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Implications

* Minerals in camel milk are presented among elements
contributing to its reputation for health benefit to con-
sumers

* Both major and trace minerals are not in exceptional
quantity compared to other species except cations (K,
Na, Cl) and probably iron and zinc.

* There is a lack of data regarding the effect of diet
composition on mineral concentration of camel milk.
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Introduction

The potential and expected therapeutic effect of a
regular camel milk (CM) consumption on different dis-
eases is a strong commercial argument usually justifying
the high price of the product on market compared to cow
milk (Konuspayeva et al., 2021). Making confusion between
“health effect” and “medicinal virtues”, many scientists are
looking for the bioactive components potentially explaining
the beneficial impact of CM consumption on human health.
Generally speaking, many review papers on “medicinal
properties” of CM (for example, Abdelgader and Al-Haider,
2016; Hassen, 2020) emphasize the richness of this milk in
some components as minerals and vitamins. Whether or
not the mineral composition of CM is unique comparing to
other domestic species is unknown. Yet, except for vitamin
C, niacin (vitamin B3) and vitamin D, the concentrations
of other vitamins are not so high or even can be in lower
quantity than cow milk (Faye et al., 2019). The question
of the mineral composition is obviously important to sup-
port the idea that CM is also exceptional in this matter. Thus,
the objective of the present review was to provide up-to-date
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data on the mineral composition of CM based on available
references.

Methodology

The number of references regarding mineral concentra-
tions in CM is relatively limited compared to data available on
cow or small ruminants’ milk. Moreover, a certain confusion
occurred due to the variable analytical techniques that could
change with the progress in sensitivity and accuracy of la-
boratory equipment for the last years, and with the units used
by the authors for presenting their results. The most popular
equipment to determine the minerals in milk is atomic absorp-
tion spectrophotometry or inductively coupled argon plasma-
atomic emission spectrometer (ICP-AES). For some elements
as iodine or molybdenum, colorimetric methods are preferred,
but chromatographic methods have been also proposed. For
selenium, fluorimetry was used formerly, and different types of
spectrometry are used nowadays. For a better understanding,
the present review displays the results, element by element and
as far as it will be possible, an effort was done to convert all
published data into similar units to make comparison easier.
However, an important risk of contamination (especially with
trace elements) could occur during sampling collection and
preparation procedure with a potential high impact on the re-
sults. Such contaminations could explain sometimes high re-
ported values, well above most of the available references.

Major Minerals in CM

The main minerals in milk are calcium, phosphorus, mag-
nesium, sodium, potassium, and chlorides. These minerals are
generally electrically charged, and it is possible to distinguish
the cations (positively charged as Ca**, Mg**, Na*, K*) from
the anions (CI7, PO,*"). Some elements (Ca**, Mg**, PO,*) are
associated with milk proteins, contributing notably to form ca-
sein micelles (colloidal particles) involved in cheese processing.
Some minerals are diffusible (Na*, K*, CI") and contribute
for example to the salty taste, especially when the camels are
grazing halophytes. Although their global quantity in CM
rarely overpasses 1 g/L, they can provide an important part of
the requirements for the baby camel and for the consumers. In
a previous meta-analysis compiling 121 references on CM com-
position (Konuspayeva, 2020), the mean value of total minerals
in CM was 0.81 £ 0.19 g/L (0.58-2.48 g/L).
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Calcium

The values of total calcium in CM are comprised between
0.3 and 2.57 g/L (Faye and Bengoumi, 2018). A part of this
variability could be attributed to water repletion status. Indeed,
camels are known for their ability to space out watering,
and the dehydration status can influence milk calcium con-
centration (Yagil and Etzion, 1980). In a comparative study
involving different camel species living in the same environ-
ment (Faye et al., 2008), calcium content in Bactrian CM ap-
peared significantly higher (1.30 + 0.29 g/L) than in dromedary
milk (1.16 £ 0.27 g/L) while crossbreed Bactrian*dromedary
presented intermediary value (1.23 £ 0.27 g/L). In China,
Jirimutu et al., (2010) reported similar calcium concentra-
tions in milk from wild Bactrian (Camelus b. ferus) and from
Bactrian (Camelus bactrianus): 1.43 + 0.05 g/L vs. 1.23 £ 0.08
to 1.83 £ 0.19 g/L according to different farms.

Some other variation factors were investigated as the camel
breeds (Mechaia et al., 1995; Al-Haj et al., 2022), the degree
of intensification in farming systems (Alwan and Zwaik,
2014) with contradictory results. The physiological stage is
also linked to a variation of calcium content in milk. For
some authors, calcium is increasing at the end of lactation
(Mal et al., 2007), but the colostrum collected at partur-
ition contained more calcium than that of 10 d postpartum
milk: 1.75 £ 0.16 g/L vs. 1.21 £ 0.17 g/L (El-Khasmi et al.,
2001). However, in a monitoring of minerals in Arvana camel
(dromedary) throughout the lactation (Konuspayeva et al.,
2010), the maximum value of milk calcium was observed
at early lactation (1.43 g/L), and the minimum at the lacta-
tion peak (0.70 g/L). Monthly variation was also reported in
Jordan dromedaries (Haddadin et al., 2008), probably linked
to lactation stage of the dairy camels as their reproduction
cycle is seasonal: indeed, the beginning of lactation occurring
in winter, the highest concentration was observed in January
while the peak of lactation occurring in summer, the lowest
was observed in August (Figure 1).

