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ABSTRACT

One hundred eighty female Arabian camels aged 3—16 years were used to determine the reference intervals
for selected blood parameters during different physiological states. Venous blood was collected for determining
erythrocyte and leukocyte parameters, blood glucose, protein fractions, Ca**, Mg** and Pi. The reference ranges for
TEC, PCV, Hb, MCV, MCH, MCHC, TLC, neutrophils, eosinophils, basophils, lymphocytes and monocytes were
4.06-5.03x100/ L, 4.8-11.2 g/dL, 24.8-30.6%, 29.7-39.4 fl, 25.2-44.4 pg, 19.6-39.8 g/dL, 11-13x103/pL, 41-49%,
5-6%, 1-3%, 45-50% and 1-2%, respectively and for blood glucose, TP, albumin, o4, 0y, B1, B2 and y-globulins, A/G
ratio, Ca**, Mg** and Pi were 67-100 mg/dL, 29-72 g/L, 46-78%, 1~7%, 2-10%, 5-14%, 3-14%, 10-27%, 1-15 and
5-9,1-2, 4-6 mmol/L, respectively. The values of Hb were lower in the growing and early lactating camels than in
dry ones, whereas TEC, monocytes percentage and serum Ca**, Mg**, Pi were higher (P<0.05). The TEC, TP and
albumin were higher in late pregnant camels than in dry and early lactating ones (P<0.05). The ay, o and p; were
lower in late pregnant camels than in dry females, whereas they showed higher values in early lactating ones (P<0.05).
Neutrophil and lymphocyte percentages showed higher and lower values (P<0.05) in late pregnant and early lactating
camels than in dry females, respectively. The blood parameters of female camels varied significantly depending on
their physiological state. The findings are most likely applied to evaluate physiological and metabolic adaptations

to growth, pregnancy and lactation.
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Blood parameters are commonly utilised
to assess the physiological state of the animals
(Onasanya et al, 2015). Age, sex, breed, season,
exercise, nutrition, stress, transport and diseases
have been shown to alter haematological and serum
biochemical parameters in all animal species (Jain,
1998; Faye and Bengoumi, 2018). In camels, significant
differences have been found in these parameters in
relation to age and during different physiological
states (Tharwat et al, 2015; Elkhair and Elmgboul,
2015; Elkhair, 2016; Ahmed, 2017; Elkhair and
Minawy, 2018; Ahmed and Elkhair, 2019; Islam et al,
2019; Waziri et al, 2019; Faraz et al, 2021; Mohamed et
al, 2021; Martin-Barrasa et al, 2023).

It has been demonstrated that metabolic
processes change significantly during pregnancy and
lactation in camels; therefore, many investigators

used blood parameters to evaluate the metabolic
profile of pregnant and lactating camels (Ayoub et
al, 2003; Ahmed, 2017; Axay et al, 2017; El Zahar et al,
2017; Abd El-Salaam and Arafa, 2018; Jalali et al, 2018;
Elkhair, 2019; Ebissy et al, 2019; Atta et al, 2021).

Age, growth phase, pregnancy and lactation are
physiologically critical states associated with significant
metabolic alterations in all animal species. Regarding
female camels, few data are available concerning the
reference intervals of blood parameters as influenced
by age, growth phase, late pregnancy and early
lactation and to describe the haematology and serum
biochemical profile of growing, pregnant and lactating
camels reared under semi-intensive system. Therefore,
the study was aimed to establish reference ranges for
selected blood parameters of female camels under
various physiological states.
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Materials and Methods

The study was conducted with utmost
adherence to ethical guidelines, ensuring the welfare
of the animals at all times. It was carried out at the
Camel Research Centre of the Faculty of Veterinary
Medicine, University of Khartoum (Sudan), after
receiving approval from the Faculty Research Ethics
Committee. The animal care protocol and sample
procedures were conducted in strict accordance
with the ethics regulations set by the same body
and the guidelines established by the ARRIVE
standards (https://arriveguidelines.org) for animal
experiments.

