties and is influenced by many en-
vironmental and physiological factors, as summarized in Tables 1 and 2 and Figure 5.
Four variables related to the FAs composition have been the most investigated: region,
species, season, and lactation stage. FA content of CM fat was found to differ depending
on the country where the camels live [102], as well as on the geographic region within the
countries [11,13,87].
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SFAs and PUFAs constitute 60.60% and 4.80% of overall FAs, respectively, in C. bac-
trianus milk fat, which is higher than SFAs (56.03%) and PUFAs (4.20%) in C. dromedarius
milk fat. While C. dromedarius milk fat contains more MUFAs (36.70%) than C. bactrianus
CM fat (31.40%), as reported by Zhao et al. [103]. The FA composition was studied with-
out taking into account the variations due to seasonal conditions in the majority of the
literature data [11,12,14,15,18,20,54,68,88,97,102,104], suggesting that this aspect should be
considered in the future. Yet, short-chain FAs (C8:0 and C10:0) were found to be more
abundant in the spring, while LC-FAs (C17:0 and C17:1) were found to be more abundant
in the autumn [11]. The stage of lactation is one of the most significant factors influencing
FA composition, which is divided into colostrum (1–5 days), intermediate milk (6–15 days),
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and mature milk (>15 days). The average lipid content of the CM colostrum (30.1–19.5 g/L)
is lower than that of mature milk (32.8–14 g/L) [97]. The study also indicated that SFA
levels tend to increase during lactation, concurrent with a decrease in UFA levels. To the
best of our knowledge, the information about the impact of both the season and the stage
of lactation on the FA composition of C. bactrianus milk has not been documented yet.

4.6. Physical Characteristics of the CM Fat

Milk fat has a wide range of physical characteristics since it includes over 400 different
FAs. Nevertheless, it is mostly composed of 16 major FAs that are responsible for its
physical properties, i.e., melting and solidification temperatures, solid-phase content,
firmness/hardness, and spreadability of the resulting butter [14,105]. Table 3 shows that
the acid and saponification values of C. dromedarius milk fat are significantly higher than
those of C. bactrianus milk fat. However, the CM fat value is substantially lower than the
cow milk fat value, likely attributed to the presence of more LC-FAs in CM fat. C. bactrianus
milk fat shows a higher refractive index and iodine value than C. dromedarius milk fat, with
both values in camels higher than cow milk fat (Table 3).

Table 3. Physicochemical properties of CM fat.

Type
Camel Milk

Cow Milk c
C. dromedarius a C. bactrianus b

Acid value 0.54 0.30–0.44 1.50
Refractive point 1.4490–1.4714 1.4563 1.4530

Saponification value 200.00–217.00 189.30–200.00 228.50
Iodine value 43.80–55.00 51.80–55.00 28.13–32.30

Polenske value 0.50–0.62 NS 1.56–1.61
Reichert–Meissel value 1.10–2.12 NS 28.40–29.56

Melting point (◦C) 37.97–44.10 40.40–42.46 31.50–34.80
a [89,102,106]. b [12,68]. c [89,107]. NS: not specified.

This indicates that CM fat contains higher UFAs levels compared to cow milk fat.
Figure 6 shows the differences in the differential scanning calorimetry (DSC) profiles among
both camels and other mammalian milk. The detected differences can be attributed to the
FAs/TAG composition. Thus, the melting point of the fats decreases with decreasing chain
length and increasing the degree of unsaturation of the FAs [108]. C. bactrianus milk fat
showed a higher melting point than C. dromedarius milk fat, both higher in camels than in
cow milk fat. This may be due to the high amount of large TAGs (Carbon number, CN48
-CN 52) [12,14] concurrent with the low proportion of short-chain FAs and UFAs in CM
fat [5]. A spectroscopic technique, i.e., Fourier transform infrared spectroscopy (FT-IR),
was able to distinguish between both CM fat samples [12]. The use of different examination
techniques (FT-IR, DSC) for CM fat can be advantageous in comparing it with other types
of milk fat.
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Figure 6. DSC curves of crystallization (A,B) and melting (C,D) for camel milk and other mammalian milk. Adapted with
permission from Ref. [12] (Copyright 2020 Elsevier) (A,C) and Ref. [20] (Copyright 2013 ACS Publications) (B,D).

