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Abstract: This study was conducted to investigate the nutritional values of female camels’ milk
and the minerals status, for them and their calves, when fed a total mixed ration (TMR) beside
alfalfa hay during winter. Thirty-seven lactating multiparous female camels and their calves were
selected at mid-lactation in the Al-Kharj region. Group one was fed only alfalfa hay ad libitum
(C) and group two was supplemented with a total mixed ratio (TMR; 4 kg/head/day), primarily
containing a mix of barley grain, wheat feed, palm kernel cake, soya hulls, vitamins and minerals.
Milk and blood samples were collected in the middle of the winter season and analyzed for minerals
using ICP-OES. A significant (p < 0.05) higher concentration was observed for protein and inorganic
matter in milk from female camels supplemented with TMR in the T group. In addition, Mg, Co, Fe
and Zn levels in milk significantly (p < 0.05) increased compared with the control group (C). Blood
serum concentrations of Ca, P, Mg, Cu, I, Se, Zn and Cd minerals in female camels were significantly
(p < 0.05) higher in the T group compared to the C group. Blood serum of the calves in the T group
was significantly (p < 0.05) at higher levels for all minerals than in the control group (C); except iodine.
Furthermore, significant correlations were reported between Co and Mn elements with most other
minerals under investigation. In conclusion, TMR supplementation in the T group of female camels
during lactation in the winter season is highly recommended since it improves the milk composition
and mineral profile.

Keywords: female camels; milk; minerals; heavy metals; winter; total mixed ration

1. Introduction

The ecosystem in the Middle East and Africa can be primarily classified as arid or
semi-arid, with approximately 70% of their lands receiving less than 100 mm of rainfall
per year. Traditionally livestock grazing on these lands has been a nomadic system. The
inadequate rangeland forage has forced nomadic people to shift to other feed resources
and consequently change their production system from nomadic to primarily settled, semi-
intensive systems [1]. The main consequence for the feeding behavior of camels in this
context is the change from a highly diversified diet (with important variability in nutritive
value and grazed ecosystems) to a very monotonous diet (typically alfalfa + more or less
barley + more or less concentrate [2].

Camels (Camelus dromedarius) are important dairy animals in semi-arid and arid
nomadic and other communities as a source of high-quality animal protein, fatty acids,
vitamins and minerals contained in milk [3]. Camel production systems are now shifting
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toward the semi-intensive approach that depends mainly on feed supplements to meet
nutrient requirements. Feed supplements consisting of alfalfa hay, Rhodes grass, barley,
wheat bran, crop by-products and, rarely, seasonal grazing pasture are the main source of
nutrients for camels which do not cover the nutrient requirements including trace minerals,
especially during lactation [4]. In camels, features such as low growth rate, seasonal
breeding, long gestation period, abortion, low milk production, diseases and the high
mortality rate of pre-weaning newborns and dams appear to be the major constraints on the
improvement of their productivity and general performance [5]. However, camels are well
known for their unique anatomy and physiology, which helps them to be suited for harsh
environments, poor feeding and water scarcity. However, the problem with this feature is
the unknown nutritional subclinical deficiencies during different seasons, which markedly
reduce camel performance and profitability. Many scientific studies have demonstrated
alterations in the absorption and metabolism of glucose, protein, lipids and minerals and
effects on liver biological function in heat or cold-stressed subjects [6–8].

Seasons are well documented to affect grazing ruminants’ health and productivity
since there is significant variation in feed availability and nutritive values. Moreover, the
animal requirements differ according to seasons, such as summer and winter. Winter
is a very stressful season for camels, especially lactating ones, affecting milk yield and
composition and so pre-weaned newborn camels’ health and growth rate. Dwyer et al. [9]
reported the mortality rate of livestock raised under an extensive system as follows: 9% of
beef cattle, 15% of sheep, 20% of goat and 30% of camels. The causes of high mortality rate
in camels may be caused by poor dam nutrition and late colostrum taking, which impairs
immunity transfer and, consequently, neonatal health and growth [10].

Trace and macro minerals are crucial for animal health and productivity, including
camels, especially when they become a limiting factor of the diet [11]. They play a pivotal
role in many physiological activities, and their deficiency causes various pathological
problems and metabolic defects [12]. The levels of nutrients and trace minerals intake are
known to affect the reproductive ability of male or female camels [13,14]. The trace minerals
such as selenium (Se), copper (Cu), zinc (Zn), manganese (Mn), cobalt (Co), iron (Fe), iodine
(I) and molybdenum (Mo) are involved in normal growth and productivity of livestock [15].
Infertility, non-infectious abortion, anemia and metabolic diseases are some of the main
clinical signs of deficiencies and abnormalities [16,17]. A few scientific studies have shown
evidence of camels’ sensitivity to trace and macro mineral disorders as a result of either
deficiency or toxicity in the same way as other ruminants [18]). Faye et al. [18,19], and Zong-
Ping et al. [20] have reported several incidences of clinical mineral deficiencies in camels
being underestimated because signs of subclinical deficiencies may remain undetected
for long periods. Regarding toxicity, evidence is even rarer. For example, some cases of
selenosis were described [21], as well as fluorosis [22].

Most of these studies in semi-arid and arid areas fail to consider the main factors
that affect the mineral and nutritional status of camels, such as seasons, age, breed, sex,
physiological status, and management risk factors, especially those linked to the feeding
system [23]. Such information is essential to establish a solid background for developing
supplementation programs during different seasons to improve camels’ reproductive and
production efficiency and, consequently, milk and meat quality and quantity. The results
indicated a lower concentration of some trace minerals in blood serum and tissue compared
with normal levels in camels, significantly varying by breed [24]. Alhidary et al. [25]
found that supplementing trace minerals to camels improves the average daily gain, feed
efficiency, liver mineral reserve, and immune response. The objective of this study was to
investigate the effect of total mixed ratio supplementation to one-humped female camels’
calves on milk composition and minerals status during the winter season compared to
female camels fed only alfalfa hay raised under semi-intensive systems.
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2. Materials and Methods
2.1. Experimental Site

This study was performed in the Al-Kharj agricultural region, located southeast of
Riyadh province, Saudi Arabia (23◦59′ N 47◦09′ E–24◦22′ N 47◦06′ E). The climate in this
area is typically arid, hot in the summer and cold in winter, with annual rain precipitation
of 132 mm. Winter starts in mid-September to the end of January, the coldest in December.
Moreover, the maximum temperature is 18 ◦C and the lowest is 5 ◦C.

