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Introduction: The rutting period imposes a stressful condition on male camels,

which results in elevated serum cortisol levels and alterations in their sexual

behavior. Therefore, the current work was carried out to investigate the

e�ect of mineral-vitamin premix supplementation on behavior, reproductive

performance, hormones, serum oxidative stress profile, and other serum

biochemical parameters of Camelus dromedarius during the breeding season.

Methods: Fourteen mature, fertile male Camelus dromedarius were divided into

two groups, a control group (n = 7) and a mineral-vitamin premix group (n = 7).

The present study lasted for 95 days during the rutting period (1st February to

5th May). Each camel in the premix group received a daily diet of 50 g of mineral-

vitamin premix throughout the whole rutting period, during which the frequencies

and durations of the following behaviors: maintenance, posture, aggressiveness,

and sexual activity were collected every 20 min. At the end of the study, blood

samples were collected.

Results: Results revealed that the premix group showed higher (P < 0.05)

maintenance (feeding and rumination), standing, and overall sexual desire-

related behavior frequency, besides more times (P < 0.001) for rumination,

standing, walking, and lying while showing lower (P < 0.001) frequencies of

overall aggressive behaviors than the control group. The serum concentration

of malondialdehyde, nitric oxide, cortisol, blood glucose, and urea evidenced a

significant decrease in the premix group compared with the control one, while

significantly elevated levels of reduced glutathione, testosterone, total antioxidant

capacity, triiodothyronine, and thyroxin, total protein, albumin, globulin, calcium,

phosphorus, potassium, and magnesium were recorded in the premix group in

comparison with the control.

Conclusion: It could be concluded that daily dietary supplementation of

50g of mineral-vitamin premix to male camels during the breeding season is

necessary to overcome the oxidative stress and serum cortisol concentration
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with a subsequent decrease in aggressive behavior and improvement to

testosterone level in blood, body condition score and body weight gain.
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Introduction

Approximately 75% of the Camelus dromedarius population is
raised in arid and semi-arid regions, including Egypt, due to the
unique physiological characteristics that enable them to survive
and perform in such harsh environments (1). Unfortunately,
these regions are deficient in mineral elements, which adversely
affect animal production and reproduction (2). In addition, due
to climatic changes and global warming, camel farmers changed
their production systems from those based on herd mobility
to primarily settled and semi-intensive systems. Moreover, in
the more intensive systems, camel feeding becomes progressively
dependent on supplements as a means to provide the nutrient
requirements. Furthermore, the feeding system of camels changed
from a highly diversified diet (with high variability in nutritive
value and grazed ecosystems) to a standard diet (typically alfalfa,
occasionally barley, and concentrates). Such diets do not necessarily
cover the nutrient requirements, including trace minerals (3).

The rutting period implies the breeding season of maleCamelus

dromedarius, which extends for 120–180 days in Egypt (4). It
imposes a stressful condition on male camels, leading to a change
in the feeding behavioral pattern of camels, including partial to
complete loss of appetite (off food) (5, 6), and the body condition of
camels deteriorates during this period accompanied by a reduction
in body weight (7). Moreover, camels exhibit aggressiveness toward
other males and humans (8). This aggressiveness is simultaneous
with an elevation in serum cortisol concentration (9), which
drives Camelidae farmers to tie male camels with ropes in single
stalls (10, 11). More than that, the elevated cortisol concentration
negatively affects testosterone production by Leydig cells (10),
with subsequent alterations in their sexual behavior (9, 10).
Furthermore, the regions of raising camels (arid and semiarid),
the change in the rearing system, and the rutting period may all
be associated with a deficiency in mineral or vitamin elements,
which adversely affect the animal’s production and reproduction,
and camels may suffer from the growth retardation of newborns,
low feed efficiency, anemia, poor fertility, poor reproduction,
and many other metabolic disorders (2, 3). In this regard, trace
minerals are crucial for animal health and productivity due to their
multiple functions, roles, and activities within the animal body
which are affected by many factors such as genes, age, and different
requirements for maintenance and growth, as well as the level of
production and reproduction (2, 3, 12). In addition, an animal’s
trace mineral status has an important role in different physiological
stages, especially throughout the stress periods and during hard
exercise, so its requirements can be increased to meet the immune
and metabolic stress demands (12, 13). Any deficiency in trace
minerals may result in a variety of pathological problems and
metabolic defects (3). Therefore, the strategic use of feed additives
has the potential to increase the efficiency of feed and animal

production. Feed efficiency is a repercussion of health, nutrition
quality, management, and reproductive performance (14), and
camels must be supplied with all essential nutrients despite the
hostile environment, same as other animals (2).

