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Background: Camel (Camelus dromedarius) is a vital animal to the daily life of the 
desert as a source of food and transportation, its milk is used as medicine for diverse 
ailments. Aim: This study was planned to evaluate the effect of two different feeding 
systems (farming and pastoral systems) on physiological and immunological indices 
of one-humped dromedary she-camels during different physiological stages. 
Material and methods: Forty female camels under farm and grazing systems were 
used from the Camel Experimental Flock in Matrouh (farming system) and Bedouin 
flock in a grazing unit in the same area (pastoral system). Blood samples were 
collected during different physiological stages to determine the desired parameters. 
Results: It was revealed that lymphocytes significantly increased in grazing camels 
as compared to farm ones. Leukocytes significantly increased in post-partum and 
lactation than other camels. The number of RBCs increased significantly in pregnant 
and lactating than other camels. Albumin increased significantly in pregnant and 
lactating camels and decreased in dry and post-partum. Results showed a significant 
increase in blood lipids including total lipids, phospholipids, triglycerides, total 
cholesterol, and low-density lipoproteins in farm camels compared to grazing ones. 
Lactating and pregnant camels showed a significant increase in cholesterol 
compared to dry and post-partum. In lactating camels, insulin significantly increased 
compared to other groups. But, cortisol significantly increased in post-partum 
camels. Conclusion: Farm camels show better physiological and immunological 
profiles than grazing ones reflect the importance of supplementary feeding 
especially during pregnancy and lactation. 
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INTRODUCTION 
The camel (Camelus dromedarius) is an 
important component of the desert ecosystem, 
which plays an important role within the 
pastoral and agriculture system in the North-
Western Coast Zone (NWCZ). According to FAO 
(2013) the total population of camels worldwide 
is believed to be 25.89 million, of which 89% are 
one-humped dromedary camels (Camelus 
dromedarius). The remaining 11% are the two-
humped (Camelus bactrianus) that are generally 
found in the cold deserts of Asia. While, more 
than 60% of the dromedary camel population is 
concentrated in the arid areas of North East 
African countries like Somalia, Sudan, Ethiopia, 
and Kenya (Simeneh, 2015).  

The dromedary camels have very special 
anatomical and physiological characteristics, 
which enable the animals to live, reproduce and 
produce milk and meat and to work under 
extreme conditions of heat and aridness - even 
during periods of drought when cattle, sheep, 
and goats rarely survive (Abdalmula et al., 
2018). 

The camel production system in the study area 
is mainly extensive and depends mainly on 
grazing on natural rangelands. While camels in 
the farming system are reared under an 
intensive system. Concentrate mixture (14% 
crude protein (CP), 10.5% digestible crude 
protein (DCP), and 65% total digestible nutrients 
(TDN)) is offered to the camels and water is 
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available all day time (Faye, 2016a,b). 
Complementary feeding is widely practiced in 
the area due to the low and erratic rainfall. The 
period of complementary feeding is 4.5. 6.1 and 
9.0 months in good, average and poor seasons, 
respectively (Bhakat, 2019).  

It is well known that clinical examination, 
hematological and biochemical profiles have a 
direct relation with the health, nutritional and 
physiological status of the camel (Tharwat et al., 
2015). So, they are very important tools for 
monitoring female camels during different 
physiological stages (pregnancy, parturition, 
and lactation) since they are considered 
metabolic stresses (Omidi et al., 2014).  

On the other hand, dromedaries can adapt to 
dry and harsh conditions in arid areas. They take 
their protein requirements that perform their 
various physiological functions from the protein 
content of plant species during grazing. The 
difference in water intake and available plants 
has a direct influence on the physiological 
functions and blood constituents of camels 
(Warden, 2004; Babeker et al., 2013).  

Therefore, this work aims to evaluate and study 
the effect of farming and pastoral systems on 
physiological responses (hematological, 
biochemical parameters as well as some 
hormones) of female dromedary camels during 
different physiological stages (dry, pregnant, 
post-partum, and lactating) 

MATERIAL AND METHODS 
This study was carried out at Matrouh Technical 
Support Unit (TSU) of the Sustainable 
Development Center for Matrouh Resources 
(SDCMR), belonging to Desert Research Center 
(DRC), representing the extensive system and 
the Center for the Study and Development of 
camels in Marsa Matrouh that belongs to 
Animal Production Research Institute (APRI), 
Agricultural Research Center (ARC), 
representing the intensive system. Both DRC 
and ARC belong to the Ministry of Agriculture 
and Land Reclamation (MALR), Cairo, Egypt.  