There are few data regarding the impact of heat treatment
on calcium content in CM. Recently, Al-Haj et al., (2022) found
significant differences in calcium content between heat-treated
and raw CM samples. Moreover, heat treatment decreasing
the concentration of ionic calcium, it induces an inhibition of
rennet coagulation (Metwalli and Hailu, 2020). However, the
same calcium level was observed in pasteurized CM at 72 °C
for 5 min compared to raw milk. Contrary to cow milk, cal-
cium in CM seems more stable after heat treatment at 80 °C for
60 min (Felfoul et al., 2016). The addition of calcium during
rennet coagulation of CM was not necessary to improve curd,
whatever source — calcium phosphate or calcium chloride — as
there was no impact on the coagulation yield.

Compared to milk from other species, results were not al-
ways coherent. Globally, CM is containing comparable cal-
cium concentration (0.70 + 0.09) than in cow (0.66 + 0.04), goat
(0.75%£0.07), and sheep milk (0.82 + 0.01 g/L) (Al-Wabel, 2008).
However, in Egypt, if calcium content in CM (1.20 + 0.07) is
like in cow milk (1.11 £ 0.04), goat (1.30 * 0.02), and buffalo
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milk (1.63 = 0.05 g/L) contained significantly more (Soliman,
2005). On the other hand, in old references, lower calcium
values were found in CM (0.40-0.94 g/L) than in goat milk
(1.33 g/L). Quite questionable higher calcium content in goat
milk compared to CM was reported also recently: 12.82 vs.
1.16 g/L.

So, even if CM is regarded as an important source of cal-
cium, the amount in this mineral is not exceptional compared
to other milk origin.

Phosphorus

The total quantity of phosphorus in CM is lower than cal-
cium. Literature data give a range of 0.34 to 1.00g/L (Faye and
Bengoumi, 2018). A narrow range was revealed in older refer-
ences 0.86-1.39 g/L. Variation factors as farming system were
also investigated by different authors, and reverse to calcium, it
was found significant higher phosphorus concentration in milk
from intensive farm than in Bedouin system.

Regarding the effect of lactation stage, Mal et al., (2007)
found similar pattern than for calcium, i.e., lower concentration
in early lactation (0.42 + 0.05) than in late (0.47 = 00.5 g/L) and
El-Khasmi et al., (2001) reported higher content in colostrum
at parturition (1.1 = 0.014 g/L), than 10th day postpartum
(0.82 = 0.10 g/L). In the study of Konuspayeva et al., (2010),
the changes throughout the lactation were parallel to calcium,
the maximum value (1.16 g/L) being observed at early lactation
and minimal (0.57 g/L) at the peak of lactation. Consequently,
the ratio Ca/P was relatively constant and correlation between
P and Ca values, highly significant (Konuspayeva et al., 2008).

Heat treatment of raw CM for processing seems to have no
impact on phosphorus content (Metwalli and Hailu, 2020).

As for calcium, phosphorus is in higher concentra-
tion in Bactrian milk (1.08 % 0.18) than in dromedary milk
(091 £ 0.19 g/L) with significant seasonal variation, values
in summer being significantly lower than in spring and winter
(Konuspayeva et al., 2008). In dromedary milk and in another
climatic context (Haddadin et al., 2008), the lowest value in
phosphorus was observed in August (0.61 g/L), and the highest
in December (0.99 g/L) (Figure 1). The phosphorus content in
milk is the main discriminating component allowing to distin-
guish Bactrian milk from dromedary milk (Faye et al., 2008).
Such difference could be attributed to the higher fat content
in Bactrian milk, notably in phospholipids. The ratio Ca/P, at
least in camels (Bactrian and dromedary) from Kazakhstan
where the 2 species are cohabiting, appears the lower among all
other specific milk (Figure 2).

In comparative studies, phosphorus content in CM appears
generally lower than in cow, goat, and buffalo milk: 0.81 + 0.031
vs. respectively 0.95 + 0.072, 1.10 £ 0.016, and 1.11 = 0.026 g/L
(Soliman, 2005). The lower phosphorus values in CM com-
pared to goat were confirmed later: 0.87 vs. 1.31 g/L. In a recent
comparative study (Khaldi et al., 2022), phosphorus recorded
in Gharbi sheep milk was 1.45 + 0.19 vs. 1.18 + 0.24 in goat and
0.58 £ 0.18 in Maghrebi CM. Thus, as for calcium, the concen-
tration of phosphorus in CM is not exceptional.
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Figure 1. Monthly changes of calcium and phosphorus concentration in CM from Jordan (calculated from Haddadin et al., 2008).

Magnesium

Magnesium concentrations in CM varied between 45 and
200 mg/L. For example, 130 £ 11 to 116 £ 16 mg/L in dif-
ferent Saudi camel breeds (Mehaia et al., 1995), 73 £ 3.2 to
110 £ 5.7 mg/L according to different farming systems (Alwan
and Zwaik, 2014) or 90 £ 8.6 mg/L in Jordan with a monthly
range of 77-98 (Haddadin et al., 2008).

As for the other cations, magnesium concentration is
higher in colostrum (236 £ 31) than in milk: 112 * 22 mg/L
(El-Khasmi et al., 2001). However, in Kenya, slightly lower
values in early lactation were reported compared to late lac-
tation: 118.2 £ 2.2 vs. 135.8 + 3.1 mg/L (Oselu et al., 2022).
In Chinese Bactrian camel, a range of 58.5-96.7 mg/L was
reported (Chen et al., 2020). In their comparative data re-
garding wild and domestic Bactrian camels, Jirimutu et al.,
(2010) found more magnesium in the first: 111.3 + 2.6 vs.
63+ 1t092.5 2 mg/L in different camel farms.