Finally, as a result of the steady increase in human population
numbers and the insufficient food production in Africa and parts
of Asia, it is compulsory to develop suitable systems for livestock
production, accompanied by the optimal and effective utilization
of available and untapped native resources (15). In this regard,
camels could be a future target due to being regarded as one of
the most important meat-producing animals in Egypt. Moreover,
the use of camels as a source of meat, milk, and work has been
highly elevated in recent years (15). Therefore, this study was
conducted to investigate the impact of the addition of mineral-
vitamin premix to the ration of mature male Camelus dromedarius

during the rutting period in Egypt to overcome the negative
impact of rutting season on the behavior (walking, standing, lying,
rumination, and sexual activity), performance (body condition
score, body weight, and body weight gain), serum oxidative stress
profile [total antioxidant capacity (TAC), malondialdehyde (MDA),
nitric oxide (NO), and reduced glutathione (GSH)], hormone
levels [testosterone, cortisol, triiodothyronine (T3), and thyroxin
(T4)], and other serum biochemical parameters [total protein
(TP), albumin, globulin, A/G ratio, blood glucose, creatinine, urea,
calcium (Ca+2), phosphorus, potassium (K+), and magnesium].

Materials and methods

Ethical approval

The protocol of this experiment was approved by Zagazig
University’s institutional animal care and use committee (ZU-
IACUC) under the number (ZU-IACUC\2\F\80\2023).

Animals and management

Fourteen mature fertile male Camelus dromedarius aged 5–8
years, that reached puberty at 3–4 years (16), weighed 400–
450 kg, and had a body condition score of 3.5 ± 0.35 standard
error mean (SEM) (17), were used in the current study. This
field study was conducted on Camelus dromedarius that were
owned by camel owners in Bani-Adi village, Assiut governorate
(latitude 24◦ 48′N and longitude 46◦ 31′E) in Egypt. This study
lasted for 95 days during the rutting season (1 February-5 May).
Semi-covered areas with sand floors (15 m2/camel) were used as
housing (18).

Camelus dromedarius has been fed a commercial diet (Abo
Donkol Feeds, Egypt) with a constant quantity and quality of feed
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FIGURE 1

The schematic cartoon of the study. It is designed by BioRender.com.

during the experiment period with free access to fresh water. The
quantity was approximately 3% of their live weight in dry matter,
while the quality was 40% concentrate (11% protein) and 60%
hay. The recommended feeding schedule was 8–9 a.m. concentrate,
11 a.m.−12 p.m. hay, and 4–5 p.m. concentrate.

Design of the study

Fourteen male dromedary camels were used (n= 7 per group):
the control group was fed the basal diet only, and the premix group
received the control diet plus 50 g of mineral-vitamin premix per
camel daily throughout the whole rutting period. The schematic
cartoon of this study is illustrated in Figure 1. All the chemical
constituents of the mineral and vitamin premix are listed in Table 1.
The study period, from 1 February to 5 May (95 days), was divided
into two periods. The first period was the adaptation period which
extended from 1 to 28 February (4 weeks), where on 2, 9, 16, and 23
February the animals were watched for 1 h twice weekly (Saturday
and Tuesday) in the morning (8:20–8:40), midafternoon (12:20–
12:40), and afternoon (3:20–3:40) to give the camels time to adapt to
unfamiliar human and/ or camera presence. Also, the management
system of camels was similar in all groups during the study, and
getting rid of any abnormal health conditions such as cough, fever,
weakness, or any abnormal behavior camel may display (such as
a lame camel or biting or kicking). The second period was the
rutting period, which lasted from 1March to 5May (66 days, nearly
10 weeks), which is considered the breeding season of camels in
Egypt (18).