Animals  

This study was performed on 40 female camels 
(Camelus dromedarius); 20 female camels (10 
pregnant and 10 dry) were chosen randomly 

from ARC Experimental Station Farm and 
another 20 female camels (10 pregnant and 10 
dry) were randomly chosen from grazing camels 
supported by the TSU of DRC as shown in Figure 
1.  Pregnant camels, in the last two months of 
pregnancy, were randomly chosen from the 
pregnant females in the two management 
systems with live body weight ranged from 474 
to 593 and 458 to 589 Kg for farming and grazing 
systems, respectively. The corresponding live 
body weight of the other 20 adult nonpregnant 
non-lactating dry female camels was 425 to 438 
Kg in the farm and 382 to 428 Kg in the grazing 
unit. Female camels were followed up during 
the late pregnancy phase, post-partum phase, 
and lactation stage.  

 
Figure 1. Experimental design of farm and grazing camels. 

 

Feeding system  

Under the farming system, camels were reared 
under an intensive system where they fed twice 
daily with a basal diet consisted of 3.5 kg 
concentrate feed mixture (CFM) with 16% 
protein plus 2.5 kg berseem hay (BH) and 2.5 kg 
rice straw (RS) per animal. The CFM consisted of 
25% wheat bran, 25% yellow corn, 9% 
uncorticated cottonseed meal, 20% barely, 15% 
rice bran, 3% molasses, 2% premix and 1% 
common salt. Water was available all daytime. 
All animals were healthy and were kept under 
semi-open pens in the farm. Other twenty adult 
female camels were randomly chosen from the 
flock which is grazing in the desert. The camel 
production system in such an area is mainly 
extensive and depends on grazing on natural 
rangelands. Camel herds move across a distance 
of 50-100 km daily seeking the range plants to 
fulfill their requirements. Natural rangelands of 
the NWCZ consist of a variety of herbs, grasses, 
bushes, and trees.  
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The average grazing time is around 9.6 hours in 
winter and extends to 19.4 hours during 
summer. During the rainy season, the herbage 
is often rich in water and the camels will also 
find surface water in natural dams. During the 
winter and cool season (6-7 months) in the 
Sahara, the camels can go without water. The 
fodder has enough moisture for the 
maintenance and production requirements. All 
animals were healthy and were let to graze all 
day. They were kept in completely open pens in 
the evening and all night. Water was available 
all day in the rainy days and every week on dry 
days. Parameters were measured in the late 
pregnancy phase, post-partum phase, lactating 
phase and non-lactating (dry) phase.  

Blood sampling 

Blood samples (5 ml) were taken out from the 
jugular vein (at 6:00 am) before morning 
feeding; one part was poured in tubes 
containing EDTA as an anticoagulant and used 
for CBC. The other part was taken in tubes free 
of any anticoagulant. Serum and plasma 
samples were collected after separation by 
centrifugation at 3000 rpm for 15 min and 
stored at -20 ºC for biochemical analysis. 

The hematological parameters comprising 
leukocytes (WBCs) as well as, relative and 
absolute numbers of lymphocytes, monocytes 
and granulocytes were manually determined. In 
addition, the total number of red blood 
corpuscles (RBCs) and hemoglobin (Hb) content 
were estimated after collecting fresh blood 
samples according to Schalm et al. (1975). 

Levels of total protein (TP, g/dl), albumin (AL, 
g/dl), total lipids (TL, mg/dl), Phospholipids (PL, 
mg/dl), Triglycerides (TG, mg/dl), total 
cholesterol (TC, mg/dl), LDL Cholesterol (LDL-C, 
mg/dl), HDL Cholesterol (HDL-C, mg/dl) and 
glucose (Glu, mg/dl) were determined in blood 
plasma using commercial kits supplied from 
Biodiagnostic Company (GmbH & Co., 
Germany). The value of globulin (GL) was 
calculated by subtracting the value of AL from 
the value of TP. A/G ratio was also calculated by 
dividing the value of AL by the value of GL. 

Hormonal assay  

Concentrations of Insulin (Ins, µU/ml) and 
Cortisol (Cort, µg/ml) hormones in milk were 

determined automatically by ADVIA Centaur ® 
XP System from Siemens Healthcare Diagnostics 
Inc., Laboratory Diagnostics, USA. 

Statistical analysis 

Numerical data obtained from each experiment 
were expressed as means ± SE. Data obtained 
was analyzed using the General Linear Model 
(GLM) of SAS (2003) software package. 
Statistical means were compared using Duncan 
Multiple Range Test (DMRT) (Duncan, 1955). 
The difference was considered significant at 
P<0.005. 