Compared to other species, magnesium appears in lower
quantity. For example, 67 * 14 in camel vs. 295.6 = 7.9 in buf-
falo, 134.2 + 2.4 in cow, and 138.7 £ 1.1 mg/L in goat milk
(Soliman, 2005). However, in recent results, Chen et al., (2020)
did not find statistical differences between magnesium content
in camel (79.6 + 33.2), goat (92.5 + 12.0), cow (83.2 + 10.3),
buffalo (58.5 + 11.3), and yak milk (96.7 £ 12.3 mg/L), con-
trary to Felfoul et al., (2016): 83 + 0.0 vs. 120 £ 1.0 mg/L
in camel and cow respectively. Globally, with a range of
97-146 mg/L, cow milk contains more magnesium than camel
milk.
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Sodium

Contrary to cations, the concentrationsinanionsappear more
important in CM. The range of sodium in CM is 220-690 mg/L
(Faye and Bengoumi, 2018), but values up to 902 + 92 mg/L
were cited (Bengoumi et al., 1998). For Al-Haj and Al-Kanhal
(2010), mean sodium value in CM was 590 * 160 mg/L. The
variation factors are obviously the same than for cations: so-
dium content is higher in late lactation compared to early lacta-
tion: 815.9 + 20.8 vs. 682 £ 12 mg/L (Mal et al., 2007). Similar
figure was reported by Oselu et al., (2022), but not by Alwan
and Zwaik (2014) where the physiological changes were not sig-
nificant. With an average of 575 = 118 mg/L all over the year,
a marked monthly variability was observed (Haddadin et al.,
2008) with higher values in summer (Figure 3).

In their comparison between farming systems, Alwan and
Zwaik (2014) found higher sodium concentrations in desert
milk than from intensive farm. Such difference could be ex-
plained by the abundance of halophytes plants in desert while
the diet in intensive farms is mainly composed of irrigated fod-
ders. Besides, CM produced in desert is more often salty.

Compared to other species, CM contains more sodium: twice
more in Bactrian milk compared to cow or goat milk (Wang
et al., 2011). Similar pattern was reported recently (Chen et al.,
2020): 428 £ 79 mg/L for CM vs. 292 £ 50 (cow), 253 £ 55 (goat),
276 * 66 (buffalo), and 345 £ 59 (yak). Similar ranking was ob-
served by Al-Wabel (2008), including sheep milk. Although CM
contained more sodium than other species, the differences were
less marked in the observations of Soliman (2005): 578.4 = 12.2
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Figure 3. Monthly changes of sodium and potassium concentration in CM from Jordan (calculated from Haddadin et al., 2008).

in CM vs. 516.6 £ 6.6 in buffalo, 496.7 = 7.0 in cow, 503.4 + 7.7
in goat, and 160.3 = 3.0 mg/L only in human milk.

Potassium

Potassium content in CM is generally high, the values
being comprised between 520 and 1800 mg/L (Faye and

August 2022, Vol. 12, No. 4

Bengoumi, 2018), but concentrations above 2000 mg/L are
cited (Bengoumi et al., 1998; Mal et al., 2007). If no sex dif-
ference was reported, important variations throughout lacta-
tion or season are mentioned (Mal et al., 2007) with higher
values at late lactation. Exactly same increasing (40%) was
reported in Kenya from early to late lactation (Oselu et al.,
2022), whatever the farming system (Alwan and Zwaik, 2014).
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Accordingly, higher level of potassium was observed from July
to October (Figure 3), i.e., when most of the lactating camels
are in late lactation. Milk potassium at the end of summer is
2 times higher than in winter passing from 780 to 1,650 mg/L
(Haddadin et al., 2008). Contrary to most of the minerals, po-
tassium in camel colostrum was little bit less than in mature
milk: 1,654 = 371 vs. 1,703 £ 344 mg/L respectively (Gorban
and Izzeldin, 1997).

Controversial data has been found between other spe-
cies. For example, for Chen et al. (2020), potassium level in
Bactrian CM (930 + 99) is lower than in goat (1,377 + 325),
cow (1242 £ 279), and yak milk (1,363 £ 200 mg/L). Only
buffalo milk (698 = 194 mg/L) presented lower values. Yet, in
another reference (Jirimutu et al., 2010), Bactrian CM con-
tained high level of potassium, between 1,640 + 17.2 and
1958.4 + 29.9 mg/L according to different farms. At reverse,
but with questionable very low values (Al-Wabel, 2008), CM
had comparable values to that of sheep milk and significantly
higher than cow and goat milk. In Egypt, Soliman (2005) found
slightly significant difference between potassium level on camel
(1563.2 + 28.5), cow (1470.2 + 15.5), buffalo (1671.8 + 31.6),
and goat (2014.5 £ 19.0 mg/L).

Chloride

There are few data regarding chloride in CM. Reported
values range around 2,000-2,800 mg/L, but lower values were
reported sometimes. After dehydration (Figure 4), chloride
content in milk increased by almost 100% as well as potassium
while sodium increased by 80% (Yagil et al., 1980).

Due to the sensitivity of the electrolytes during the cycles
of dehydration/rehydration, a seasonal variation was observed
with lower values in summer (periods of intensive drinking)
than in winter.

The comparison between animal species is difficult because
the high variability in camel linked to its hydration status. The
feeding behaviour of camel in desert, looking for halophyte
plants is the main explanation for the higher concentrations in
milk chloride compared to cow or buffalo milk (Al-Haj and
Al-Kanhal, 2010).

Trace Elements in CM

It is generally stated that CM contains also high quantities
of trace elements, especially iron and zinc. But such statement
is often based on a limited number of publications. Trace elem-
ents are necessary in low quantity in the diet and in case of
excess, milk is one of the excretion ways to eliminate the “sur-
plus”. Globally, regarding investigation of trace elements in
milk, data are scattered, and rarely focus on mineral change
according to different variation factors as diet composition,
physiological stage, or health status. Moreover, the analytical
procedures were not homogenous between references and could
explain some of the gaps in the published values. Therefore, it is
not easy to state the biological standards, and a high variability
in available data is observed.
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Copper

Copper content in CM ranges from 30 to 800 pg/100 mL
(Faye and Bengoumi, 2018) but more extreme values are
mentioned in the literature. For example, in Morocco,
1,130 £ 490 pg/100 mL (Bengoumi et al., 1998) while very low
values were found in Kazakhstan: 5-7 ng/100 mL (Diacono
et al., 2008). In Bactrian camel, a mean value of 470 ng/100 mL
was reported.