Behavioral variables observation

Totally 280 h of camels’ behaviors (140 h per group) were
recorded (1 h twice a week (Saturday and Tuesday) as 20min

in the morning (8:20–8:40), midafternoon (12:20–12:40), and
afternoon (3:20–3:40) for 10 weeks, which were analyzed
using the focal sample technique [3 times per day\2 days
(Saturday and Tuesday)\week = 1 h × 2 days × 10 weeks ×

7 camels = 140 h per each group] (19). The behaviors were
recorded visually using a notebook for recording behavior
and a stopwatch. The posture (including standing, lying,
and walking), maintenance (including feeding, drinking, and
rumination), aggressive behavior (including biting, kicking,
and fighting), and sexual behavior (including teeth grinding,
blathering, gulla extrusion, tail flapping, open legs, yawning,
poll gland secretion, neck rubbing, and urination) durations
and their frequencies per 20min were recorded according to the
ethogram (15).

Trough leftovers score

Visual observation was done daily after 2 h of feeding for the
scoring of trough leftovers. The scores were assessed on a scale from
1 to 5, according to Stadler et al. (20).

Evaluation of average body weight and
body weight gain

The average of initial and final body weights was weighted by
kilograms (kg), and the average weight gain was calculated by the
difference between them.

Evaluation of the body condition score

Body condition score was evaluated via visual assessment
from an interval space of 2–3m far from the camel, while hump
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size was assessed by an approximate determination of the dorsal
line proportion occupied by the body structure as illustrated by
Robinson (21).

TABLE 1 The chemical constituents of the mineral and vitamin premix.

Ingredients Amount per 50 g

Vitamin (Vit.) A (IU) 7,619

Vit. D3 (IU) 2,619

Vit. E (mg) 27.15

Vit. B1 (mg) 2.4

Vit. B2 (mg) 0.95

Vit. B6 (mg) 2.85

Vit. B12 (mg) 14.3

Vit. C (mg) 2.15

Vit. K3 (mg) 2.4

Nicotinamide (mg) 14.3

Methionine (mg) 14.3

Calcium pantothenate (mg) 3.2

Folic acid (mg) 1.45

Choline chloride (mg) 4.75

Biotin (mg) 2.85

Magnesium sulfate (mg) 288.1

Selenium (mg) 1.35

Zinc sulfate (mg) 264.3

Copper sulfate (mg) 139.3

Cobalt sulfate (mg) 2.4

Manganese (mg) 238.7

Iron sulfate (mg) 369.05

Iodine (mg) 1.45

Sodium chloride (g) 7.05

Potassium iodate (ppm) 11.9

Body condition score represented by 0–5 which refers to the
flank and rib regions, and another score of 0–5 refers to the
hindquarters, which is illustrated by Faye et al. (17) and explained
in tables by Iglesias et al. (22).

The average score will be the final value for the body condition
of each individual (23).

Blood sampling

At the end of the rutting period, the blood specimen was
taken from the jugular vein and placed into plain vacuum tubes.
Then, the tubes were left for 20min in an inclined position at
room temperature. After that, the tubes were kept in the fridge to
evade glycolysis and until there was complete blood clot retraction.
Following that, the samples were put in the centrifuge for 10min at
3,000 rpm (1,107 ×g) for the separation of the clear serum, which
was carefully collected in Eppendorf tubes and stored at −80◦C
until hormonal and biochemical analysis.

Oxidative stress analysis

Oxidative stress variables, including serum malondialdehyde
(MDA), total antioxidant capacity (TAC), reduced glutathione
(GSH), and nitric oxide (NO), were analyzed via the colorimetric
method using commercial kits (Biodiagnostic, Egypt). Oxidative
stress variables were assayed using a semi-automatic photometer
(5,010 V5+, photometer, RIELE Co., Germany) according to the
manufacturer’s instructions.