RESULTS  
Hematological Parameters 
Absolute and relative values of leukocytes  
Data in Figures 2-4 revealed that the 
management system had an insignificant effect 
on the leukocytic count and its differential 
count except for the number of lymphocytes 
which increased significantly (P<0.05) in grazing 
camels (6.62x103 vs. 5.5±0.49 x103 / mm3) 
compared to farm ones. On the other hand, the 
physiological status had a significant  (P<0.05) 
effect on the number of WBCs, lymphocytes, 
neutrophils and monocytes, as well as, the 
percentage of lymphocytes, neutrophils and 
eosinophils. Leukocytes increased (P<0.05) in 
post-partum (15.77±1.2 x103 /mm3) compared 
to pregnant (8.39±0.8 x103 /mm3) and dry 
camels (8.87±0.7 x103 /mm3).  

 
Figure 2. Effect of interaction between physiological stage 
and feeding system on total leukocytes number. Data were 
represented as means ± SE. *, # P<0.05, **, ## P<0.01. 
Different superscripts on columns for each parameter 
means that they are significantly different at P<0.05. 
Preg.= Pregnant; P.P= Post-partum; Lact.=Lactating. 



 Atta et al., 2021 
 

 

 

 IJCBR Vol. 5(1): 49-63. 52 

 
Figure 3. Effect of interaction between physiological stage and feeding system on the relative number of lymphocytes (A), 
neutrophils (B), eosinophils (C) and monocytes (D). Data were represented as means ± SE. *, # P<0.05, **, ## P<0.01. Different 
superscripts on columns for each parameter means that they are significantly different at P<0.05. Preg.= Pregnant; P.P= Post-
partum; Lact.=Lactating.  

 

While lactating camels have a significant 

(P<0.05) increase in leucocytes (16.28±1.4 x103 

/mm3) than dry (8.87±0.7 x103 /mm3) and 

pregnant (8.39±0.8 x103 /mm3) and slight 

increase than post-partum (15.77±1.2 x103 

/mm3). In addition, there are an increase 

(P<0.05) in the percentage of lymphocytes in 

lactating (58.95±1.26 %) and dry camels 

(57.95±1.2 %) than pregnant (53.65±1.25 %) 

ones whereas it decreased (P<0.05) in post-

partum camels (31.95±1.17 %). The percentage 

of neutrophils increased (P<0.05) after 

parturition (64.7±1.04 %) and decreased 

(P<0.05) in pregnant (43.85±1.31 %), lactating 

(37.8±1.45 %) and dry camels (39.3±1.92%), 

respectively. The number of lymphocytes 

showed an increase (P<0.05) in lactating camels 

(9.48±0.75 x103 /mm3) and decreased (P<0.05) 

in dry (5.17±0.45 x103 /mm3), pregnant 

(4.51±0.53 x103 /mm3) and postpartum 

(5.09±48 x103 /mm3). Post-partum camels 

showed a significant (P<0.05) increase in the 

number of neutrophils (10.18±.79 x103 /mm3) 

then decreased (P<0.05) in lactating (6.31±0.68 

x103 /mm3), as well as, a decrease (P<0.05) in 

dry (3.45±0.29 x103 /mm3) and pregnant 

(3.67±0.36 x103 /mm3) than other two groups. 

The physiological status affected significantly 

(P<0.05) the percentage and number of 

eosinophils which increased significantly 

(P<0.05) in post-partum (1.7±0.21 % and 

0.25±0.02 x103 /mm3) and lactating (1.55±0.15 

% and 0.23±0.02 x103 /mm3) and decreased 

significantly (P<0.05) in pregnant (1.25±0.14 % 

and 0.1±0.01 x103 /mm3) and dry camels 

(1.4±0.13 % and 0.13±0.02 x103 /mm3). 

Lactating and post-partum camels showed an 

increase (P<0.05) in the number of monocytes 

compared to dry and pregnant camels 

(0.26±0.03 and 0.26± /mm3 vs. 0.12 and 0.12 

x103 /mm3, respectively).  

 

A) 

D) C) 

B) 
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Figure 4. Effect of interaction between physiological stage and feeding system on the absolute number of lymphocytes (A), 

neutrophils (B), eosinophils (C) and monocytes (D). Data were represented as means ± SE. *, # P<0.05, **, ## P<0.01. Different 

superscripts on columns for each parameter means that they are significantly different at P<0.05. Preg.= Pregnant; P.P= Post-

partum; Lact.=Lactating. 

 

 
Figure 5. Effect of interaction between physiological stage and feeding system on RBCs (A) and hemoglobin (B). Data were 

represented as means ± SE. *, # P<0.05, **, ## P<0.01. Different superscripts on columns for each parameter means that they 

are significantly different at P<0.05. Preg.= Pregnant; P.P= Post-partum; Lact.=Lactating. 