There are few data regarding the effect of copper supple-
mentation on the CM mineral status. On camels receiving trace
element supplementation, Dell’Orto et al. (2000), did not ob-
serve significant change in the milk copper content between
supplemented (37 pg/100 mL) and nonsupplemented camels
(40 pg/100 mL).

Regarding the comparative studies, an extreme confu-
sion is occurring. According to old references (for example
Abdelrahim, 1987), copper in CM is comparable to that of goat
milk while in India, no difference was found with cow, goat, and
sheep milk. In their review, Faye and Bengoumi, 2018 stated that
CM contained 12 times more copper than cow milk (490 pg vs.
13 pg/100 mL) and Soliman (2005) found more copper in CM
(61 £ 2.3 ng/100 mL) than in cow (17 * 1.6), buffalo (40 *+ 2.5),
and goat milk (40 = 1.0 ng/100 mL). Higher quantity of copper
in CM was also found by Al-Wabel (2008) compared to small
ruminants (161 pg/100 mL vs. 57 in goat and 62 in sheep) while
cow milk was richer (180 pg/100 mL). In the recent study of
Chen et al. in 2020 on Bactrian camel, the hierarchy between
species was as follows: yak (522 * 115), camel (248 £ 55), buf-
falo (209 = 93), milk (208 * 98), and the lowest, cow milk
(165 £ 58 ng/100 mL). For other authors, however, CM is the
poorest regarding copper content.

Zinc

Zinc content in milk is highly variable according to au-
thors 30-1,200 pg/100 mL. Thus, the reference values are not
clear, and probably the results reported in the literature are
depending on the analytical procedures and potential contam-
ination, dust being rich in zinc. A range of 170-530 pg/100 mL
was recently published. In CM samples from different regions
of Kazakhstan, a mean of 470 pg/100 mL was found, with
significant regional variation, and wide range between camel
farms from 150 to 7,400 pg/100 mL. Zinc content changed
also according to lactation stage with a significant trend to de-
crease throughout the lactation (from 440 to 390 pg/100 mL),
and according to the farming systems, the milk collected in ex-
tensive system being richer (580 £ 52) than in intensive farms
(420 £ 21 pg/100 mL) (Alwan and Zwaik, 2014). However,
there were no clear seasonal patterns (Haddadin et al., 2008).

The effect of zinc supplementation in diet of camel was ex-
perimented by Dell’Orto et al., (2000): with a Zn supplement
of 7,000 ppm, zinc concentration in milk increased from 252
to 316 ng/100 mL. In Kazakhstan (Meldebekova et al., 2008),
zinc concentration seemed in higher quantity in fermented
milk (1180 pg/100 mL) compared to raw milk from the same
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DH4) during summer (calculated from Yagil and Etzion, 1980).

sample (370 pg/100 mL). Similar observations were done re-
garding zinc in camel yoghourt compared to raw milk: 250 vs.
482 ng/100 mL on average (Elhardallou and El-Naggar, 2016).
Copper concentration (as zinc and iron) increased by a factor
5 during ultrafiltration process (Mehaia, 1996). Contrary to
copper also, zinc in camel colostrum is in higher concentration
(180 % 148) than in mature milk (49 £ 18 ng/100 mL) (Gorban
and Izzeldin., 1997).

In most of the comparative studies and unlike copper,
zinc seems to be in higher concentration than in other
species. Long time ago, Sawaya et al. (1984) had already
stated that CM contained more zinc than cow milk: 440 vs.
390 ng/100 mL respectively. Such difference was confirmed
later, on Bactrian camel (Diacono et al., 2008; Jirimutu
et al., 2010; Wang et al., 2011). However, for Abdelrahim
(1987), zinc content in CM (230 = 60) was lower than in
goat milk (550 £ 20 pg/100 mL). For Soliman (2005), zinc
concentration in CM was 510 = 15 vs. 380 £ 10 (cow),
240 = 8 (buffalo), 320 £ 30 pg/100 mL (goat). Almost
similar findings were reported recently by Chen et al.
(2020). In the reference of Abba et al., (2021), zinc in CM
was 625 + 30 pg/100 mL, i.e., almost 2 times the values of
other species. Although most authors emphasized the rela-
tive richness of CM in zinc, some references did not con-
firm such results (Al-Wabel, 2008).

August 2022, Vol. 12, No. 4

Iron

Iron is one of the most important trace elements for
the young mammals as their requirements are high before
weaning, and milk of the mother is the only source of iron.
Like for other elements, data regarding iron content in CM are
highly variable between references with contradictory observa-
tions regarding the comparison with milk from other species
(Faye and Bengoumi, 2018). For example, between the data
of Elhardallou and El-Naggar (2016) and that of Elamin and
Wilcox (1992), the gap is in a ratio of around 1/700: 0.49 and
341 mg/100 mL respectively. In the old reference of Sawaya
et al. (1984), even lower value was reported: 0.26 mg/100 mL.
Generally speaking, the lack of standardization in analytical
methods could contribute to a certain low reliability of pub-
lished results.