5. Composition and Distributions of TAGs in the CM
5.1. TAGs Composition

The determination of CM fat physicochemical and nutritional properties provides
insight into the structure of TAGs, which is defined by the types, quantities, and distri-
bution of FAs. Differences in diet, season, lactation stage, and animal species can lead to
changes in the amount and composition of milk TAGs. Only one study reported on the
composition of milk TAGs for both types of camel milk [12]. Previous studies of TAGs in
milk fat have shown that there are a large number of species-related TAGs, as well as the
associated positional isomers, which makes the determination of TAG composition rather
challenging [12,15]. For example, there were few variations among the species; for example,
C. bactrianus milk fat had more TAGs than C. dromedarius milk fat. The species influence has
been attributed to the empirically observed positive association between TAG saturation
and relative strength of [TAG+H]+ in a variety of molecular systems, most notably in
the relative splint magnitude of a sequence of linolyte and arachidonate TAGs [109]. In
addition, TAGs composition in CM significantly differs from that of other ruminants [110].
Several studies [12,14,20,85,91] showed that major TAGs in CM fat are CN46, CN48, CN50,
and CN52 (Table 4) and that CM fat is free of SC-SFAs and characterized by low MC-SFAs
levels, which may be attributed to the lower levels of caprylic and capric acids in the lipids.
As a result, TAGs in this milk fat are often made up of LC-FAs with high equivalent carbon
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atom numbers. In addition, Ref. [14] found that TAGs composition had a similar trend in
buffalo, cow, and sheep milk, which were found to be richer in CN32 and CN40 fats than
in CM.

Table 4. Quantitative analysis of triacylglycerols in camel milk fat.

Studies Samples Extraction Method Analysis Method Major TAGs/Concentration

[20] C. dromedarius (n = 5) Folch RP-HPLC/-APCI-MS
PPL (13.67%), POM (12.78%),
PPO (11.77%), POO (10.67%),

PPM (6.76%)

[91] C. dromedarius (n = 20) Folch HPLC/ESI-MS MPO (6.71%), PPO (5.72%),
SPO (5.30%)

[14] C. dromedarius (n = 20) Rose–Gottlieb GC CN52 (20.37%), CN48 (21.60%),
CN46 (12.48%), CN50 (25.79%)

[85] C. dromedarius Folch UPLC/Q-TOF–MS
OPM/PPaP/PaMS (10.96%),
OPaP/OMO/PLP (8.91%),
OPP/OSM/PSPa (8.80%)

[12] C. dromedarius and
C. bactrianus Mojonnier UPC2/Q-TOF–MS

C. dromedarius:
MPaPa/LMM/OMMy (5.36%),

MPO (11.73%), SPP/MSS (7.15%),
PaPaO (8.37%), PSS (7.88%)

C. bactrianus: MMO/MyMS/LaPO
(7.25%), MSP (8.52%), LaLS/MHH

(7.04%), SPP/MSS (8.22%),
PSS (5.91%)

Structure of fatty acids: M, C14:0; My, C14:1; P, C16:0; Pa, C16:1; L, C18:2; O, C18:1; S, C18:0; Reverse-phase high-performance liq-
uid chromatography–atmospheric pressure chemical ionization mass spectrometr, (RP-HPLC/APCI-MS); Electrospray ionization-mass
spectrometry, (ESI-MS); Gas chromatography, (GC); Ultra performance liquid chromatography–electrospray ionization–Quadrupole
time-of-flight mass spectrometery, (UPLC/Q-TOF–MS); Ultra-performance convergence chromatography, (UPC2).