Hormonal analysis

Serum concentrations of cortisol, triiodothyronine (T3),
thyroxin (T4), and testosterone were investigated using commercial
ELISA kits (Accu Bind Monobind Inc., Lake Forest, United States).
The ELISA reader was used (ChroMate, Model 4300 microplate
reader, FL, United States) at 450 nm.

FIGURE 2

E�ect of mineral-vitamin premix supplementation on maintenance frequency behaviors of male Camelus dromedarius during the rut season.

*Significance (*P < 0.05), compared with the control group using an independent-sample t-test.
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FIGURE 3

E�ect of mineral-vitamin premix supplementation on maintenance duration behaviors of male Camelus dromedarius during the rut season.

*Significance (***P < 0.001), compared with the control group using an independent-sample t-test.

FIGURE 4

E�ect of mineral-vitamin premix supplementation on posture

frequency behaviors of male Camelus dromedarius during the rut

season. *Significance (*P < 0.05, ***P < 0.001), compared with the

control group using an independent-sample t-test.

FIGURE 5

E�ect of mineral-vitamin premix supplementation on posture

duration behaviors of male Camelus dromedarius during the rut

season. *Significance (***P < 0.001), compared with the control

group using an independent-sample t-test.

Serum biochemical analysis

Serum biochemical parameters, including blood glucose,
total protein (SPINREACT, Spain), urea (Diamond, Egypt),
creatinine, albumin, calcium phosphorus, magnesium, and

potassium (Human Co., Germany), were investigated via the
colorimetric method using the commercial kits. Globulin levels
and the albumin/globulin (A/G) ratio were calculated (24). All
parameters were determined using a semi-automatic photometer
(5010 V5+, photometer, RIELE Co., Germany) according to the
manufacturer’s instructions.

Statistical analysis

All obtained data variables were analyzed using independent-
sample t-tests using the SPSS software program version 23.0 (25).
The obtained result was expressed as mean ± standard error (SE),
and P < 0.05 was assumed to reflect statistical significance.

Results

Behavioral variables

The effects of mineral-vitamin premix supplementation on
maintenance behavior (frequency and duration), posture, and
aggressive and sexual behaviors of male Camelus dromedarius

during the rutting season are shown in Figures 2–7. Mineral-
vitamin premix supplementation had a significant effect on
maintenance and posture behaviors. The premix group showed
higher (P < 0.05) frequencies of maintenance (feeding and
rumination, Figures 2, 3) and posture (standing and walking,
Figures 4, 5) as compared with the control group. The time
consumed for feeding, rumination, andwalking behaviors showed a
significant increase (P < 0.001) in the premix group in comparison
with the control group. Mineral-vitamin premix supplementation
significantly affected the sexual and aggressive behaviors of male
dromedaries, where the premix group expressed a higher (P <

0.05) frequency of some sexual desire-related behaviors, including
extruding gulla and poll gland secretion. On the other hand, there
was a significant decrease in the frequency of aggressive behaviors
compared with the control group, as shown in Figures 6, 7.
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FIGURE 6

E�ect of mineral-vitamin premix supplementation on aggressive behaviors of male Camelus dromedarius during the rut season. *Significance (*P <

0.05, ***P < 0.001), compared with the control group using an independent-sample t-test.

FIGURE 7

E�ect of mineral-vitamin premix supplementation on sexual behaviors of male Camelus dromedarius during the rut season. *Significance (*P < 0.05,

***P < 0.001), compared with the control group using an independent-sample t-test.

TABLE 2 E�ect of mineral-vitamin premix supplementation on the

scoring of trough leftovers, body weight, body gain, and body condition

score (mean ± standard error) of male Camelus dromedarius during rut

season (n = 7/group).

Control group Premix group

Scoring of trough leftovers 3.14± 0.29 2.42± 0.20∗

Body condition score 2.57± 0.20 3.29± 0.14∗

Average initial body weight (kg) 404.86± 2.13 408.14± 2.28

Average final body weight (kg) 485.00± 6.47 515.00± 6.89∗∗∗

Average body weight gain (kg) 80.14± 6.16 106.87± 6.66∗

Significance (∗P < 0.05 and ∗∗∗P < 0.001), compared with the control group using an

independent-sample t-test. Kg: Kilogram.