 

 

A) 
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B) 

A) B) 
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Number of RBCs and Hb concentration  
Figure 5 showed that the management system 
had an insignificant effect on the number of 
RBCs and Hb levels. However, the number of 
RBCs increased (P<0.05) in pregnant and 
lactating camels (10.14 and 10.88 x 106 /mm3) 
than dry and post-partum (8.62 and 8.75 x106 
/mm3). Contrarily, Hb levels showed a slight 
increase in dry (14.25 and 14.74 g/dl) and 
pregnant camels than post-partum (13.18±0.43 
g/dl) and lactating (13.26±0.59 g/dl). 

Biochemical Parameters  
Plasma proteins concentrations 

As shown in Figure 6, TP concentration 
increased significantly (P<0.05) in grazing 
camels (6.87±0.13 g/dl) compared to farm ones 
(6.5±0.14 g/dl). While, AL, GL concentrations 
and A/G ratio hadn’t been affected by the 
management system of camels.  

On the other hand, TP significantly (P<0.05) 
increased in pregnant (6.85±0.2 g/dl) and 
lactating camels (6.87±0.25 g/dl) and decreased 
significantly (P<0.05) in dry (6.74±0.15 g/dl) and 
post-partum (6.3±0.14 g/dl). AL concentration 
increased significantly (P<0.05) in pregnant 
camels (4.24±0.13 g/dl) compared to other 
physiological stages. While other plasma 
proteins didn’t affect by the physiological status 
of the animals.  

Blood lipid components concentrations  
Interestingly, data in Figure 7 showed significant 
increase in plasma lipids including TL (P<0.01), 
PL (P<0.01), TG (P<0.01), TC (P<0.05), and LDL 
(P<0.01) in farm camels with values being 
199.5±3.09, 4.48±0.54, 51.3±2.28, 28.32±0.93 
and 6.92±0.47 mg/dl, respectively compared to 
grazing ones (179.58±1.61, 2.14±0.24, 
39.09±1.34, 25.2±0.86, 5.69±0.22 mg/dl, 
respectively).  

 
Figure 6. Effect of interaction between physiological stage and feeding system on plasma proteins. Total protein (A), albumin 
(B), globulin (C) and A/G ratio (D). Data were represented as means ± SE. *, # P<0.05, **, ## P<0.01. Different superscripts on 
columns for each parameter means that they are significantly different at P<0.05. Preg.= Pregnant; P.P= Post-partum; 
Lact.=Lactating. 
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Figure 7. Effect of interaction between physiological stage and type of feeding on blood lipid profile. Total lipids (A), 
phospholipids (B), triglycerides (C), total cholesterol (D), LDL cholesterol (E) and HDL cholesterol (F). Data were represented 
as means ± SE. *, # P<0.05, **, ## P<0.01. Different superscripts on columns for each parameter means that they are significantly 
different at P<0.05. Preg.= Pregnant; P.P= Post-partum; Lact.=Lactating. 

 

A) 

D) C) 

B) 

F) E) 
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On physiological level, TL showed a significant 
(P<0.01) increase in post-partum (195.96±4.54 
mg/dl) and lactating camels (193.83±4.78 
mg/dl) compared to dry (180.4±3.31 mg/dl) and 
pregnant camels (187.97±2.94 mg/dl). PL 
increased significantly (P<0.01) in pregnant 
camels (5.62±0.92 mg/dl) and decreased after 
parturition (4.38±0.23 mg/dl) and decreased 
more in lactation (0.72±0.05 mg/dl). It 
decreased significantly (P<0.05) in lactating 
camels (0.72±0.05 mg/dl) compared to dry 
camels (2.51±0.26 mg/dl). Additionally, post-
partum camels showed an increase (P<0.01) in 
TG (55.06 vs. 39.15, 42.37 and 44.19 mg/dl) and 
a decrease (P<0.05) in TC (21.83 vs. 25.78, 28.38 
and 31.06 mg/dl) compared to dry, pregnant 
and lactating camels, respectively. LDL 
increased (P<0.01) in pregnant camels as 
compared to dry and lactating camels (8.63 vs. 
6.06 and 6.14 mg/dl), respectively but 
decreased (P<0.05) in post-partum compared to 
other groups. Likewise, HDL values were found 
to follow the same trend of LDL. 

Concentrations of blood hormones and glucose  
As shown in Figure 8, both the feeding system 
and physiological status were significantly 
affected insulin and cortisol while Glc 
concentration did not affect. Farm camels had a 
significant increase (P<0.01) in cortisol than 
grazing (0.22 vs. 0.09µg/ml) while. Insulin had 
an opposite trend. The corresponding values 
were found to be 3.19 and 1.63 µU/ml in grazing 
and farm camels, respectively. In addition, 
cortisol increased (P<0.05) in the post-partum 
period than other physiological statuses. About 
insulin, it increased (P<0.05) in lactating camels 
(4.04±0.6 µU/ml) and decreased (P<0.05) in 
post-partum, (3.21±0.3 µU/ml) compared to 
pregnant (1.69±0.21 µU/ml) and dry ones. 
(0.7±0.09 µU/ml).  