Odd-chain FAs are widely present in CM fat and constitute about 13.5% of TAGs [91],
allowing for several nutritional and medical applications [111]. The majority of TAGs in
the mammary glands of camels were found to be made up of both SFAs and UFAs [91],
likely due to the preservation of fat fluidity at physiological temperatures. According
to a previous study by Haddad et al. [91], CM contains a large amount of saturated and
unsaturated LC-TAG molecular species. From an industry point of view, these saturated
LC-TAG molecular species improve the crystallization of butter products [112], and it
would be very important to examine whether its inclusion in butter manufacture would
improve quality without affecting other sensory characters. In contrast, the high degree of
unsaturated LC-TAG molecular species is negatively associated with firmness in bovine
milk butter [113].

5.2. FA Distribution on TAGs

To date, relatively few studies have reported TAG distribution and composition in
CM compared to extensive reports focused on cow and human milk. The acyltransferase
specificity and activity are responsible for the non-random FA distribution. Thus, by
comparing experimental to theoretical TAG distributions, researchers have shown the
non-random distribution of FAs in CM [91]. FA distribution of CM TGA follows a certain
pattern with the highest concentration of SFAs detected at the sn-2 position, whereas
UFAs are primarily at sn-1 and sn-3 positions. The majority of palmitic acid is present
at the sn-1,3 locations [12,15]. Thus, there are relatively low contents of palmitic acid
at the sn-2 positions, contrary to most natural fats. As a result, the distribution of the
three main FAs in natural fats significantly differs from that in human milk and standard
vegetable oils [94], whereas the presence of palmitic acid at the TAG sn-2 location has been
linked to the enhanced fat and calcium absorption, intestinal comfort, and the growth
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of intestinal microorganisms [114,115]. Other properties of CM TAG distributions are
primarily responsible for the rheological qualities of milk fat products.

6. Composition and Nutritional Properties of CM Cholesterol

The most abundant sterol in CM fat is cholesterol, whose level is determined by the
overall fat content in milk [116]. Cholesterol is an important lipid ingredient for human
survival that is biosynthesized in the body or consumed from an external source. Its
content in milk has attracted great attention from medical research, and it is often linked to
coronary heart diseases [23]. However, it has been reported that more research is required
to fully understand the impact of cholesterol on health, especially given that its bioavail-
ability is rather limited to exogenous sources [117]. The average cholesterol level of CM
(5.64–3.18 mg/100 g) was found to be lower than that of cow milk (8.51–9.07 mg/100 g).
Breed, species, cholesterol/fat ratio, age, diet, milking time, and lactation stage are all
factors that influence the cholesterol level in CM [11,14,23,24,86,118,119]. It has been re-
ported that the cholesterol level in CM changes with the lactation stages. Gorban and
Izzeldin [24] found that the total cholesterol in camel colostrum is higher (27.6 mg/100 mL)
than in mature milk (31.3 mg/100 mL), while Kamal and Salama [119] found that the
cholesterol level was higher in colostrum on day 1 post-partum (44.5 mg/100 mL) than
day 30 post-partum (18.9 mg/100 mL), as expected.

To date, CM cholesterol has been a subject of debate because it appears to be completely
different from that of the cow milk, especially in terms of the total cholesterol level. The
cholesterol level of CM fat was found to be lower than that of cow milk fat [14,23], also
characterized by richness in SFAs compared to CM, another predisposing factor that can
increase overall cholesterol levels in the human blood [120].

On the other hand, a greater proportion of small fat globules is associated with a
higher concentration of cholesterol in milk, due to the greater surface area of MFGM per
fat unit [72]. Following such a hypothesis, [11,24] demonstrated that the CM showed a
higher cholesterol level (31.3 to 37.1 mg/100 g) compared to cow milk fat, in addition to its
doubled fat amount compared to cow milk [11]. Nevertheless, Faye et al. reported higher
fat levels in cow milk than in camel milk, while the cholesterol levels of both types were
similar [23]. Considering the cholesterol/fat ratio instead of the cholesterol/milk ratio,
researchers found that the cholesterol content was higher in cow milk than in CM [14].
Thus, much discrepancy in the data has been reported and as has already been proven,
that cholesterol content in CM is a controversial topic. Indeed, the authors of different
works have used various analytical techniques and measurement units, making a proper
cholesterol concentration comparison among the different types of mammal milk very
difficult. In the future, it would be important to compare the cholesterol concentrations in
various mammals using the same analytical method, as well as through taking into account
the variability of fat content in milk.