Most of the recent references, however, gave values around
10-20 mg/100 mL: in Bactrian camel, 14.8 + 5.3 (Meldebekova
et al., 2008), 20.2 * 12.4 mg/100 mL (Konuspayeva et al.,
2008). In comparison to dromedary milk, Bactrian CM pre-
sented higher iron concentration leading to consider iron as a
potential discriminant element to identify the specific origin
of the milk (Faye et al., 2008): 21.1 + 16.3 for Bactrian vs.
19.3 £ 10.6 mg/100 mL for dromedary. There is a lack of re-
gional variability (Rashed, 1998) and of the effect of iron sup-
plementation (Dell’Orto et al., 2000). Colostrum contains more
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iron than mature milk: 19 £ 2 vs. 13 £ 6 mg/100 mL (Gorban
and Izzeldin, 1997) but with stable quantity throughout the
year (Haddadin, 2008).

As usual, the ranking between species is not constant. For
some authors, CM contains more iron than other milk (Gorban
and Izzeldin, 1997; Soliman, 2005). In few references, goat milk
contained more iron than CM. In Bactrian camel, CM con-
tained 5 times more iron than in cow and 8 times than in goat
milk (Wang et al., 2011). However, Chen et al. (2020) found
less iron in CM (12.9 + 7.3) than cow (14.5 £ 5.2) and yak milk
(25.4 + 6 ng/100 mL), but more than goat (10.8 £ 3.8) and buffalo
milk (10.1 £ 2.4 mg/100 mL). For Al-Wabel (2008), CM was the
poorest milk compared to all other domestic ruminants.

Thus, like for other minerals, the assertion that CM is par-
ticularly rich in iron and recommended for anaemic people
must be put into perspective. This richness is depending on the
environmental context and the interspecies comparisons are
often based on milk samples coming from different regions.

Manganese

Manganese is less commonly determined in CM, probably
because it is not a convenient indicator of its intake. Moreover,
data from the literature are not very coherent, varying from
around 5-6 ng/100 mL (Haddadin, 2008) to 780 pg/100 mL
(Rashed, 1998). Camel colostrum contained more manganese
(10.7 £ 1.6) than mature milk (8.3 £ 1.6 png/100 mL) (Gorban
and Izzeldin, 1997).

The between-species comparisons are incoherent: no signifi-
cant difference (Soliman et al., 2005; Al-Wabel, 2008), more
manganese in CM (19.3) than in cow (1.6) and human milk
(4.2 ng/100 mL) (Gorban and Izzeldin, 1997). In the compara-
tive study of Chen et al (2020), manganese content in CM
(18.8 + 10.6) was comparable to that of cow (18.7 + 12.5), buf-
falo (16.9 + 4.9), and goat milk (15.6 £ 3.1 pg/100 mL). Only
yak milk had significant higher value (25.6 + 6.1 pg/100 mL).

Thus, the richness of CM in manganese as stated by some
review publications is not confirmed.

Selenium

Few references are available on selenium content in CM,
but the same remark could be done on the high variability in
the available data. In their experiments on selenium metab-
olism in lactating camels receiving different levels of supple-
mentation, Faye and Seboussi (2009) found values in a range
of 39.5 to 482.6 ng/mL with an average of 86.4 + 39.1 ng/mL
in nonsupplemented camels vs. 167.1 + 97.3 ng/mL in supple-
mented ones. However, lower values (mean = 13.9 + 2.4 ng/mL)
were reported by Al-Awadi and Srikunar (2001). The maternal
transfer of selenium in camel was regarded as very efficient as
the mean value in colostrum was 302 + 94.60 in baby camels
issued from supplemented dams vs. 108.2 * 43.9 ng/mL in
nonsupplemented group (Faye and Seboussi, 2009). When Se
supplementation is under organic form, higher content was
observed in colostrum compared to camel supplemented with
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inorganic selenium (Faye et al., 2014). Camel colostrum con-
tained higher selenium concentration (46.2 £ 26.8), then de-
creased gradually down to 12.0 + 3.0 ng/mL at d90 postpartum
(Faye et al., 2014).

At our knowledge, there was no reference regarding com-
parison between species, except in Chen et al., (2020) where sel-
enium in CM appeared significantly lower (29.4 + 18.0 ng/mL)
than in cow milk (37.2 + 14.2) and similar to goat (28.1 + 10.4)
and buffalo milk (32.4 £ 11.0), but higher than yak milk
(14.0 £ 5.3 ng/mL). However, camel appears very sensitive to
selenium supplementation (Faye and Seboussi, 2009).

Other trace-elements

Few data are available on other trace elements in CM and
most of the time, only values are reported without clear de-
scription of the context (physiological stage, mineral supple-
mentation in the diet...).

Regarding molybdenum, CM concentration is around 650—
700 ng/mL. Few references are available also on other specific
milk, making difficult the comparisons.

Nickel was determined in CM in China (Chen et al.,
2020) and Nigeria giving comparable values, 131 £ 148 and
220 * 10 ng/mL respectively that is higher than in other species
(between 32 and 82 ng/mL).

Sulfur was determined in Bactrian camel (range 283-402 ng/
mL) and wild Bactrian CM (396 £ 8 ng/ml) in China (Jirimutu
et al. 2010).

The other trace elements in milk determined by
Chen et al., (2020) were aluminium (0.45 * 0.29 ng/mL), chro-
mium (13.6 £ 5.3 ng/mL), tin (50.6 * 29.0 ng/mL), and stron-
tium (3050 = 850 ng/mL). Compared to other species, CM
contained particularly more strontium. In the reference of
Elhardallou and El-Naggar (2016), mean value for chromium
was higher (193 ng/mL) but not strontium (151 ng/mL).

Lead, cadmium, and arsenic were also determined in CM
(Chen et al., 2020), but they are more contaminants than bio-
logical elements.