DISCUSSION 
Late pregnancy and early lactation are 
demanding physiological states that lead to 
significant changes in the metabolic profile in 
camels (Tharwat et al., 2015; Ahmed, 2017). 
Data in this study revealed that the 
management system had an insignificant effect 
on the leukocytic count and its differential 
count except  for  the  number  of  lymphocytes,   

 

 

 
Figure 8. Effect of interaction between physiological stage 

and type of feeding on cortisol (A), insulin (B) and glucose 

(C). Data were represented as mean ± SE. *, # P<0.05, **, ## 

P<0.01. Different superscripts on columns for each 

parameter means that they are significantly different at 

P<0.05. Preg.=Pregnant; P.P=Post-partum; Lact.=Lactating. 

 

 

B) 

C) 
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which increased (P<0.05) in grazing camels than 
farming ones. This is consistent with Amin et al. 
(2007) who found that lymphocyte percentage 
in camels increased significantly during the dry 
season, while neutrophils percentage increased 
significantly during the green season (Babeker 
et al., 2013). In our study, lymphocytes are 
slightly higher in grazing camels but neutrophils 
percentage is slightly lower. This is because of 
the free accessibility of water for farm camels 
than grazing ones.   

On the other hand, the physiological status has 
a significant effect on the number of WBCs, 
lymphocytes, neutrophils and monocytes, as 
well as, the percentages of lymphocytes, 
neutrophils and eosinophils. Leukocytes 
increased (P<0.05) in post-partum compared to 
pregnant and dry camels. While lactating 
camels have increased (P<0.05) in leucocytes 
than dry and pregnant and slight increase than 
post-partum. In line with these results, Abd El-
Salaam and Arafa (2018) found that the number 
of leukocytes increased at calving compared to 
late-pregnancy and insignificantly increased at 
lactation. Muhammad et al. (2011) attributed 
that to physiological changes associated with 
fetal growth and development.  

In literature, the effect of pregnancy on total 
leukocytes has no clear consensus. Consistent 
with our study, several studies showed a 
significant decrease in pregnant camels (Ayoub 
et al., 2003), cows (Nath, 2007; Nazifi et al., 
2008). Other studies showed a decrease in 
camels (Getnet and Abebe, 2005), sheep, goats 
(Vihan and Rai, 1987) and Kandhari cattle 
(Deshpande and Sawant, 1996).  However, 
several studies showed that the physiological 
status had no significant effect on WBC’s count, 
eosinophils and basophils percentage (Tharwat 
et al., 2015; Elkhair and Minawy, 2018). 
Furthermore, the values of WBC’s, eosinophils 
and basophils percentage did attain statistical 
significance during the respective physiological 
status, which can be considered as a good 
indicator for optimum management and 
feeding regime program for the camels 
investigated. In contrast, Axay et al. (2017) 
stated that WBC’s showed lower values during 
early lactation compared to late lactation in 
camels. In addition, Muhammad et al. (2011) 
and Saeed et al. (2011) reported that WBC’s 

remained unchanged during late pregnancy 
compared with non-pregnant camels. Also, 
lymphocytes percentage increased (P˂0.05) 
during late pregnancy compared to early 
lactation, whereas monocytes percentage 
increased (P˂0.05) in young females compared 
to the control, late pregnancy and early 
lactation ones. 

On the contrary, Saeed et al. (2009) found no 
significant difference in leukocytes in pregnant 
camels. In the current study, there is a 
significant (P<0.05) increase in the percentage 
of lymphocytes in lactating and dry camels than 
in pregnant and in post-partum camels, where 
it significantly (P<0.05) decreased. The 
percentage of neutrophils significantly (P<0.05) 
increased after parturition and decreased 
significantly (P<0.05) in pregnant, lactating and 
dry camels, respectively. The number of 
lymphocytes showed a significant (P<0.05) 
increase in lactating camels and decreased 
significantly (P<0.05) in dry, pregnant and 
postpartum. Post-partum camels showed a 
significant increase in the number of 
neutrophils, which decreased significantly 
(P<0.05) in lactating, as well as, significantly 
(P<0.05) decreased in dry and pregnant than the 
other two groups. These data are similar to 
those found by other investigators Ayoub et al. 
(2003), Getnet and Abebe (2005) and Saeed et 
al. (2009), who found a marked decrease in 
lymphocytes and an increase in neutrophils at 
parturition. Similar findings have been reported 
in sheep and goats (Vihan and Rai, 1987).  