From a nutritional point of view, earlier studies have shown that the CM (fresh or
fermented milk) exhibits a hypocholesterolemic effect on animals’ lipid profiles [25–28].
On the basis of the evidence of previous research on CM usage in the control of cholesterol
levels, it can be inferred that CM plays a significant role in lowering cholesterol levels
and that human intake of CM is beneficial to human health in the long term. However,
the mechanism of the CM hypocholesterolemic effect is unknown to date, and different
hypotheses have been proposed [121–123], suggesting the need for more and accurate work
to clarify this issue.

7. Composition and Nutritional Properties of CM Phospholipids

PLs are one of the essential lipid components that can be used as functional ingre-
dients by industries involved in either agro-food or clinical nutrition. The PL content
in CM has not received much attention in comparison with human and cow milk. The
major PLs present in camel MFGM were found to be phosphatidylcholine (PC), phos-
phatidylethanolamine (PE), sphingomyelin (SM), phosphatidylinositol (PI), and phos-
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phatidylserine (PS), similar to those reported in cow MFGM [6,97,110,124]. During the
first weeks of lactation, PL content in CM was slightly higher in mature milk (1.21%) than
in colostrum (0.67%) [97]. To the best of our knowledge, various other factors that affect
PL composition, such as genetics and nutrition aspects, have not been studied to date.
SM plays a positive role in the mental, motor, and behavioral development of executive
function during infancy [125]. Moreover, camel and human milk are richer in SM (117.5 and
78.3 µg/mL, respectively) and plasmalogens (24 and 27.3 µg/mL, respectively) [6], which
makes CM the second source of plasmalogens after human milk. Dietary plasmalogens
are absorbed by the intestine [126], and they have beneficial effects on the health of infants.
CM serves as a promising dietary source of PI, PS, SM, PE, and plasmalogens relative to
other milk species for both infants and adults.

Table 5 summaries the PLs contents and the different analytical methods used for
the CM PL evaluation. Comparative studies have shown that thin-layer chromatography
(TLC), high-performance liquid chromatography (HPLC), and 31P nuclear magnetic reso-
nance (31P NMR) methods demonstrated comparable results for evaluating PLs in dietary
matrices [127]. Morrison et al. isolated PLs in the CM for the first time, as well as from
other different mammalian species, by TLC [124]. They found that the PL distribution
and total content in the CM were remarkably regular and almost constant, and similar
behavior was detected for all the studied species. Nevertheless, it is a good source of
PE and plasmalogen. Conversely, FAs in CM PLs are not completely as characteristic as
ruminant herbivores.

Table 5. Overview of camel milk phospholipid (PL) content and different analytical methods.

Studies Samples Extraction
Method Analysis Method PLs Identified Total PL Amounts

[124] Israel, C. dromedarius Folch TLC PI, PS, PE, PC, SM, 52.30%

[97] Saudi Arabia, (n = 8,
C. dromedarius) Rose–Gottlieb Ultroscan laser

densitometer ND 1.21%

[6]
Tunisia (n = 8, from 8

different
C. dromedarius)