2.2. Samples Collection and Management

Blood samples were taken with sterilized vacutainer tubes from the jugular vein of
37 multiparous female camels (at mid-lactation; ±2 months) and their calves, raised under
a semi-intensive system in Al-Kharj, Riyadh, with a different feeding protocol: Group one
(C) twenty female camels fed alfalfa ad libitium and group two (T) 17 female camels were
fed Total Mix Ration (TMR; 4 kg/head/day) beside the alfalfa hay ad libitum. The chemical
composition of the TMR is presented in Table 1. Blood samples were centrifuged (2000 for
10 min) to obtain serum. The serum was treated immediately with 10% trichloroacetic acid
(TCA) (1-part serum: 4 parts TCA) and centrifuged (1500× g for 10 min). The supernatants
were collected and stored at −20 ◦C until mineral analysis was performed. At the same
time, milk samples were collected from each female camel and prepared for composition
and mineral analysis.

Table 1. Composition and calculated nutrient content of the experimental diet.

Ingredients, %
Treatments

Alfalfa TMR

Barley grain - 30.45
Wheat feed - 26.00
Wheat Bran - 5.00

Palm kernel cake - 17.55
Soya Hulls - 13.40

Salt - 1.00
Limestone - 2.50
Molasses - 3.00

Acid buffer - 1.00
Commercial Premix - 0.10
Calculated analysis

Dry matter, % 91.3 90.8
Crude protein, % 14.1 13.24

Crude fiber, % 28.7 12.72
ME, Mcal/kg 16.8 2.79
Calcium (%) 378.86 617.27

Phosphorous (%) 1956.6 330.58
Iron (µg/g) 0.185 4.5

Copper (µg/g) 8.58 12.84
Zinc (µg/g) 12.5 15.65

Manganese (µg/g) 2064.6 2148.6
Selenium (µg/g) 1.47 17.51

Milk samples were immediately pipetted to prevent settling prior to removing the
sample. Milk composition (protein %, fat %, lactose % and total solid %) was analyzed after
collection using Milko-Scan FT6000 (Foss, Hillerød, Denmark). For trace metals analysis; a
0.5000 ± 0.001 g milk sample was weighed in an acid-washed Teflon™ vessel. Then, 1 mL
HNO3 (65% Riedel-de Haen, Hanover, Germany), 1 mL HCl (36% Avonchem, Macclesfield,
UK), 1 mL H2O2 (30% w/v Avonchem, UK) and 1 mL deionized H2O (Milli-Q quality)
were added to the sample before loading on the digestion units. The samples were digested
according to pre-set temperature program recommended by [26]. The digested samples
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were diluted in a 25 mL volumetric flask using 0.1 normality HCl and mixed very well.
Subsamples (5 mL) were taken in sterilized tubes for mineral analysis.

2.3. Mineral Analysis

Determinations of major, trace and heavy metals were determined using ICP-OES
equipped with a Meinhard Nebulizer type A2. Argon (purity higher than 99.999% supplied
by AH group (Dammam, Saudi Arabia) was used to sustain plasma and as a carrier
gas. The operating conditions employed for the ICP-OES determination were 1300 W
RF power, 15 L min−1 plasma flow, 0.2 L min−1 auxiliary flow, 0.8 L min−1 nebulizer
flow, and 1.5 mL min−1 sample uptake rate. The axial and radial view was used for
metals determination, while two-point background correction and three replicates were
used to measure the analytical signal, with the processing mode being the peak area. The
emission intensities were obtained for the most sensitive lines free of spectral interference.
The calibration standards were prepared by diluting the stock multi-elemental standard
solution (1000 mg L−1) in 0.5% (v/v) nitric acid. The calibration curves for all elements
were in the range of 1.0 ng mL−1 to 1.0 µg mL−1 (1–1000 ppb).

2.4. Statistical Analysis

Data were analyzed by using a completely randomized design, through ANOVA
(variance analysis), general linear model procedure (Proc GLM) of SAS (v. 9.4, SAS Institute
Inc., Cary, NC, USA. The statistical model was Y = µ + Ti + εij, where: Y = minerals
concentration in different tissues, blood serum, and milk (P, Mg, Co, Cu, Fe, I, Mn, Se, Cd,
Pb); Ti = the effect of the C or T diets; and εij = random error. The variation coefficients (R2

and VC) were considered to determine the models’ validity. A correlation was performed
to explain the relationship between the minerals in serum, blood and milk of female camels
and their calves. Differences among means were compared through LSD (least statistical
differences) considering p < 0.05.

3. Results
3.1. Female Camel Nutrition and Milk Composition

Protein content was significantly (p < 0.05) higher for female camels’ milk in the T
group supplemented with TMR (2.71%) than female camels’ milk in group C fed only
alfalfa hay (2.13%). In addition, the content of inorganic matter was significantly (p < 0.05)
higher in the female camels’ milk fed with TMR and alfalfa hay (0.79%) than in the C group
(0.65%) fed only alfalfa. Fat and lactose content did not statistically differ (p > 0.05) between
female camels’ milk in group C (2.29 % and 4.48 %, respectively), and group T (2.49 % and
4.22 %, respectively), as reported in Table 2.

Table 2. Camel milk’s nutritive value raised under semi-intensive system during winter.