In our study, the physiological status affected 
significantly the percentage and number of 
eosinophils, which increased significantly 
(P<0.05) in post-partum and lactating and 
decreased significantly in pregnant and dry 
camels. These data are in line with Saeed et al. 
(2009), who found a decrease in eosinophils in 
pregnant camels. The eosinophil count also 
decreased non-significantly as observed in 
sheep, goats (Vihan and Rai, 1987) and Kandhari 
cattle (Deshpande and Sawant, 1996). The 
current study showed that lactating and post-
partum camels had a significant increase in the 
number of monocytes compared to dry and 
pregnant camels. In contrast, Saeed et al. (2009) 
found a non-significant increase in monocytes in 
pregnant camels compared to non-pregnant.  
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Current results showed that the management 
system had an insignificant effect on the 
number of RBCs and Hb levels. However, the 
number of RBCs increased significantly (P<0.05) 
in pregnant and lactating camels than dry and 
post-partum. Contrarily, Hb levels showed a 
slight increase in dry and pregnant camels than 
post-partum and lactating ones. In the same 
line, Nazifi et al. (2008) demonstrated that RBCs 
count and Hb concentration were significantly 
higher in pregnant than in the postpartum 
cows. Also, other studies found that RBCs and 
Hb increased in pregnant dry cattle (Straub et 
al., 1959), sheep (Anosa and Ogbogu, 1979) and 
cows (Nazifi et al., 2008). In post-partum 
camels, Abd El-Salaam and Arafa (2018) 
indicated that no significant changes in Hb 
levels as compared to lactating ones. On the 
contrary, several studies found a decrease in 
RBCs before parturition in camel (Saeed et al., 
2011), sows (Dungan et al., 1995; Žvorc et al., 
2006) and goats (Azab and Abdel-Maksoud, 
1999). In addition, Hb decreased during 
pregnancy in camel (Ayoub et al., 2003; Getnet 
and Abebe, 2005; Saeed et al., 2011) and sows 
(Žvorc et al., 2006). These changes in the 
hematological parameters were likely because 
of the pregnancy stress and glucocorticoid 
release (ACTH) from the adrenal gland (Nazifi et 
al., 2008). 

On the other hand, the pattern of erythrocytes 
parameters in response to the physiological 
status could be attributed to increased demand 
for oxygen consumption and the requirements 
of higher metabolic rate for growth, during late 
pregnancy and early lactation (Elkhair and 
Minawy, 2018). Similar results have been 
observed by Abd El-Salaam and Arafa (2018) 
who reported higher values of Hb during late 
pregnancy in Maghrebi camels. Higher values of 
RBC’s and Hb have been reported during late 
pregnancy and early lactation in camels 

From another point of view, the hyperthermia 
during movement under heat may induce a 
water loss caused by thermoregulation. This 
increase may be attributed to a splenic 
contraction rather than to dehydration. Acute 
exposure to stressful stimulation is manifested 
by a significant activation of the sympathetic-
adrenal medullary system, including increased 
synthesis, circulating levels and release of 

catecholamines into the circulation (McCarty et 
al., 1988), resulting in splenic contraction and 
the release of red blood cells into the 
circulation. This mechanism is induced by the 
action of catecholamines on α-adrenergic 
receptors which are located in the splenic 
capsule (Tauler et al., 2003).  

Previous studies reported that serum total 
protein level is usually considered as useful 
indices of the nutritional status of animals. The 
concentration of serum total protein was 
suggested to be increased during the dry 
season. This could be attributed to the stresses 
to which the camels were subjected under dry 
conditions (Amin et al., 2007; Yousif et al., 
2018). As shown in our study, TP concentration 
increased (P<0.05) in grazing camels compared 
to farm ones. While, AL, GL concentrations and 
A/G ratio hadn’t been affected by the 
management system of camels. On the other 
hand, TP significantly (P<0.05) increased in 
pregnant and lactating camels and decreased 
significantly (P<0.05) in dry and post-partum. AL 
concentration increased significantly (P<0.05) in 
pregnant camels compared to other 
physiological stages. In contrast, Saeed et al. 
(2009) found that pregnant camels had lower 
values of TP and AL, but like our results, no 
change was observed in GL concentration in 
pregnant camels compared to non-pregnant 
ones. In line with our results, Abd El-Salaam and 
Arafa (2018) found that TP, AL and GL 
concentrations were slightly increased in late 
pregnancy and decreased at parturition 
whereas A/G ratio also increased at late 
pregnancy and parturition that contrasted with 
our results. The decrease in serum total protein 
as parturition approaches may be attributed to 
the fact that the fetus synthesizes all of its 
proteins from the amino acids that derived from 
the dam, and the fetus growth increases 
exponentially reaching a maximum level, 
especially in muscles, during late pregnancy 
(Jainudeen and Hafez, 2000).   