Scoring of trough leftovers, body weight,
body gain, and body condition

The scoring of trough leftovers, average final body weight, body
gain, and body condition score were significantly elevated in the
premix-treated group in comparison with the control one (Table 2).

TABLE 3 E�ect of mineral-vitamin premix supplementation on oxidative

stress profiles (mean ± standard error) of male Camelus dromedarius

during rut season (n = 7/group).

Oxidative stress
parameter

Control group Premix group

Malondialdehyde (nmol/ml) 2.34± 0.10 1.75± 0.06∗∗

Nitric oxide (µmol/L) 79.56± 1.17 36.37± 0.66∗∗∗

Reduced glutathione (mg/dl) 1.23± 0.07 1.90± 0.12∗∗

Total antioxidant capacity
(mM/L)

1.70± 0.05 2.2± 0.08∗∗∗

∗Significance (∗∗P < 0.01, ∗∗∗P < 0.001), compared with the control group using an

independent-sample t-test.

Oxidative stress variables

Both serum MDA and NO evidenced a significant decrease
in the premix-treated group as compared with the control group.
On the other hand, both serum GSH and TAC were significantly
increased (Table 3) in the premix group compared with the
control group.
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TABLE 4 E�ect of mineral-vitamin premix supplementation on hormonal

profiles (mean ± standard error) of male Camelus dromedarius during rut

season (n = 7/group).

Hormonal profiles Control group Premix group

Cortisol (ng/ml) 552.9± 14.1 435.7± 10.7∗∗∗

Testosterone (ng/ml) 1.33± 0.097 1.93± 0.05∗∗∗

Triiodothyronine (ng/ml) 2.74± 0.08 3.19± 0.07∗∗

Thyroxin (µg/dl) 3.19± 0.06 3.74± 0.0997∗∗

∗Significance (∗∗P < 0.01, ∗∗∗P < 0.001), compared with the control group using an

independent-sample t-test.

TABLE 5 E�ect of mineral-vitamin premix supplementation on serum

biochemical profiles (mean ± standard error) of male Camelus

dromedarius during rut season (n = 7/group).

Serum
biochemical
profiles

Control group Premix group

Total protein (g/dl) 6.14± 0.09 6.87± 0.11∗∗∗

Albumin (g/dl) 3.79± 0.10 4.4± 0.08∗∗

Globulin (g/dl) 2.36± 0.01 2.47± 0.12

Albumin/globulin ratio 1.63± 0.11 1.82± 0.12

Blood glucose (mg/dl) 91.46± 1.66 79.33± 0.71∗∗∗

Urea (mg/dl) 17.67± 0.31 12.40± 0.22∗∗∗

Creatinine (mg/dl) 1.53± 0.06 1.54± 0.04

Calcium (mg/dl) 2.10± 0.08 2.61± 0.09∗∗

Phosphorus (mg/dl) 1.80± 0.04 2.30± 0.05∗∗∗

Magnesium (mg/dl) 0.88± 0.07 0.98± 0.03

Potassium (mmol/L) 3.24± 0.06 3.80± 0.08∗∗∗

∗Significance (∗∗P < 0.01, ∗∗∗P < 0.001), compared with the control group using an

independent-sample t-test.

Hormonal variables

The premix group had a significant increase in serum
testosterone, T3, and T4 levels. However, it had a significantly lower
serum cortisol level than the control (Table 4).

Serum biochemical variables

There was a significant increase (P < 0.05) in serum
TP, albumin, Ca+2, P+3, magnesium, Mg+2, and K+ in the
premix group compared with the control (Table 5). Meanwhile,
a significant decrease (P < 0.05) was recorded in blood glucose
and urea in the premix group compared with the control group
(Table 5).