Nutrients, (%) Group-C (n = 17) Group-T (n = 20) SEM p Value

protein 2.13 b 2.71 a 0.18 0.051
Fat 2.29 2.49 0.21 0.66

Lactose 4.48 4.22 0.15 0.40
Total solid 9.45 9.81 0.44 0.70

SNF 7.07 7.39 0.29 0.58
Inorganic matter 0.65 b 0.79 a 0.02 0.04

a,b Within a column, means without a common superscript are significantly different. Group-C: fed only alfalfa
hay ad libitum during the winter season in a semi-intensive production system. Group-T: fed alfalfa hay ad
libitum and 4 kg TMR/head/day during the winter season in a semi-intensive production system. p-value: less
than 0.05 considered significantly different. SEM: Standard error of means.
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3.2. Female Camel Nutrition and Minerals Content in Milk

The effects of feeding management on mineral concentrations in the milk and serum
of female camels and their calves are shown in Tables 3–5. On average, the rank of the
trace minerals levels, from higher to lower, in the milk of the control group were as follows:
iodine (46.15 µg/mL), followed by iron (27.77 µg/mL), copper (14.06 µg/mL), selenium
(3.90 µg/mL) and zinc (2.05 µg/mL). Other minerals, such as cadmium (0.045 µg/mL),
were present at the lowest concentration. Moreover, the highest value for macro minerals
was reported for Ca, followed by P, and the lowest was Mg for both groups. The same
trend was reported in the treated group with TMR. The content of Mg, Co, Fe, and Zn in
female camels’ milk (group T) fed TMR, and alfalfa hay in winter was significantly (p < 0.05)
higher than in female camels’ milk (group C) fed only alfalfa hay (Table 3). The serum
concentration of macro minerals Ca and P were significantly (p < 0.05) higher in the female
camel of the T group than in the C group. In contrast, the serum concentration of Mg in
female camels in the C group that were fed alfalfa hay was significantly (p < 0.05) higher
than in female camels in the T group. On the other hand, serum concentrations of trace
minerals such as Cu and Zn were significantly (p < 0.05) higher in female camels in the T
group while the serum concentrations of selenium were significantly (p < 0.05) higher in
female camels of group C compared to T group. In addition, the serum concentration of
the heavy metal, Cd was significantly (p < 0.05) higher in the serum of female camel in the
C group compared to the T group (Table 4).

A significantly (p > 0.05) higher concentration of macro minerals (Ca, P and Mg) was
observed in calves’ blood serum that suckled from female camels supplemented with TMR.
Similarly, the trace minerals (Co, Cu, Fe, Mg, Se and Zn) and heavy metals (Ca and Cd)
were significantly (p < 0.05) higher in concentration in the serum of calves that suckled
from female camels from group T than the blood serum of calves suckling female camels’
milk from the control group (Table 5). The two groups observed no significant differences
in iodine concentrations between serum female camels and calves (Table 5).

Table 3. Effect of concentrate supplementation to female camels beside alfalfa on element concentra-
tion of milk during winter.

Mineral Group-C (n = 17) Group-T (n = 20) SEM p-Value

Macro minerals, mg/dL
Calcium 214.80 201.9 1.64 0.71

Phosphorus 130.38 130.52 8.57 0.99
Magnesium 27.84 b 29.36 a 2.41 0.053

Trace minerals, µg/mL
Cobalt 0.311 b 0.536 a 0.14 0.04
Copper 14.06 15.48 1.41 0.34

Iron 27.77 b 32.99 a 1.52 0.03
Iodine 46.15 56.61 10.24 0.64

Manganese 1.954 2.669 0.33 0.29
Selenium 3.909 3.706 0.34 0.78

Zinc 2.058 b 2.694 a 0.41 0.054
Heavy metals, µg/mL

Cadmium 0.045 0.051 0.01 0.57
Lead 0.580 0.555 0.16 0.95

a,b Within a column, means without a common superscript are significantly different. Group-C: fed only alfalfa
hay ad libitum during the winter season in a semi-intensive production system. Group-T: fed alfalfa hay ad
libitum and 4 kg TMR/head/day during the winter season in a semi-intensive production system. p-value: less or
equal to 0.05 considered significantly different. SEM: Standard error of means.
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Table 4. Element concentrations (ug/mL) in the blood serum of female camels raised in a semi-
intensive system during winter.

Mineral Group-C (n = 17) Group-T (n = 20) SEM p Value

Macro minerals, µg/mL
Calcium 231.3 b 257.1 a 0.083 0.03

Phosphorus 139.77 b 219.87 a 16.88 0.01
Magnesium 35.62 a 30.571 b 1.186 0.02

Trace minerals, µg/mL
Cobalt 0.117 0.118 0.001 0.98
Copper 1.616 b 2.279 a 0.32 0.053

Iron 0.535 0.585 0.03 0.48
Iodine 0.053 0.092 0.002 0.16

Manganese 0.875 0.789 0.01 0.54
Selenium 1.253 a 0.962 b 0.03 0.050

Zinc 0.127 b 0.159 a 0.01 0.052
Heavy metals, µg/mL

Cadmium 0.024 a 0.023 b 0.0003 0.01
Lead 0.006 0.005 0.0008 0.87

a,b Within a column, means without a common superscript are significantly different. Group-C: fed only alfalfa
hay ad libitum during the winter season in a semi-intensive production system. Group-T: fed alfalfa hay ad
libitum and 4 kg TMR/head/day during the winter season in a semi-intensive production system. p-value: less or
equal to 0.05 is considered to be significantly different. SEM: Standard error of means.

Table 5. Elements concentration (ug/mL) in blood serum of calves s raise in a semi-intensive system
during winters.

Mineral Group-C (n = 17) Group-T (n = 20) SEM p-Value

Macro minerals, µg/mL
Calcium 293.0 b 326.1 a 0.080 0.04

Phosphorus 282.4 b 384.1 a 11.73 0.04
Magnesium 31.90 b 39.82 a 1.964 0.03

Trace minerals, µg/mL
Cobalt 0.01 b 0.02 a 0.004 0.04
Copper 1.46 b 2.82 a 0.41 0.052

Iron 0.55 b 0.76 a 0.04 0.01
Iodine 0.11 0.12 0.01 0.64

Manganese 0.08 b 0.09 a 0.003 0.051
Selenium 1.08 b 1.38 a 0.07 0.02

Zinc 0.18 b 0.20 a 0.008 0.055
Heavy metals, µg/mL

Cadmium 0.023 b 0.027 a 0.0001 0.002
Lead 0.005 b 0.009 a 0.0003 0.06

a,b Within a column, means without a common superscript are significantly different. Group-C: fed only alfalfa
hay ad libitum during the winter season in a semi-intensive production system. Group-T: fed alfalfa hay ad
libitum and 4 kg TMR/head/day during the winter season in a semi-intensive production system. p-value: less or
equal to 0.05 considered significantly different. SEM: Standard error of means.