These results are in agreement with Roubies et 
al. (2006), who found that GL concentration in 
ewes was elevated in the last 2 months of 
pregnancy compared to postpartum. The 
observed reduction in GL concentration in post-
partum may be due to the selective uptake of 
immunoglobulin by the mammary glands. Also, 
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Tharwat et al. (2015) demonstrated that post-
partum concentration of AL was decreased. The 
reduction in TP concentration in post-partum 
than in late pregnancy in camel may be due to 
that high level of GL transfer to the mammary 
glands in she-camels (Saeed et al., 2009). 

Both TP and AL are markers of liver function and 
the decrease in their concentrations may 
suggest fat infiltration into the liver (Bobe et al., 
2004). The AL has the water pulling and holding 
property and higher stimulant in camel 
probably show particular adjustment for the 
desert environment (Salman and Afzal, 2004) 
and it is an indication of liver function whose 
low focus is ascribed to fatty liver illness in dry 
cattle (Faramarzian et al., 2016).  

Interestingly, present data showed a significant 
increase in plasma lipids including TL, PL, TG, TC, 
and LDL in farm camels compared to grazing 
ones. In literature, serum TG was reported to be 
affected by animal diet (Wasfi et al., 1987). 
Lipidic parameters are affected by hydration, PL 
increase (Bengoumi, 1992), TL level increases in 
the wet season (Mohamed, 2008) and could be 
modulated by the energy level of the diet (Adel 
and El-Metwaly, 2012). Phospholipids are a 
main component of the cell membrane, notably 
of the camel RBCs and contribute to their 
properties (Warda and Zeisig, 2000). In camel, 
PL was the major constituent of vLDL, LDL, and 
HDL which are important plasma lipoprotein 
carriers for cholesterol and triglycerides (Asadi 
et al., 2008). Gupta et al. (2012) confirmed that 
the type of diet brought to camels influences 
cholesterol levels. On the contrary, Faye and 
Mulato (1991) found a regional variability in 
Djibouti, the lowest TG values in blood were 
observed in peri-urban camel farms and the 
highest level was reported in the aridest areas. 
These authors concluded to a lower fat 
mobilization in non-grazing camel (Faye and 
Bengoumi, 2018).In the current study, TL 
showed a significant (P<0.01) increase in post-
partum and lactating camels compared to dry 
and pregnant ones. In agreement with these 
results, Saeed and Khan (2012) also noted that 
pregnancy did not affect the serum 
concentration of TL in camel.  

On the physiological level, phospholipids 
increased significantly in pregnant camels and 

decreased after parturition and decrease more 
in lactation. It also decreased significantly in 
lactating camels as compared to dry camels. No 
data are available about this issue.  

In this study, post-partum camels showed a 
significant (P<0.01) increase in TG and a 
significant (P<0.05) decrease in TC compared to 
dry, pregnant and lactating camels. In the same 
line, Bengoumi (1992) and Omidi et al. (2014) 
did not observe any significant effect for 
lactation and pregnancy on TG. However, Saeed 
and Khan (2012) found that the concentration 
of TG in the serum of late-pregnant camels was 
significantly higher than that of non-pregnant 
camels. But, in our study, TG was slightly higher 
in pregnant camels than dry ones. The increased 
serum triglyceride concentration in parturition 
had been reported for camel (Saeed and Khan, 
2012), sheep (Nazifi et al., 2002) and goats 
(Hussein and Azab, 1998). The increase in the 
level of serum TG before parturition might be 
due to the overproduction of TG rich in v-LDL 
(Ward et al., 2003). In contrast, TG 
concentrations were higher during late 
pregnancy than at post-partum in cows 
(Folnožić et al., 2016). Also, Turk et al. (2013) 
observed a gradual increase in serum TG level 
occurred during the last month of pregnancy 
when compared with two months after 
parturition. The increase in TG concentration 
during post-partum and lactation periods 
because it is a critical source of long-chain fatty 
acid for milk synthesis which explains significant 
triglyceride diminishes at the onset of lactation 
(Kessler et al., 2014). Moreover, TG is an 
indicator of lipids profile in the blood and 
considered as a very important group of fat in 
the blood, which is the main component of very 
low-fat proteins in addition to chylomicrons, 
and is manufactured in the liver where it is 
stored until use as an energy source. In addition, 
they play an important role in the transport of 
dietary fats (Bagnicka et al., 2014). 