Discussion

The body condition score of an animal denotes the quantity
of fat and muscle reserves that are available for maintenance,
reproduction, and production, and it is regarded as a main tool for

livestock managers or producers to optimize the feeding program,
reproduction, production (milk and meat), and welfare of the
animals. Scoring is based on determining the amount of fat and
muscles over and around the vertebrae (26). In addition, BCS is
the best simple indicator of body fat reserves and can be used
by the animal itself in periods of high energy demands, various
stresses, or undernutrition conditions, making it a widely accepted
indicator of post-nutritional status (27). In this study, the BCS in
both the control and premix groups revealed a reduction in the
body condition score compared with that at the beginning of the
study before the entrance of the camels in the rutting period. This
may be due to the fact that the rutting period decreases feed intake,
resulting in a markedly tucked-up abdomen, a gradual decrease in
hump size (28), and rutting males losing their body condition (7).

The obtained data revealed a significant increase in feeding,
rumination behaviors (frequency and duration), final body weight,
body weight gain, and body condition score, while there was a
significant decrease in the leftover score in the premix group as
compared with the control. This result matches that of Faye et al.
(29) who recorded a slight improvement in the feed intake of young
camels (<2 years old) with copper mineral supplementation. Such
improvement is due to the Zn element contained in the mineral-
vitamin premix, which has a positive effect on appetite, causing
increased feed intake (30, 31).

Moreover, feed efficiency and average daily gain had an
irreversible relation to protein and energy levels in the diet (32).
Furthermore, the level of energy is significantly related to the
average daily feed intake (feeding behavior as an indicator), and
the improvement of nutrient digestibility by the mineral-vitamin
premix led to optimization of the microbial ecosystem of the rumen
with subsequent enhancement of the productive performance,
besides its involvement in the enzymatic system formation (33).
More than that, mineral-vitamin premix plays a significant role in
numerous metabolic processes, production (biological functions),
and regulation in the body (30, 34). In the same line, mineral-
vitamin premix supplementation had a positive effect on growth
performance in buffalo calves (35) and growing male camels (36),
where mineral supplementation such as zinc (Zn), copper (Cu),
manganese (Mn), and selenium (Se) caused an increase in average
daily gain and improved growth rates (37–40). Moreover, the
ruminants’ productive performance can be affected directly and
indirectly by Zn, Se, Cu, iodine (I), and Mn levels as trace minerals
due to their role in many organic functions, e.g., thyroid hormone
activity, enzymatic, metabolic, and productive roles (30, 34).

In addition, data in the current study showed significantly
increased activity in standing and walking in the premix group
as compared with the control group, which may be a result of
displaced animals waiting for access to the feed (41) and camelids
always moving in a single file (42). Moreover, lying behavior is
considered a good indicator to determine animal comfort and
to provide important data about animal-environment interaction,
such as the duration of lying. Such measures have been identified as
significant measures used to assess stall comfort and welfare status
(43, 44). According to the data of the current experiment, there was
a significant difference in lying time between the premix group and
the control group, which may be due to the relationships between
eating and rumination (45).
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Aggressive behavior is considered a functional form of social
behavior that can be seen in nearly all animals, and it has
many functions, such as protecting the home range and its
resources against intruders and/or maintaining the flock’s social
hierarchy (46).

Rut season in male camels constitutes a stress period that
is accompanied by a general state of increased irritability and
aggressiveness, which is associated with an elevated serum cortisol
level (9, 47). Due to this aggressiveness, camel raisers resort to tying
male camels with ropes in single stalls, which constitutes additional
stress on the camels (10). Furthermore, aggressive behavior is
highly harmful, and it triggers a robust stress response in both
the winner and the loser, where both winning and losing (offense
and defense) provoke a differential stress response in terms of
the magnitude of the responses and the neuroendocrine stress
systems, leading to the vulnerability for stress pathology (46). In
addition, this study also observed that to take blood samples,
animals had to be roped in at the kneeling position, and due
to their aggressive behavior, which could be very harmful when
taking blood samples, camels were subjected to strict physical
restraint. This physical restraint alone exerts acute stress on the
animal, causing an outpouring of adrenocorticotropic hormone
(ACTH), which in turn causes the adrenal cortex to increase
its secretion of glucocorticoids, including cortisol (48–50). On
the same line, the traditional or manual blood sampling method
has its own restrictions and cannot possibly be used due to
male camel aggression during this period. The same restrictions
can also lead to stress reactions even in animals accustomed
to the given procedure (51) that result in increased levels of
cortisol due to the activation of the hypothalamic stimulation-
pituitary-adrenal axis during this sampling (52). Moreover, Emeash
et al. (53) assessed the stress resulting from the transportation
of dromedary camel (Camelus dromedarius) and recorded that
cortisol levels significantly increased (17.21 ± 2.96 µg/dl =