3.3. Correlation between Minerals Concentrations

Mn and Co concentrations in the blood serum of female camel and milk and calf serum
were significantly (p < 0.05) correlated with most other minerals under investigation. In
the C group, the Mn in the serum of female camels and their calves showed significant
(p < 0.05) positive correlations with Mn, Cu, Fe, and Zn. On the other hand, Co showed
significant (p < 0.05) positive correlations with Cu and Se and significant (p < 0.05) negative
correlations with Mn and Fe within the C group (Table 6). In the T group, Mn in the serum
of female camels and their calves showed a significant (p < 0.05) positive correlation with
Mn, Co, Se and Zn, while it showed a significant (p < 0.05) negative correlation with Fe. In
addition, the mineral Co showed significant (p < 0.05) positive correlations with Mn, Co,
Cu, Se, and Zn in group T (Table 6).
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Table 6. Correlation coefficient of some trace elements for female camels and their calves blood serum.

Mineral Mn NB Cu NB Fe NB I NB Co NB Se NB Zn NB

Group-C

Mn D 0.990
**

0.946
*

0.962
* NC −0.945

* NC 0.901
*

Co D −0.945
*

0.903
**

−0.962
* NC 0.813

*
0.914

* NC

Group-T

Mn D 0.835
* NC −0.967

* NC 0.989
**

0.874
**

0.768
*

Co D 0.893
*

0.946
** NC NC 0.958

**
0.822

*
0.903

*
* = p < 0.05; ** = p < 0.01; NC = No correlation; D = female camels; NB = Newborn.

The correlation coefficients of minerals Mn and Co with minerals in the blood serum
and milk of female camel are presented in Table 7. In group C, Mn showed significant
(p < 0.05) positive correlations with minerals Fe, I, Se and Zn while, Co showed significant
(p < 0.05) positive correlations with minerals Mn, Fe, I and Co. In addition, the results
showed that Mn showed a significant (p < 0.05) positive correlation with minerals Mn, Cu,
Se and Zn minerals in group T (Table 7).

Table 7. Correlation coefficient of some trace elements for female camels’ blood serum and milk.

Mineral Mn M Cu M Fe M I M Co M Se M Zn M

Group-C

Mn D NC NC 0.961
**

0.964
* NC 0.864

**
0.871

*

Co D 0.990
** NC 0.973

**
0.961

*
0.788

* NC NC

Group-T

Mn D 0.936
**

0.988
*

−0.898
*** NC NC 0.966

***
0.875

**

Co D 0.932
** NC NC NC NC 0.768

*
0.945

**
* = p < 0.05; ** = p < 0.01; *** = p < 0.001; NC = No correlation; D = female camels; M = Milk.

The correlation coefficient of Mn and Co with other minerals in the blood serum of
calves and female camel milk is presented in Table 8. Mn showed significant (p < 0.05)
positive correlations with Fe, I, and Se, while Co was significantly (p < 0.05) positively
correlated with Fe and negatively with Cu in the C group. In addition, Mn showed
significant (p < 0.05) positive correlations with Fe, I, Co and Zn, and significant (p < 0.05)
negative correlation with Se. On the other hand, Co showed significantly (p < 0.05) positive
correlations with Mn, Fe, I and Zn, and negative ones with Se in the T group (Table 8).

Table 8. Correlation coefficient of some trace elements for calves’ blood serum and milk.

Mineral Mn M Cu M Fe M I M Co M Se M Zn M

Group-C

Mn NB NC NC 0.871
*

0.810
* NC 0.756

* NC

Co NB NC −0.891
*

0.903
** NC 0.988

** NC NC

Group-T

Mn NB NC NC 0.837
**

0.967
*

*0.875
**

−0.880
*

0.785
***

Co NB 0.965
** NC 0.837

**
0.938

*
0.817

*
−0.889

*
0.856

***
* = p < 0.05; ** = p < 0.01; *** = p < 0.001; NC = No correlation; NB = newborn calves; M = Milk.

4. Discussion

In Saudi Arabia, there is little information on mineral bioavailability so, the practice
of mineral supplementing is little or non-existent; therefore, it is possible that dietary
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imbalance is associated with mineral deficiencies. For dietary mineral imbalances and their
interrelationship, elements were determined in the blood serum and milk of female camels
with their calves, during winter. The current study aimed to estimate the micro and macro
minerals and heavy metals in the blood serum and milk of female camels and their calves
as indicators for determining the effect of supplementing TMR to female camels on their
newborns’ mineral status during winter. So, for trace minerals to be essential, they must be
part of biologically active molecules and affect animal productivity and health [11].

The female camel milk in the current study has low fat, protein, and total solid content
compared to Chinese Bactrian camel milk [27] and dromedary milk from Pakistan [28]. Still,
it is similar to dromedary milk [29,30] from different Saudi camel breeds [31] and Moroccan
camels [32]. In their meta-analysis, Konuspayeva et al. [33] showed higher concentrations
of chemical parameters in Bactrian and Asian dromedary compared to dromedary from
Arabian Peninsula and Africa. Unlike other dairy products, camel milk’s composition and
mineral content is mainly influenced by its water content [33]. Additionally, camel milk is
influenced by other factors such as feeding conditions, camel breed, stage of lactation, age,
and the number of calves [34]. In the present study, the results showed a significant effect
of feeding TMR on the protein content of female camels’ milk, which could be due to the
protein content of the diet. In addition, the content of inorganic matter in the milk of female
camels fed TMR was also significantly higher by (14%) compared to the C group. Milk
yield was not recorded in the present study, which could explain some results regarding
differences in milk composition between groups.