Conclusion

Despite statement of many review papers regarding CM
virtues, the mineral composition is not fundamentally dif-
ferent from cow milk. The main characteristics of the min-
eral composition of CM is its relative richness in K, Na, and
Cl and probably iron and zinc. However, due to the lack of
studies regarding the effect of some factors, notably the level
of minerals in diet, it is difficult to specify a camel reference
or usual values. Moreover, the variability in analytical pro-
cedures and the lack of accuracy in the methodology used by
several authors, resulting in highly contradictory results, lead
to regard some published data as highly questionable. An im-
portant effort should be done by the scientific community to
establish a clear status of the mineral composition of CM
potentially explaining some of the attributed health effect.

Conflict of interest statement. None declared.

Animal Frontiers

220z Jequisydag z0 uo Jasn NOILYININNDOA - VUNI Ad £€96£999/25/v/Z | /aI01He/ye/wod dno-olwapede//:sdiy wouj papeojumo(



About the Authors

Gaukhar Konuspayeva, N°ORCID : 0000-0003-0171-3582, h-index:
14. Professor of food biotechnology at Al-Farabi University, Almaty
(Kazakhstan), FAO consultant, Gaukhar Konuspayeva is a graduate
of the University of Montpellier (PhD and HDR in Food Sciences).
She worked for FAO in Saudi Arabia at the Camel Research Center
in Al-jouf (2010-2012), and then the Kharj Center (2012-2015) where
she developed extensive work on the composition and processing of
camel milk. She then carried out extensive expertise on this subject in
Kazakhstan, Morocco and Mauritania with FAO, Tunisia for the private
sector and participated in numerous international conferences, organ-
izing the 4th international ISOCARD (International Society of Camelid
Research and Development) conference at Almaty in 2015. She is also
partner of EU project CAMELMILK (PRIMA program). Since March
2021, she is a visiting researcher at UMR Selmet of CIRAD on the topic
of the development of the camel milk sector in the frame of MAK’IT
program. Corresponding author: konuspayevags@hotmail.fr

Bernard Faye, N°ORCID: 0000-0002-5762-5453, h-index: 35. Veterinarian,
specialized in tropical veterinary medicine, PhD Paris University and
HDR Montpellier University. Stay in Africa (Ethiopia, Niger) for re-
search and development activities (1975-1983) before joining National
Institute of Agricultural Research (INRA) as director of ecopathology
laboratory. Joining CIRAD (Centre for International Cooperation in
Agricultural Research for Development) as Head of Animal Productions
Program (1996). Starting study on camel mineral metabolism in Ethiopia
(1975). Gradually, through his international network of camel scien-
tists (North, Western and Horn of Africa, Middle-East, India, Central
Asia, Latin America), he founded the International Society for Research
and Development on Camelids (ISOCARD). At present chairman of
ISOCARD. In 2010-2015, working in Saudi Arabia as FAO consultant
in a camel research center. At present, emeritus researcher at CIRAD
and independent international camel expert. Author of 790 scientific

publications, 45 books and chapters 12 scientific editions. Website: http://
camelides.cirad.fr and http://www.isocard.net.

Mohammed Bengoumi,
Animal Production and
Health Officer, FAO/SNE
Moroccan born January 18,
1962 in Rabat. Veterinary
doctor in 1986, he joined the
IAV Hassan II as a teacher-
researcher. He  obtained
several degrees including
a Doctorate of Science in
1992. He has been Professor
of Clinical and Nutritional
Biochemistry for more than
20 years at the Agronomic
and Veterinary Institute
Hassan II in Morocco.
He has more than 95 publications and 300 scientific communications.
He joined the FAO in 2008 as head of animal production and health in
the MENA region and since 2010, he has held the same position at the
FAO office for the North Africa with the coordination of the Regional
Emergency Center for Transboundary Animal Diseases.

Literature Cited

Abdelgader, A.G.M., and A.A. Alhaider. 2016. The unique medicinal proper-
ties of camel products: a review of the scientific evidence. J. Taibah Univ.
Med. Sci. 11(2):98-103. doi:10.1016/j.jtumed.2015.12.007

Al-Awadi, FM., and 1.S. Srikumar. 2001. Trace elements and their distribution
in protein fractions of CM in comparison to other commonly consumed
milks. J. Dairy Res. 68:463-469. doi:10.1017/s0022029901005003

Al-Haj, O., and H.A. Al-Kanhal. 2010. Compositional, technological and nu-
tritional aspects of dromedary CM. Int. Dairy J. 20:811-821. doi:10.1016/j.
idairyj.2010.04.003

Al-Haj, O., R. Lajnaf, Z. Jrad, M.A. Alshuniaber, H.A. Jahrami, and
M.F. Serag El-Din. 2022. Comparison of ethanol stability and chemical
composition of CM from five samples. Animals. 12(5):615. doi:10.3390/
anil2050615

August 2022, Vol. 12, No. 4 59

220z Jequisydag z0 uo Jasn NOILYININNDOA - VUNI Ad £€96£999/25/v/Z | /aI01He/ye/wod dno-olwapede//:sdiy wouj papeojumo(


https://doi.org/10.1016/j.jtumed.2015.12.007
https://doi.org/10.1017/s0022029901005003
https://doi.org/10.1016/j.idairyj.2010.04.003
https://doi.org/10.1016/j.idairyj.2010.04.003
https://doi.org/10.3390/ani12050615
https://doi.org/10.3390/ani12050615
mailto:konuspayevags@hotmail.fr?subject=
http://camelides.cirad.fr
http://camelides.cirad.fr
http://www.isocard.net

Al-Wabel, N.A. 2008. Mineral contents of milk of cattle, camels, goats and
sheep in the central region of Saudi Arabia. Asian J. Biochem. 3(6):373—
375. doi:10.3923/ajb.2008.373.375

Alwan, O.A., and H.B. Zwaik. 2014. Milk composition of Libyan Maghrebi
camels (Camelus dromedaries) reared under farm and desert conditions.
In: Proceedings of International Conference on Chemical, Environment
& Biological Sciences (CEBS-2014). Sept 17-18, 2014, Kuala Lumpur
(Malaysia); p. 92-94.