Folch 31P NMR
PE, PS, PI, PC, SM, aaPC,

LPC 0.503 mmol/L

[20] C. bactrianus (n = 20) Folch HPLC–ELSD PI, PS, PE, PC, SM 4.65 mg/g fat

[128] C. dromedarius Folch HPLC–UV PI, PE, PS, PC 60–66 µg/mL

[110] UAE, C. dromedarius Folch UPLC–ESI–QTOF–MS PC, PE, PI, PS, SM, LPC ND

United Arab Emirates, (UAE); phospholipids, (PLs); phosphatidylcholine, (PC); phosphatidylethanolamine, (PE); sphingomyelin, (SM);
phosphatidylinositol, (PI); phosphatidylserine, (PS); lysophosphatidylcholine, (LPC); alkyl-acyl phosphatidylcholine, (aaPC); ND: not
detected; Thin-layer chromatography, (TLC); High-performance liquid chromatography, (HPLC); 31P nuclear magnetic resonance, (31P NMR);
Ultra-performance liquid chromatography electrospray ionization-quadrupole-time of flight-mass spectrometry, (UPLC-ESI-Q-TOF-MS).

According to the literature, the 31P NMR spectroscopy method succeeded in iden-
tifying and measuring 12 PLs, including some lysophospholipids of CM, human milk,
cow milk, and mare milk, with ease of sample preparation, high precision, and strong
sensitivity [6]. It was found that the PL content in CM (0.503 mM) was higher than in
human milk (0.324 mM), cow milk (0.265 mM), and mare milk (0.101 mM). Thus, taking
into account that the dietary PLs are usually consumed in limited quantities, around 2–5 g
per day [70], the research found that the CM is a potential new source of PLs.

Zou et al. [20] compared the PL profiles of milk from camel and other animal species
using high-performance liquid chromatography (RP-HPLC). They discovered that the SM
and PS contents of cow, buffalo, donkey, sheep, and camel milk fats were substantially
lower than that of human milk, albeit PI content (6.05%) of CM fat was comparable to that
of human milk, rationalizing the CM hypocholesterolemic effect [129]. With regards to
FA composition in PLs, SFAs, LC-SFAs, and C16:0 levels in CM, PLs were significantly
lower than in human milk, whereas no significant difference in the content of C18:0 was
observed in camel and other milk fats. Apart from cow milk fat, the contents of MUFAs
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(33%) and LC-PUFAs (22.4%) in PLs of CM fats were significantly higher than in human
milk (MUFAs 15.6% and LC-PUFAs 17.6%). Furthermore, LC-FAs, i.e., DHA and AA, were
not found in PLs of CM fats. In a recent study, [110] provided detailed information on PL
molecular species in CM. Six classes of PLs were detected using ultra-performance liquid
chromatography–electrospray ionization–quadrupole time of flight–mass spectrometry
(UPLC–ESI–QTOF–MS), including PC (C16:0-C18:1), PE (C18:0-C18:2), PI (C18:0-C18:1), PS
(C14:0-C18:3+Na), SM (d18:1/16:0), and LPC (C16:0). This method was rapid, sensitive,
and precise for the identification of milk PLs, and it could be used to investigate dairy
products, as well as to investigate innovative uses of milk PLs. Ali et al. [110] also reported
that the FA compositions of PLs in CM had a significantly lower content of SFAs than in
other milk powder fats, and were more enriched in PUFAs. Thus, the fluidity/rigidity of
MFGM is affected by the length and the degree of saturation of FAs in milk PLs through a
functional role in the separation of the system membrane phase [130].

Briefly, studies presented here indicate that the content of PLs in CM was higher
than in all other studied animal species. Nevertheless, the major PLs present in the CM
MFGM are PC, PE, SM, PI, and PS, similarly to those in all studied species. On the basis
of composition, CM exerts a better emulsifier action than human and cow milk, since
it contains almost 1% of total lipids as PLs [6]. Thus, CM can replace human milk as it
provides similar amounts of plasmalogens and SM, being essential during early life, to
newborns [131]. Newborns are more susceptible to oxidative stress because they have
lower erythrocyte levels of plasmalogens than older children [132].