Dietary mineral bioavailability has not been well studied in camels and described in
the literature, but it is well documented in other ruminant animals. Micronutrients such as
Zn, Fe, Cu, Mn, Co, Mo, and Cr are required in minute amounts for homeostasis and optimal
body function, but excessive intake can have negative health consequences [35]. Thus,
our expectations regarding mineral metabolism in camels may differ from those of other
ruminants because of their digestive process, feeding behavior and other physiological
characteristics. In the present study, it was reported that the main mineral content (Ca,
P, and Mg) of female camels’ milk was higher compared to the milk of Chinese Bactrian
camels [27] and the milk of dromedary camels in Saudi Arabia [31,35]. However, the Mg
content of female camel milk was lower compared to the data reported for camels in Saudi
Arabia [35] and Somali, and Tur-kana camel breeds [36], which were performed in many
studies with large variations among them. The zinc concentration in the female camel
milk was similar to the value observed by Dell’Orto, Cattaneo, Beretta and Baldi [36] The
reason for these large variations could be due to the analytical methods used or factors not
considered. In this study, the trace mineral content in female camels’ milk was significantly
higher than in cow’s milk [37]. In contrast to previous studies in other countries, these
values differ. The Fe and Cu content (2.98 and 0.14 mg/100 g) were close to the results
of three dromedary camels reported by Al-Wabel et al. [38] The Cu content was slightly
lower than the value (0.22 mg/100 mL) reported by Raziq et al. [39] for camels from
mountainous Baluchistan, Pakistan, but significantly higher than the Fe and Cu content
(0.23 and 0.061 mg/100 g) reported by Soliman [40]. The high Fe, Cu, and P contents of
camel milk, as well as the fact that camels are fed dry plants, contribute to camel milk
being very salty and high in chloride [41]. In the current study, female camels fed TMR
had higher concentrations of Co, Fe and Zn in their milk than female camels from the C
group. According to the result of this study and previous studies, the overall means differ,
which may be due to several different factors, such as different physiological conditions
(e.g., stages of lactation), management, feeding, and statistical methodology. The effect of
trace elements in the diet on acid-base status is minimal because they are absorbed in such
small amounts [42].

The data obtained in this study showed that the minerals Ca, P, Cu, and Zn were in
significantly higher concentrations in the serum of female camel-fed TMR than in those
fed only alfalfa hay. Interestingly, the serum of calves that suckled from female camel-fed
TMR had the highest levels of macro (Ca, P and Mg) and trace mineral (Co, Cu, Fe, Mn,
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Se and Zn) than that of other calves. On the contrary, Dell’Orto [36] reported that feeding
supplements to lactating camels had no effect on calf plasma Ca, P, Mg, Zn and Fe levels.
The average plasma phosphorus concentration ranges from 4 to 9 mg/100 mL, depending
on the species and age of the animal, and P levels are more influenced by diet than Ca
levels [16]. Goff [42] found that serum P levels exceed 2.0 mmol/L and are related to 1,25-
dihydroxyvitamin D, which cannot be converted from 25-hydroxyvitamin D and causes
milk fever in the cow. Blood Mg levels are not regulated, they reflect dietary Mg intake. It
is influenced indirectly by calcium-regulating hormones such as calcitonin and parathyroid
hormones. [42].

Toxic heavy metals/metalloids (THMs) such as arsenic, cadmium, lead, and mercury
are relatively dense metals/metalloids that are not beneficial to humans or livestock and
cause carcinogenicity, organ toxicity, and other negative health effects in small amounts [43].
In addition to industrial, domestic, agricultural, medical, and technological applications of
THMs, exposure of food-producing animals (FPAs) and humans to toxic metals may result
in massive environmental pollution [44]. Based on these results, female camel milk had
the lowest levels of lead and cadmium compared to camel milk in Iran [45]. According to
the Food and Agriculture Organization, World Health Organization (WHO), and Codex
standard (CXS 193-2007), the determined limit for lead and cadmium is 20 µg/kg and
10 µg/kg, respectively. So, the results of this study showed that lead and cadmium levels
were below the recommended levels.

To our knowledge, no study has been conducted on the relationship between the
concentration of minerals in the serum and milk of female camels and their calves in
dromedary camels except selenium [46]. The mineral correlation test was performed
in this study to determine the main relationships between these minerals in serum and
milk for female camel and their calves. Manganese and cobalt were found to be strongly
correlated with other minerals investigated. Therefore, the correlation analysis and results
focused on Mn and Co in the serum and milk of female camels and their calves with other
minerals. Manganese is a component of the bone matrix; it is also part of glycoproteins and
enzymes [47]. Manganese is required for lipid metabolism and the synthesis of cholesterol,
which is required for the synthesis of estrogen, progesterone, and testosterone. Thus,
animals with a manganese deficiency have lower reproductive performance [47]. The
most common alterations due to magnesium deficiency are loss of appetite, excessive
rumen fermentation, decreased milk production and tetany [42]. Cobalt is an essential trace
element required for the formation of vitamin B12 (cobalamin) in humans and animals [48].
Cobalt deficiency is only seen in ruminants that consume low levels of copper in their
diets, which could lead to a deficiency of this vital vitamin, and cause metabolic disorders,
inappetence, weight loss, and reproductive problems [48]. This study found a significant
positive correlation between Mn and Co with Cu, Fe, Se, and Zn in calves’ blood serum,
female camel serum, and milk during the winter in the two groups. Previous studies have
shown that Mn reaches the fetus through the placenta, which is related to the amount of
Mn in the basal diet [49]. Fortunately, blood Mn concentration is not a good indicator of
nutritional status for this trace element. The increase in Mn levels may be due to glucose
levels [50]. Essawi and Gouda [51] reported in dromedary camels that newborn weight is
not significantly associated with female camel serum levels of the various minerals.