Bengoumi, M., B. Faye, and J.C. Tressol. 1998. Composition minérale du lait
de chamelle du Sud-marocain. In: CIRAD, (coll. Colloques), editor. Actes
de l'atelier “Chameaux et dromadaires, Animaux laitiers” 24-26 oct. 1994.
Nouakchott (Mauritanie); p. 145-149.

Chen, L., X. Li, Z. Lia, and L. Deng. 2020. Analysis of 17 elements in
cow, goat, buffalo, yak, and CM by inductively coupled plasma
mass spectrometry (ICP-MS). RSC Adv. 10:6736. doi:10.1039/
d0ra00390e

Dell’Orto, V., D. Cattaneo, E. Beretta, A. Baldi, and G. Savoini. 2000. Effect
of trace element supplementation on milk yield and composition in camels.
Int. Dairy J. 10:873-879. doi:10.1016/S0958-6946(01)00023-1

Diacono, E., A. Meldebekova, G. Konuspayeva, and B. Faye. 2008. Plant,
water and milk pollution in Kazakhstan. In: Faye, B., and Y. Sinyavskiy,
editors. Proceedings of the international workshop, “Impact of pollution
on animal products”. Almaty, Kazakhstan, 27-30 Sept 2007; p. 107-116.

Elamin, EM., and C.J. Wilcox. 1992. Milk composition of Majaheim Camels.
J. Dairy Sci. 75:3155-3157. doi:10.3168/jds.S0022-0302(92)78079-5

Elhardallou, S.B., and A.Y. El-Naggar. 2016. Determination of micro min-
erals in milk from farm and pasture-reared cow, goat and camel; using in-
ductively coupled plasma-optical emission spectrometry. Orient. J. Chem.
32(1):341-347. doi:10.13005/0jc/320138

El Khasmi, M., F. Riad, A. Safwate, K. Hidane, B. Faye, M.J. Davicco,
V. Coxam, and J.P. Barlet. 2001. Postpartum evolution of mammary se-
cretion of minerals and 25-hydroxyvitamin D in lactating camels (Camelus
dromedarius). J. Camel Pract. Res. 8(2):131-135.

Faye, B., and M. Bengoumi. 2018. Camel clinical biochemistry and hema-
tology. New-York: Springer Publ.; p. 346.

Faye, B., G. Konuspayeva, and M. Bengoumi. 2019. Vitamins of CM: a com-
prehensive review. J. Camelid Sci. 12:17-32. http://www.isocard.net/en/
journal.

Faye, B., G. Konuspayeva, S. Messad, and G. Loiseau. 2008. Discriminant milk
components of Bactrian camel (Camelus bactrianus), dromedary (Camelus
dromedarius) and hybrids. Dairy Sci. Technol. 88:607-617. doi:10.1051/
dst:2008008

Faye, B., S. Saleh, G. Konuspayeva, A. Musaad, M. Bengoumi, and R. Seboussi.
2014. Comparative effect of organic and inorganic selenium supplemen-
tation on selenium status in camel. J. King Saud Univ. Sci. 26:149-158.
doi:10.1016/j.jksus.2013.10.003

Faye, B., and R. Seboussi. 2009. Selenium in camel — a review. Nutrients. 1:30—
49. doi:10.3390/nul1010030

Felfoul, I., E. Beaucher, C. Cauty, H. Attia, F. Gaucheron, and M.A. Ayadi.
2016. Deposit generation during camel and cow milk heating: microstruc-
ture and chemical composition. Food Bioprocess Technol. 9(8):1268-1275.
doi:10.1007/s11947-016-1714-1

Gorban, A.M.S., and O.M. Izzeldin. 1997. Mineral content of CM and colos-
trum. J. Dairy Res. 64(3):471-474. doi:10.1017/s0022029997002264

Haddadin, M., S.I. Gammoh, and R.K. Robinson. 2008. Seasonal variations
in the chemical composition of CM in Jordan. J. Dairy Res. 75(1):8-12.
doi:10.1017/50022029907002750

Hassen, K.A. 2020. Review on nutritional, medicinal value of CM and its
public health importance. Int. J. Integr. Educ. 3(12):348-363.

Jirimutu, B., J. Li, M.S. Alam, H. Li, M. Guo, and H. Zhang. 2010. Fatty acid
and protein profiles, and mineral content of milk from the wild Bactrian
camel (Camelus bactrianus ferus) in Mongolia. Milchwissenschaft. 65:21-25.

60

Khaldi, Z., M. Nafti, and M.T. Jilani. 2022. Baseline composition and mi-
crobial quality assessment of raw milk from endemic small ruminants and
Maghrebi camels in the oasis area of Tunisia. Res. Square (pre-print) 1-17.
doi:10.21203/rs.3.rs-1214012/v2

Konuspayeva, G., 2020. CM Composition and Nutritional Value. In:
Al-Haj, O., B. Faye, and R.D. Agrawal, editors. Handbook of research on
health and environmental benefits of camel products. Hershey, USA: IGI
Global; p. 15-40.

Konuspayeva, G., B. Faye, and G. Duteurtre. 2021. Commerce en ligne du lait
de chamelle: nouveaux acteurs, nouveaux marchés. Rev. Elev. Méd. Vét.
Pays Trop. 74(3):137-144. doi:10.19182/remvt.36746

Konuspayeva, G., B. Faye, G. Loiseau, M. Narmuratova, A. Ivashchenko,
A. Meldebekova, and S. Davletov. 2010. Physiological change in CM com-
position (Camelus dromedarius). 1. Effect of lactation stage. Trop. Anim.
Health Prod. 42:495-499. do0i:10.1007/s11250-009-9449-x

Konuspayeva, G., Faye, B., Narmuratova, M., Meldebekova, A., G. Loiseau.
2008. Variation factors of some minerals in CM. In: Faye, B. and
Y. Sinyavskiy, editors. Proc. of Intern. Workshop, « Impact of pollution on
animal products”. Almaty, Kazakhstan, 27-30 Septembre 2007;p. 125-132.
https://www.iospress.nl.