8. CM Butter and Its Production Challenges
8.1. CM Butter

CM butter is one of the dairy products made from CM. In various regions around
the world, such as Algerian Sahara [133], northern Kenya [134], and Sinai Peninsula [102],
it is produced by a traditional churning process as in the case of other animal butter.
Ghee (filtered butter) is produced from CM, a popular Indian commodity, though the end
product has a lower yield than buffalo or cow milk [135]. Moreover, the possibility of
making butter from CM was also reported by [102,136]. To produce 80% of butter yield,
vigorous hot shaking (22–23 ◦C) was needed [102]. In 2021, Mtibaa et al. studied the
influence of ripening and churning circumstances on the turn ability of CM cream and
the physical characteristics of CM butter [137]. It was found that CM butter could only be
produced when churned at 21 ◦C, independent of the ripening temperature. In arid areas,
this commodity is essential for nutrition, and there is an increasing demand for it all over
the world for its health benefits.

8.2. Physicochemical Properties of the CM Butter

Butter flavor and aroma, as well as its rheological properties, have a large impact
on consumer acceptance. Its properties are determined by the types of FAs found in
butter. SC-FAs play a significant part in butter flavor. The lower content of butyric acid
in CM butter resulted in a less intense flavor relative to cow milk butter [138]. Another
lacking chemical in camel butter is B-carotene, and thus the obtained butter is whiter in
color compared to the cow milk-derived butter [102,104]. CM butter, on the other hand,
contained a significant amount of MUFAs (C16:1 and C18:1) (32.2% of total FAs), which is
nutritionally advantageous [138]. The butter characteristics are determined by the kinds of
FAs present. Hard butter is made from fats with a high content of high melting point FAs,
whereas soft butter is made from fats with a low quantity of low melting point FAs [139].
The rheological qualities of butter are largely determined by the TAG structure, mainly
by the distribution of FAs at the sn-1, sn-2, and sn-3 positions, as well as by the ripening
temperature [137]. The content of total solids and fat of C. dromedarius milk butter generally
ranges from 64 to 65% and 49 to 58%, respectively [133,138]. Due to the high content of
SFAs in CM cream, the churning temperature (15–35 ◦C) was found to be higher than
that of cow milk cream (10–15 ◦C) [67]. As a result, the ripening and churning conditions
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had a significant impact on the melting characteristics and rheological behavior of CM
butter [137]. The acid degree value, melting point, and refractive index for C. dromedarius
were at 6.7, 43.2 ◦C, and 1.4, respectively [138]. Such values confirm that C. dromedarius
milk butter is less prone to rancidity because of the lower acid degree value. The high level
of LC-FAs (C14-C18) and low percentage of SC-FAs (C4-C6) in C. dromedarius milk butter
may have contributed to its high melting point, and high refractive index value.

8.3. The Challenges of Industry Development of CM Butter

The selected technology for the manufacturing of CM butter is a major challenge.
Indeed, traditional churning presents some criticisms because it shows a slight tendency
to cream up, due to the lack of the agglutinin protein in the CM [62]. The euglobulin
protein is the key factor responsible for speeding the cream layer development in cow
milk. Consequently, CM displays a very slow creaming rate at all temperatures with
respect to cow milk [55]. Camel MFGs and proteins are closely related, which is an
inherent property of the CM fat [140]. Its smaller size MFGs [6,45,66] leads to low butter
yield compared to cow milk. Additionally, the high melting point of CM fat (41–42 ◦C)
makes it difficult to churn the cream at the temperatures used for cow milk churning
(8–12 ◦C) [102]. As a result, more force is needed to separate the fat globule membrane
from the fat and to allow for the globules to adhere to each other, forming butter as
water-in-oil emulsion [134]. The traditional churning method associated with higher
churning force has recently been documented, resulting in less churning time and higher
butterfat recovery from CM, compared to the common conventional mixing method [138].
Furthermore, it has a relatively low flavor content when compared to buffalo or cow milk,
which would discourage consumer preferences [138]. The low flavor is mostly attributed to
its low butyric acid content (less than 0.5%) compared to that in cow milk (about 5%) [11].
Moreover, it is difficult to distinguish butter color from other CM components during
production, owing to its low β-carotene level [102,104]. The poor CM creaming production
is also due to many other factors, such as the electrical charges on the globules, the ionic
distribution, and the interfacial tension between milk serum and fat globules [55]. For
this reason, producing CM butter by means of the same technique employed for cow
milk butter may be difficult. As a result, the systematic use of already proven technology
for cow milk butter is not always appropriate for CM butter, and adjustments based on
more basic study on the behavior of milk fat components during processing are required.
Moreover, transferring research results, which are now available, to an industrial scale is
still insufficient, especially for the CM butter product, which requires additional technical
and economic evaluations.