5. Conclusions

The nutrient requirement of female camels during lactation in the winter season is
higher than to be covered by diet. TMR supplementation improves nutritional milk value,
especially protein milk percentage, inorganic matter percentages, and mineral status of
female camels’ milk compared to female camels fed only alfalfa hay. Moreover, with TMR
supplementation, blood serum concentrations of Co, Mn, and Zn of female camels and their
calves were increased. Cobalt and Mn were found to have a high correlation with most
other studied minerals between female camels, calves and milk. It is highly recommended
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that female camels must be supplemented with TMR during lactation in the winter season
to improve their productivity and mineral status.

Author Contributions: Conceptualization, M.M.A. (Mutassim M. Abdelrahman) and B.F.; methodol-
ogy, M.M.A. (Mutassim M. Abdelrahman) and R.S.A.; software, M.M.A. (Mutassim M. Abdelrahman)
and A.M.M.; validation, M.M.A. (Mutassim M. Abdelrahman), A.M.M. and M.M.A. (Mohsen M.
Alobre); formal analysis, R.S.A.; investigation, A.M.M. and M.M.A. (Mohsen M. Alobre); resources,
A.M.M. and M.M.A. (Mohsen M. Alobre); data curation, M.M.A. (Mutassim M. Abdelrahman) and
B.F.; writing—original draft preparation, A.S.A.; writing—review and editing, M.M.A. (Mutassim M.
Abdelrahman) and A.M.M.; visualization, I.A.A.; supervision, M.M.A. (Mutassim M. Abdelrahman)
and R.S.A.; project administration, M.M.A. (Mutassim M. Abdelrahman); funding acquisition, M.M.A.
(Mutassim M. Abdelrahman) and I.A.A. All authors have read and agreed to the published version
of the manuscript.

Funding: This research was funded by the National Plan of Science, Technology and Innovation
(MAARIFAH), King Abdulaziz City for Science and Technology, Kingdom of Saud Arabia, Award
number 13 AGR 1208-02.

Institutional Review Board Statement: The study was conducted according to the guidelines of the
Declaration of Helsinki and approved by the Institutional Review Board (or Ethics Committee) of
King Saud University (KSU-SE-22-21 and 24 March 2022).

Informed Consent Statement: Informed consent was obtained from all subjects involved in the study.

Data Availability Statement: The data presented in this study are available on request from the
Corresponding author.

Acknowledgments: This project was funded by The National Plan of Science, Technology and
Innovation (MAARIFAH), King Abdulaziz City for Science and Technology, Kingdom of Saud Arabia,
Award number 13 AGR 1208-02.

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

References
1. Abdallah, H.; Faye, B. Typology of camel farming system in Saudi Arabia. Emir. J. Food Agric. 2013, 25, 250–260. [CrossRef]
2. Faye, B. Interaction Between Camel Farming and Environment. In Handbook of Research on Health and Environmental Benefits of

Camel Products; IGI Global: Hershey, PA, USA, 2020; pp. 363–378. [CrossRef]
3. Faye, B. The Camel, New Challenges for a Sustainable Development; Springer: Berlin/Heidelberg, Germany, 2016; Volume 48,

pp. 689–692. [CrossRef]
4. Faye, B. Camel farming sustainability: The challenges of the camel farming system in the XXIth century. J. Sustain. Dev. 2013, 6,

74–82. [CrossRef]
5. El-Zubeir, I.E.; Ehsan, M.N. Studies on some camel management practices and constraints in pre-urban areas of Khartoum State,

Sudan. Int. J. Dairy Sci. 2010, 5, 276–284. [CrossRef]
6. Lacetera, N.; Bernabucci, U.; Ronchi, B.; Nardone, A. Effects of selenium and vitamin E administration during a late stage of

pregnancy on colostrum and milk production in dairy cows, and on passive immunity and growth of their offspring. Am. J. Vete
Res. 1996, 57, 1776–1780. [CrossRef]

7. Ronchi, B.; Lacetera, N.; Bernabucci, U.; Nardone, A.; Verini Supplizi, A. Distinct and common effects of heat stress and restricted
feeding on metabolic status of Holstein heifers. Zootec. Nutr. Anim. 1999, 25, 11–20.

8. Moore, C.; Kay, J.; Collier, R.; VanBaale, M.; Baumgard, L. Effect of supplemental conjugated linoleic acids on heat-stressed Brown
Swiss and Holstein cows. J. Dairy Sci. 2005, 88, 1732–1740. [CrossRef]

9. Dwyer, C.; Conington, J.; Corbiere, F.; Holmøy, I.; Muri, K.; Nowak, R.; Rooke, J.; Vipond, J.; Gautier, J.-M. Invited review:
Improving neonatal survival in small ruminants: Science into practice. Animal 2016, 10, 449–459. [CrossRef]

10. Kamber, M.; Baume, N.; Saugy, M.; Rivier, L. Nutritional supplements as a source for positive doping cases? Int. J. Sport Nutr.
Exerc. Metab. 2001, 11, 258–263. [CrossRef]

11. Faye, B.; Bengoumi, M. Camel Clinical Biochemistry and Hematology; Springer: Cham, Switzerland, 2018. [CrossRef]
12. Deen, D. Metabolic syndrome: Time for action. Am. Fam. Phys. 2004, 69, 2875–2882.
13. El-Bahrawy, K.; El-Hassanein, E. Seasonal variations of some blood and seminal plasma biochemical parameters of male

Dromedary camels. Am. Eurasian J. Agric. Environ. Sci. 2011, 10, 354–360.
14. Ali, A.; Tharwat, M.; Al-Sobayil, F. Hormonal, biochemical, and hematological profiles in female camels (Camelus dromedarius)

affected with reproductive disorders. Anim. Reprod. Sci. 2010, 118, 372–376. [CrossRef]

http://doi.org/10.9755/ejfa.v25i4.15491
http://doi.org/10.4018/978-1-7998-1604-1.ch017
http://doi.org/10.1007/s11250-016-0995-8
http://doi.org/10.5539/jsd.v6n12p74
http://doi.org/10.3923/ijds.2006.104.112
http://doi.org/10.1016/j.anireprosci.2008.09.012
http://doi.org/10.3168/jds.S0022-0302(05)72846-0
http://doi.org/10.1017/S1751731115001974
http://doi.org/10.1123/ijsnem.11.2.258
http://doi.org/10.1007/978-3-319-95562-9
http://doi.org/10.1016/j.anireprosci.2009.08.014