172.1 ± 29.6 ng/ml) in camels that were transported by truck
(they traveled approximately 150 km, taking approximately 2–3 h)
between mountains as compared with control (3.35± 0.38 µg/dl=
33.5± 3.8 ng/ml).

In this regard, the results of the current study showed a
significant decrease in overall aggressive behavior frequency in
the premix group in comparison with the control group, which
was confirmed in the laboratory findings of the current study
by decreased MDA, NO, and cortisol serum levels and increased
serum concentrations of GSH, TAC, and testosterone in the premix
group as compared with the control group.

Thus, oxidative stress results when reactive substances,
including reactive nitrogen, oxygen, and chlorine species, exceed
the available antioxidant capability in the body. If the antioxidant
systems in the animal body become incapable of adequately coping
with enhanced reactive oxygen species (ROS) amounts and with
the subsequent series of reactions of harmful macromolecule
modifications (e.g., nucleic acids, proteins, and lipids) (54, 55),
as a result of the stress factors, the hypothalamus liberates
two neurohormones (corticotropin-releasing hormone (CRH) and
arginine vasopressin), which are transported to induce the anterior
pituitary gland to release ACTH, with subsequent release of the
cortisol hormone “stress hormone” (56, 57). The stimulation of

the hypothalamic–pituitary–adrenal (HPA) axis directly inhibits
the hypothalamic–pituitary–gonadal (HPG) axis and Leydig cells
in the testes. Thus, the main regulators of the HPA axis include
CRH, AVP, glucocorticoids, and ACTH. The “stress system” affects
male reproductive function negatively, where glucocorticoids affect
testicular function at multiple levels of the HPG axis through
their receptors in the hypothalamic neurons, pituitary gland, and
testes (58).

Regarding the obtained data, there were significant reductions
in NO andMDA. On the other hand, GSH and TAC concentrations
were significantly elevated in the premix group in comparison
to the control group; this could be due to the antioxidant
effects of vitamins E, C, and A contained in the mineral-vitamin
premix (59–61). Thus, supplementing camels with exogenous
antioxidants, including vitamins E and C, leads to an improvement
in the animal’s antioxidant status and seems to be very helpful
against ROS (62). In addition, in biological systems, vitamin E is
considered a crucial antioxidant that acts as a robust chain-breaking
factor by being a scavenger of peroxyl radicals and by cutting
off the chain reaction of lipid peroxidation in membranes and
lipoproteins (63).

Moreover, the presence of Se in the constituent of the mineral-
vitamin premix acts as a structural element of the antioxidant
glutathione peroxidase enzyme, which efficiently decreases lipid
peroxides, H2O2, and phospholipid membrane oxidation which are
essential for protection from oxidative stress (64). Furthermore,
Se is necessarily required to maintain many metabolic functions
and the growth performance of ruminants. Being an antioxidant
element, it acts as a selenoprotein for the principal enzymes of the
antioxidant defense mechanism, including glutathione peroxidase
(GSH-Px) and thioredoxin reductase (TrxR) (65). More than that,
Fe, Zn, Cu, and Mn are structural components of SODs, which are
subdivided into four groups on the basis of their metal cofactors,
including Fe-SOD, Cu/Zn-SOD, and Mn-SOD (66).