In our study, lactating and pregnant camels 
showed a significant (P<0.05) increase in TC 
compared to dry and post-partum. Consequent 
with our study, the concentration of TC was 
higher in late pregnancy than post-partum, 
being the lowest at calving (Saeed et al., 2009; 
Kamal, 2010; Saeed and Khan, 2012; Abd El-
Salaam and Arafa, 2018). In cows, Folnožić et al. 
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(2016) found that TC concentrations were 
higher during late pregnancy than that at post-
partum months. The significant decrease in TC 
in late pregnancy has also been reported in 
other species: cows (Nath et al., 2005), goats 
(Krajničáková et al., 2003), and buffaloes 
(Prabhakar et al., 1999). This decrease in 
cholesterol level near the parturition could be 
attributed to the increased utilization for 
steroid synthesis around parturition. Hormonal 
influences might also play a major role in 
reducing cholesterol concentration with 
advancing pregnancy (Saeed and Khan, 2012). 
The increase in TC concentration at late 
pregnancy is most likely due to the increased 
needs of the fetus for growth and development, 
and also the need of the ovaries for the 
synthesis of steroid hormones (Turk et al., 
2013). In lactating camels, Hussein et al. (1992) 
found that serum TC increased relatively during 
months of lactation.  

In our study, LDL-C increased significantly 
(P<0.01) in pregnant camels as compared to dry 
and lactating ones but decreased significantly 
(P<0.05) in post-partum as compared to other 
groups. In agreement with these findings, 
Miyamoto et al. (2006) reported that the 
concentration of LDL-C decreased significantly 
in cows in parturition. However, Saeed and 
Khan (2012) found a non-significant difference 
in LDL-C concentration in pregnant and non-
pregnant camels.  

High-density lipoproteins cholesterol (HDL-C) is 
responsible for the reverse transport of 
cholesterol from peripheral cells to the liver. 
Herein, cholesterol is transformed into bile 
acids which are excreted into the intestine via 
the biliary tract. Monitoring of HDL-C in serum 
is of clinical importance since an inverse 
correlation exists between serum HDL-C 
concentration and the risk of atherosclerotic 
disease (Saeed et al., 2011). In our study, the 
levels of serum HDL-C concentration of post-
partum camels were significantly (P<0.01) lower 
than non-pregnant, pregnant and lactating 
camels. LDL-C was significantly high in lactating 
camels compared to other physiological 
statuses. In line with that, several studies 
reported that HDL-C in pregnant camels was 
significantly lower than non-pregnant (Saeed 
and Khan, 2012; Omidi et al., 2014). In contrast, 

Nazifi et al. (2002) and Hussein and Azab (1998) 
reported a higher value of HDL-C concentration 
during late pregnancy in ewes and Baladi goats. 

As shown in our data, both feeding system and 
physiological status significantly affected insulin 
and cortisol concentrations. Farm camels had a 
significant (P<0.01) increase in cortisol than 
grazing ones. Contrarily, insulin significantly 
(P<0.01) increased in grazing camels than farm 
ones. In the literature, the highest values of 
cortisol were observed during the rainy season 
(Bono et al., 1989). No clear impact of 
dehydration on insulin was observed (Siam et 
al., 1993) and plasma insulin concentration can 
be modulated by the energy level of the diet 
(Khazali, 2009). 

In our study, cortisol was significantly (P<0.05) 
increased in the post-partum period than in 
other physiological statuses. These results 
agree with Ibrahim et al. (2017) who reported a 
significant increase in serum cortisol level began 
from day 15 to day 1 pre-partum with a 
maximum level at the day of parturition. In 
addition, Agarwal et al., (1992) and Mohamed, 
(2006) demonstrated that cortisol 
concentrations were high at parturition and 
significantly decreased within the lactation 
period and attributed such increase to the 
increase of ACTH secretion from the fetal 
pituitary in the late pregnancy, which stimulates 
the rapid growth of the fetal adrenals, leading 
to a rise in the concentration of serum cortisol, 
which enters the maternal circulation and rise 
the maternal serum cortisol level.  

With respect to insulin concentration, it 
increased significantly (P<0.05) in lactating 
camels and decreased significantly (P<0.05) in 
post-partum, which is significantly more than its 
level in pregnant camels. Dry camels showed a 
significant (P<0.05) decrease in insulin levels 
than other groups. These findings agree with 
Wernery et al. (2006) who reported that higher 
levels of insulin occurring after 4 months of 
lactation.   

CONCLUSION 
The physiological status had a negative 
influence on the haematological parameters in 
female camels. The critical changes in the 
haematological parameters during the 
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respective physiological status could be 
associated with increased requirements for 
growth, fetal intensive growth and lactogenesis 
especially for grazing camels. In addition, 
indigenous knowledge (identifying superior 
meat and milk producing and disease resistance 
camels, trait preferences, traditional disease 
treatment, best breeding and husbandry 
practices) of pastoral communities should be 
considered in the planning and implementation 
of smallholder camel breeding programs. 
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