Agriculture 2022, 12, 1855 11 of 12

15. Underwood, E.J. The incidence of trace element deficiency diseases. Philos. Trans. R. Soc. London B Biol. Sci. 1981, 294, 3–8.
[CrossRef]

16. McDowell, L.R.; Arthington, J.D. Minerals for grazing ruminants in tropical regions. In Minerals for Grazing Ruminants in Tropical
Regions; Institute of Food and Agricultural Sciences, University of Florida: Gainesville, FL, USA, 2005; p. 86.

17. Bicknell, D. Trace mineral and reproduction. Zimb. Herd Book 1995, 21, 19.
18. Faye, B.; Bengoumi, M. Trace-elements status in camels. Biol. Trace Elem. Res. 1994, 41, 1–11. [CrossRef]
19. Faye, B.; Saint-Martin, G.; Cherrier, R.; Ruffa, A. The influence of high dietary protein, energy and mineral intake on deficient

young camel (Camelus dromedarius)–II. Changes in mineral status. Comp. Biochem. Physiol. Comp. Physiol. 1992, 102, 417–424.
[CrossRef]

20. Zong-Ping, L.; Zhuo, M.; You-Jia, Z. Studies on the relationship between sway disease of Bactrian camels and copper status in
Gansu province. Vet. Res. Commun. 1994, 18, 251–260. [CrossRef]

21. Seboussi, R.; Faye, B.; Alhadrami, G.; Askar, M.; Bengoumi, M.; Elkhouly, A. Chronic selenosis in camels. J. Camel Pract. Res. 2009,
16, 25–38.

22. Diacono, E.; Faye, B.; Bengoumi, M.; Kessabi, M. Hydrotelluric and industrial fluorosis survey in the dromedary camel in the
south of Morocco. In Impact of Pollution on Animal Products; Springer: Berlin/Heidelberg, Germany, 2008; pp. 85–90. [CrossRef]

23. Osman, T.; Al-Busadah, K. Normal concentrations of twenty serum biochemical parameters of she-camels, cows and ewes in
Saudi Arabia. Pak. J. Biol. Sci. 2003, 6, 1253–1256. [CrossRef]

24. Abdelrahman, M.M.; Aljumaah, R.S.; Ayadi, M. Selenium and iodine status of two camel breeds (Camelus dromedaries) raised
under semi intensive system in Saudi Arabia. Ital. J. Anim. Sci. 2013, 12, e14. [CrossRef]

25. Alhidary, I.A.; Abdelrahman, M.M.; Harron, R.M. Effects of a long-acting trace mineral rumen bolus supplement on growth
performance, metabolic profiles, and trace mineral status of growing camels. Trop. Anim. Health Prod. 2016, 48, 763–768. [CrossRef]

26. Helrich, K. Official methods of analysis of the Association of Official Analytical Chemists; Association of Official Analytical Chemists:
Arlington, VA, USA, 1990; Volume 2.

27. Zhao, D.-B.; Bai, Y.-H.; Niu, Y.-W. Composition and characteristics of Chinese Bactrian camel milk. Small Rumi. Res. 2015, 127,
58–67. [CrossRef]

28. Faraz, A.; Waheed, A.; Tauqir, N.; Mirza, R.; Ishaq, H.; Nabeel, M. Characteristics and composition of camel (Camelus dromedarius)
milk: The white gold of desert. Adv. Anim. Vet. Sci. 2020, 8, 766–770. [CrossRef]

29. Nagy, P.; Fábri, Z.N.; Varga, L.; Reiczigel, J.; Juhász, J. Effect of genetic and nongenetic factors on chemical composition of
individual milk samples from dromedary camels (Camelus dromedarius) under intensive management. J. Dairy Sci. 2017, 100,
8680–8693. [CrossRef] [PubMed]

30. Ayadi, M.; Aljumaah, R.S.; Musaad, A.; Samara, E.M.; Abelrahman, M.; Alshaikh, M.; Saleh, S.K.; Faye, B. Relationship between
udder morphology traits, alveolar and cisternal milk compartments and machine milking performances of dairy camels (Camelus
dromedarius). Span J. Agri. Res. 2013, 3, 790–797. [CrossRef]

31. Mehaia, M.A.; Hablas, M.A.; Abdel-Rahman, K.M.; El-Mougy, S.A. Milk composition of majaheim, wadah and hamra camels in
Saudi Arabia. Food Chem. 1995, 52, 115–122. [CrossRef]

32. Ismaili, M.A.; Saidi, B.; Zahar, M.; Hamama, A.; Ezzaier, R. Composition and microbial quality of raw camel milk produced in
Morocco. J. Saudi Soc. Agric. 2019, 18, 17–21. [CrossRef]

33. Haddadin, M.S.; Gammoh, S.I.; Robinson, R.K. Seasonal variations in the chemical composition of camel milk in Jordan. J. Dairy
Res. 2008, 75, 8–12. [CrossRef]

34. Zhang, H.; Yao, J.; Zhao, D.; Liu, H.; Li, J.; Guo, M. Changes in chemical composition of Alxa Bactrian camel milk during lactation.
J. Dairy Sci. 2005, 88, 3402–3410. [CrossRef]

35. Al-Otaibi, M.; El-Demerdash, H. Nutritive value and characterization properties of fermented camel milk fortified with some
date palm products chemical, bacteriological and sensory properties. Int. J. Nutr. Food Sci. 2013, 2, 174–180. [CrossRef]

36. Dell’Orto, V.; Cattaneo, D.; Beretta, E.; Baldi, A. Effects of trace element supplementation on milk yield and composition in camels.
Int. Dairy J. 2000, 10, 873–879. [CrossRef]

37. Agrawal, R.; Kochar, D.; Sahani, M.; Tuteja, F.; Ghorui, S. Hypoglycemic activity of camel milk in streptozotocin induced diabetic
rats. Int. J. Diab. Dev. Ctries. 2004, 24, 47–49.