Mal, G., S. Sena, and M.S. Sahani. 2007. Changes in chemical and macro-
minerals content of dromedary milk during lactation. J. Camel Pract. Res.
14(2):195-197.

Mehaia, M.A. 1996. Chemical composition of camel skim milk concen-
trated by ultrafiltration. Int. Dairy J. 6:141-152. doi:10.1016/0958-
6946(95)00063-1

Mehaia, M.A., M.A. Hablas, K.M. Abdel-Rahman, and S.A. Le Mougy.
1995. Milk composition of Majaheim, Wadah and Hamra camels in
Saudi Arabia. Food Chem. 52:115-122. doi:10.1016/0308-8146(94)
P4189-M

Meldebekova, A., Konuspayeva, G., Diacono, E., and B. Faye. 2008. Heavy
metals and trace elements content in CM and shubat from Kazakhstan. In:
Faye, B., and Y. Sinyavskiy, editors. Proceedings of International Workshop,
“Impact of Pollution on Animal Products”. Almaty (Kazakhstan), 27-30
Sept 2007; p. 117-123.

Metwalli, A.A., and Y. Hailu. 2020. Effects of industrial processing methods
on CM composition, nutritional value, and health properties. In: AlHaj, O.,
B. Faye, and R.D. Agrawal, editors. Handbook of research on health and
environmental benefits of camel products. Hershey, USA: IGI Global,;
p. 197-239.

Oselu, S., Ebere, R., .M. Arimi. 2022. Camels, CM, and CM product situ-
ation in Kenya in relation to the world. Hindawi Int. J. Food Sci. 2022. ID
1237423. doi:10.1155/2022/1237423

Rashed, M.N. 1998. Trace elements in camel’s milk from Aswan city and
desert (Egypt). In: Actes de 'atelier “Chameaux et dromadaires, animaux
laitiers”, Nouakchott, Mauritanie, 24-26 Oct 1994; p. 205-210.

Sawaya, W.N., J.K. Khalil, A. Al-Shalhat, and H. Al-Mohammed. 1984.
Chemical composition and nutritional quality of CM. J. Food Sci. 49:744—
747. doi:10.1111/j.1365-2621.1984.tb13200.x

Seboussi, R., B. Faye, M. Askar, K. Hassan, and G. Alhadrami. 2009. Effect
of selenium supplementation on blood status and milk, urine and fecal ex-
cretion in pregnant and lactating camel. Biol. Trace Elem. Res. 128:45-57.
doi:10.1007/s12011-008-8251-3

Soliman, G.Z.A. 2005. Comparison of chemical and mineral content of milk
from human, cow, buffalo, camel and goat in Egypt. Egyptian J. Hosp.
Med. 21:116-130. doi:10.21608/ejhm.2005.18054

Wang, S.Y., J.P. Liang, W.J. Shao, and H. Wen. 2011. Mineral, vitamin and
fatty acid contents in the CM of dromedaries in the Anxi Gansu China. J.
Camel Pract. Res. 18(2):273-276.

Yagil, R., Z. Etzion, and M. Journal. 1980. Effect of drought condi-
tion on the quality of CM. J. Dairy Res. 47(2):159-166. doi:10.1017/
S0022029900021026

Animal Frontiers

220z Jequisydag z0 uo Jasn NOILYININNDOA - VUNI Ad £€96£999/25/v/Z | /aI01He/ye/wod dno-olwapede//:sdiy wouj papeojumo(


https://doi.org/10.3923/ajb.2008.373.375
https://doi.org/10.1039/d0ra00390e
https://doi.org/10.1039/d0ra00390e
https://doi.org/10.1016/S0958-6946(01)00023-1
https://doi.org/10.3168/jds.S0022-0302(92)78079-5
https://doi.org/10.13005/ojc/320138
http://www.isocard.net/en/journal
http://www.isocard.net/en/journal
https://doi.org/10.1051/dst:2008008
https://doi.org/10.1051/dst:2008008
https://doi.org/10.1016/j.jksus.2013.10.003
https://doi.org/10.3390/nu1010030
https://doi.org/10.1007/s11947-016-1714-1
https://doi.org/10.1017/s0022029997002264
https://doi.org/10.1017/s0022029907002750
https://doi.org/10.21203/rs.3.rs-1214012/v2
https://doi.org/10.19182/remvt.36746
https://doi.org/10.1007/s11250-009-9449-x
https://www.iospress.nl
https://doi.org/10.1016/0958-6946(95)00063-1
https://doi.org/10.1016/0958-6946(95)00063-1
https://doi.org/10.1016/0308-8146(94)P4189-M
https://doi.org/10.1016/0308-8146(94)P4189-M
https://doi.org/10.1155/2022/1237423
https://doi.org/10.1111/j.1365-2621.1984.tb13200.x
https://doi.org/10.1007/s12011-008-8251-3
https://doi.org/10.21608/ejhm.2005.18054
https://doi.org/10.1017/S0022029900021026
https://doi.org/10.1017/S0022029900021026

	Introduction
	Methodology
	Major Minerals in CM
	Calcium
	Phosphorus
	Magnesium
	Sodium
	Potassium
	Chloride

	Trace Elements in CM
	Copper
	Zinc
	Iron
	Manganese
	Selenium
	Other trace-elements

	Conclusion