In this study, a significant decrease in cortisol levels was
recorded in the premix group as compared with the control group.
This finding could be due to vitamin C, which is one of the
antioxidant constituents in the premix. Findings in this study
match those who recorded a significant decrease in serum cortisol
levels in broilers under heat stress and treated with vitamin C (55).
In the same aspect, Stachowicz and Lebiedzińska (57) recorded that
after acute psychological stress, a dose of 3,000mg of vitamin C
per day leads to faster cortisol recovery. In addition, Brody et al.
(67) found that giving approximately 1,000mg of vitamin C and
200mg of vitamin E daily to elderly women suffering from coronary
heart disease for 16 weeks led to a reduction in serum cortisol levels
and an improvement in immune function compared with their
own baselines. More than that, vitamin B6, vitamin B12, and folic
acid accelerate the activity of γ-aminobutyric acid (GABAergic),
which is a chemical compound that reduces the secretion of
CRH (57, 68).

The testosterone hormone, which is considered the main sex
hormone, has a controlling effect on reproductive functions such as
libido, the last stages of spermatogenesis, and accessory sex gland
activity in male animals (69). Our data revealed that testosterone
levels had significantly increased in the premix group compared
with the control. The obtained result could be due to the decreased
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level of the stress hormone (cortisol); those elevated levels inhibit
testosterone synthesis (57).

In the current study, the results revealed a significant increase
in T3 and T4 serum levels in the premix group in comparison
with the control group. The obtained data could be due to
the iodine supplement in the premix, where iodine is a rate-
limiting component for T3 and T4 synthesis, as well as the single
iodine physiological function in the human body, which is to
synthesize T3 and T4 by the thyroid gland (70). In addition, camel
dietary feeding programs need a very small percentage of iodine,
which is necessary for appropriate animal function. Moreover,
iodine plays a principal role in thyroid hormone formation, which
participates in fetal brain development as well as regulating basic
metabolism consumptions such as carbohydrates, fats, proteins,
and heat formation processes (71) to affect reproductive, growth,
and development functions (72).

In the present study, significant elevations were recorded in
serum levels of Ca, P, and K in the premix group as compared
with the control group. Minerals act as hormonal constituents of
the endocrine system (73, 74). In addition, supplementing adequate
quantities of essential minerals is essential to maintaining health
status and the maximum productivity level of dairy cows (75).
Moreover, electrolytes, trace elements, and steroid hormones play
a significant role in the regulation and control of reproductive
functions in both male and female animals. Furthermore, it is
found that the blood testosterone concentrations in camels are
significantly correlated with the contents of Mg, K, Na, and Ca in
all genital organs, but only with the epididymal contents of P and
Fe (76).

The blood glucose concentration in this study was significantly
reduced in the premix group compared with the control group.
The higher blood glucose level in the control group is associated
with the stress due to rut season, which is accompanied by
an elevated cortisol level, where cortisol stimulates hepatic
glycogen stores, reducing glucose oxidation, activating lipolysis,
and intensifying amino acid gluconeogenesis, as well as developing
insulin resistance in cases of persistently high levels of this hormone
accompanied by the mobilization of glucose reserves, which is
specifically vital in cases of fast stress conditions due to extended
effort (9, 47, 57).

On the other hand, a significant increase in TP and albumin
was recorded in the premix group as compared with the control
group, which could be due to the significant increase in feeding
and rumination behavior (frequency and duration) between the
premix group and the control group. Furthermore, it could be
due to vitamin A, which is one of the components of the premix
and is very important in many physiological functions, particularly
reproduction, growth, differentiation of tissues, and maintenance
of the epithelium. It has a natural antioxidant property and is
necessary to maintain the integrity of the tissue lining the GIT and
genitourinary tract, as well as to contribute to ensuring the optimal
functioning of the immune system (77, 78).

Conclusion

The rutting period compels a stressful condition inmale camels,
which is associated with elevated serum cortisol levels accompanied

by decreased testosterone hormone concentration in the blood.
Therefore, the feeding of minerals and vitamins to male camels
during rut season is necessary to overcome the oxidative stress
to which the animal is subjected, with a subsequent decrease in
cortisol level followed by a decrease in aggressive behavior and an
increase in testosterone hormone in the blood, in addition to a
significant increase in feeding, rumination, and sexual behavior and
an improvement in body condition score.
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