38. Al-Wabel, N. Mineral contents of milk of cattle, camels, goats and sheep in the central region of Saudi Arabia. Asian J. Biochem.
2008, 3, 373–375. [CrossRef]

39. Raziq, A.; de Verdier, K.; Younas, M.; Khan, S.; Iqbal, A.; Khan, M.S. Milk composition in the Kohi camel of mountainous
Balochistan, Pakistan. J. Camel. Sci. 2011, 4, 49–62.

40. Soliman, G.Z. Comparison of chemical and mineral content of milk from human, cow, buffalo, camel and goat in Egypt. Egypt. J.
Hosp. Med. 2005, 21, 116–130. [CrossRef]

41. Khaskheli, M.; Arain, M.; Chaudhry, S.; Soomro, A.; Qureshi, T. Physico-chemical quality of camel milk. J. Agri. Soc. Sci. 2005, 2,
164–166.

42. Goff, J.P. Macromineral physiology and application to the feeding of the dairy cow for prevention of milk fever and other
periparturient mineral disorders. Anim. Feed Sci. Technol. 2006, 126, 237–257. [CrossRef]

43. Jaishankar, M.; Tseten, T.; Anbalagan, N.; Mathew, B.B.; Beeregowda, K.N. Toxicity, mechanism and health effects of some heavy
metals. Interdiscip. Toxicol. 2014, 7, 60–72. [CrossRef]

http://doi.org/10.1098/rstb.1981.0085
http://doi.org/10.1007/BF02917213
http://doi.org/10.1016/0300-9629(92)90156-K
http://doi.org/10.1007/BF01839191
http://doi.org/10.1007/978-1-4020-8359-4_8
http://doi.org/10.3923/pjbs.2003.1253.1256
http://doi.org/10.4081/ijas.2013.e14
http://doi.org/10.1007/s11250-016-1022-9
http://doi.org/10.1016/j.smallrumres.2015.04.008
http://doi.org/10.17582/journal.aavs/2020/8.7.766.770
http://doi.org/10.3168/jds.2017-12814
http://www.ncbi.nlm.nih.gov/pubmed/28843681
http://doi.org/10.5424/sjar/2013113-4060
http://doi.org/10.1016/0308-8146(94)P4189-M
http://doi.org/10.1016/j.jssas.2016.12.001
http://doi.org/10.1017/S0022029907002750
http://doi.org/10.3168/jds.S0022-0302(05)73024-1
http://doi.org/10.11648/j.ijnfs.20130204.13
http://doi.org/10.1016/S0958-6946(01)00023-1
http://doi.org/10.3923/ajb.2008.373.375
http://doi.org/10.21608/ejhm.2005.18054
http://doi.org/10.1016/j.anifeedsci.2005.08.005
http://doi.org/10.2478/intox-2014-0009


Agriculture 2022, 12, 1855 12 of 12

44. Tchounwou, P.B.; Yedjou, C.G.; Patlolla, A.K.; Sutton, D.J. Heavy metal toxicity and the environment. Exp. Suppl. 2012, 101,
133–164.

45. Mostafidi, M.; Moslehishad, M.; Piravivanak, Z.; Pouretedal, Z. Evaluation of mineral content and heavy metals of dromedary
camel milk in Iran. Food Sci. Technol. 2016, 36, 717–723. [CrossRef]

46. Seboussi, R.; Faye, B.; Alhadrami, G.; Askar, M.; Ibrahim, W.; Hassan, K.; Mahjoub, B. Effect of different selenium supplementation
levels on selenium status in camel. Biol. Trace Elem. Res. 2008, 123, 124–138. [CrossRef]

47. Miyasaka, S.A. Nutrición Animal. Editorial Trillas Sa De Cv. México. 2015. Available online: https://books.google.co.ve/books?
id=1vkrPwAACAAJ&num=20 (accessed on 17 September 2022).

48. Tokarnia, C.H.; Peixoto, P.V.; Barbosa, J.D.; Brito, M.F.; Döbereiner, J. Deficiência de cobre. Deficiências Minerais Em Anim. Prod.
2010, 191, 88–102.

49. Gamble, C.; Hansard, S.; Moss, B.; Davis, D.; Lidvall, E. Manganese utilization and placental transfer in the gravid gilt. J. Anim.
Sci. 1971, 32, 84–87. [CrossRef] [PubMed]

50. Hidiroglou, M.; Knipfel, J. Maternal-fetal relationships of copper, manganese, and sulfur in ruminants. A review. J. Dairy Sci.
1981, 64, 1637–1647. [CrossRef]

51. Essawi, W.; Gouda, H. Inter-Relationship between some Trace Elements during Pregnancy and Newborn Birth Weight in
Dromedary Camels. Zagazig Vet. J. 2020, 48, 319–327. [CrossRef]

http://doi.org/10.1590/1678-457x.16116
http://doi.org/10.1007/s12011-008-8107-x
https://books.google.co.ve/books?id=1vkrPwAACAAJ&num=20
https://books.google.co.ve/books?id=1vkrPwAACAAJ&num=20
http://doi.org/10.2527/jas1971.32184x
http://www.ncbi.nlm.nih.gov/pubmed/5546880
http://doi.org/10.3168/jds.S0022-0302(81)82741-5
http://doi.org/10.21608/zvjz.2020.30628.1109

	Introduction 
	Materials and Methods 
	Experimental Site 
	Samples Collection and Management 
	Mineral Analysis 
	Statistical Analysis 

	Results 
	Female Camel Nutrition and Milk Composition 
	Female Camel Nutrition and Minerals Content in Milk 
	Correlation between Minerals Concentrations 

	Discussion 
	Conclusions 
	References