9. Conclusions and Future Prospects

The recent advances in understanding the composition of CM fats is important in
understanding not only their nutritional value but also their functional properties and
health benefits. The most abundant protein in the CM fat globule membrane (MFGM) was
found to be lactadherin-like protein, which has anti-sticking and anti-bacterial qualities,
and moreover it is suitable for consumers with an allergy to cow’s milk. The small size of
the camel MFG resulted in its high-fat digestibility but led to difficulties in obtaining butter.
CM has a low level of SFAs (C4-C6) and a high content of UFAs and LC–FAs. Hence, it
contains an adequate number of components that are useful in reducing inflammation and
decreasing the incidence of lipid-related cardiovascular diseases. The higher concentration
of SFAs in CM fat is at the sn-2 position, whereas UFAs are primarily at the sn-1 and sn-3.
CM has a higher concentration of total PLs than human and cow milk, and it may be used
to substitute human milk since it delivers equal quantities of plasmalogens and SM to
infants, even if the cholesterol content is a controversial issue. The main actual challenge is
to better understand the properties of CM fat so that products with bioactive ingredients
derived from milk can be designed and formulated.



Foods 2021, 10, 2158 22 of 27

Author Contributions: Conceptualization, I.A.B., L.Y. and S.A.K.; methodology, I.A.B., L.Y. and
S.A.K.; software, I.K. and N.I.Z.; validation, Q.J. and N.I.Z.; formal analysis, I.A.B., L.Y., J.J. and
S.A.K.; investigation, I.A.B., L.Y. and I.K.; writing—original draft preparation, I.A.B., L.Y. and S.A.K.;
writing—review and editing, M.A.F. and I.C.; visualization, M.A.F., J.J. and N.I.Z.; supervision, W.W.
and X.W. All authors have read and agreed to the published version of the manuscript.

Funding: This study was funded by the National Natural Science Foundation of China (grant number
31701558), the Fundamental Research Funds for the Central Universities (JUSRP12004), and the China
Postdoctoral Science Foundation (2021M691291).

Institutional Review Board Statement: Not applicable.

Informed Consent Statement: Not applicable.

Data Availability Statement: Not applicable.

Conflicts of Interest: The authors declare no conflict of interest.

Abbreviations

CM Camel milk
C. dromedarius Camelus dromedarius
C. bactrianus Camelus bactrianus
MFGs Milk fat globules
MFGM Milk fat globule membrane
FAs Fatty acids
EFAs Essential fatty acids
AA Arachidonic acid
DHA Docosahexaenoic acid
ALA Alpha-linolenic acid
LA Linoleic acid
EPA Eicosapentaenoic acid
CLA Conjugated linoleic acid
RA Rumenic acid
LDL Low-density lipoprotein
CN Carbon number
TAGs Triacylglycerols
SFAs Saturated fatty acids
UFAs Unsaturated fatty acids
MUFAs Mono-unsaturated fatty acids
PUFAs Poly-unsaturated fatty acids
SC-FAs Short-chain fatty acids
MC-FAs Medium-chain fatty acids
LC-FAs Long-chain fatty acids
PLs Phospholipids
PC Phosphatidylcholine
PE Phosphatidylethanolamine
SM Sphingomyelin
PI Phosphatidylinositol
PS Phosphatidylserine
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