Animals and Management

The selection process for the animals was
rigorous and thorough. One hundred eighty clinically
healthy female Arabian camels (ages: 3-5 years for
growing females and 816 years for dry, late pregnant
and early lactating camels, number of parities: 2—3)
were randomly divided into four groups of 45 each.
The females were raised in a semi-intensive system,
browsing and grazing shrubs and trees; water was
offered ad libitum. The females were fed a daily ration
of fresh Abu 70 (Sorghum biocolor L.) and concentrate
supplements (a mixture of crushed Sorghum bicolor
grains 30%, wheat bran 40%, groundnut cake 25%
and NaCl salt 5%). The pregnant animals were
meticulously observed one month prepartum up to one
month postpartum and were chosen based on mating
records for each individual participant in the trial,
which showed the predicted delivery.

Collection of blood sample

The experimental animals were sampled
twice at two-week intervals in the morning before
feeding. Approximately 7 mL of venous blood was
obtained at 8:00 am via jugular venipuncture using
disposable plastic syringes (Jiangsu Kangsu Medical
Instrument Co., Ltd, China). A volume of 2 mL was
placed into EDTA vacutainers for haematological
analysis. Another 2 mL was drawn into sodium
fluoride vacutainers for glucose determination.
The remaining blood sample was drawn into plain
plastic syringes (Pirmvetta®, Laboratory Technique,
GmbH, Germany), centrifuged at 3000 rpm for 10 min
(Gallenkamp Junior, UK). Free-hemolysis sera were
placed into sterile vials (Eppendorf® Tube) and stored
at -20 °C for serum biochemistry measurements.

Laboratory analysis

Haematological parameters: The URIT-
3010 VET Haematology Analyser (URIT medical

190 / August 2024

electronics) was employed to determine Hb, PCV,
TEC, MCV, MCH, MCHC and TLC. The DLC was
performed in thin Giemsa-Grunewald stained blood
smears (Weiss and Wardrop, 2010).

Blood glucose and serum Ca**, Mg** and
Pi concentrations: Standard spectrophotometric
methods and Bio-systems kits (S. A. Barcelona, Spain)
were used for determining blood glucose (Caraway,
1987), Ca** (Gindler and King, 1972), Mg** (Chromya
et al, 1973) and Pi (Gamst, 1980).

Total protein (TP) and capillary electro-
phoresis: The Biuret standard spectrophotometric
method described by Weichselbaum (1946) was
performed for TP determination. Capillary
electrophoresis was used to perform the percentages
of albumin, ay, ap, B1, B2 and y-globulins using an
Automated MINICAP-SEBIA and MINICAP CDT
kits (MINICAP-SEBIA Instrument, France). The
instrument was checked for precision and accuracy
following the guidelines of Sebia-MINICAP manual,
Ref. 2208.

Statistical analysis

The IBM SPSS Statistics 20 (Inc. SPSS, 2011), a
comprehensive and reliable tool, was used for data
analysis. Resource Equation Approach was performed
for computing the sample size (Mead, 1988; Arifin
and Zahiruddin, 2017). The reference values for blood
parameters were determined using the minimum
sample size in the survey (np4,) according to the
formula adopted by Werner (1992).

nMin > (‘%).52 (1)
The Kolmogorov-Smirnov test was applied to
determine the distribution of the individual values;
the data were normally distributed. General linear
model procedures for analysis of variance ANOVA
tests and descriptive statistics were applied to

evaluate the differences between the groups; the
differences were separated at P<0.05 using LSD.

Results

Overall reference range

Tables 1 and 2 demonstrate the overall reference
ranges of 180 female camels, i.e. TEC (4.06-5.03x10%/
pl), Hb (4.8-11.2 g/dL), PCV (24.8-30.6%), MCV
(29.7-39.4 fl), MCH (25.2-44.4 pg), MCHC (19.6-39.8
g/dL), TLC (11-13%x103/pl), neutrophils (41-49%),
lymphocytes (45-50%), monocytes (1-2%),
eosinophils (5-6%) and basophils (1-3%). The
established reference ranges of blood glucose, serum
TP, albumin, o4, oy, B1, Bp, y-globulins, A/G ratio,
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Ca™, Mg™* and Pi were 67-100 mg/dL, 29-72 g/d],
46-78%,1-7%, 2-10%, 5-14%, 3—-14%, 10-27%, 1-15
and 5-9, 1-2 and 4-6 mmol/L, respectively.

Blood parameters of the growing females
The TEC, monocytes percentage, serum Ca*™,
Mg*™* and Pi in the growing females were significantly

Table 1. Statistical data of the haematological parameters in female camels (Camelus dromedarius) during different physiological

states.
Parameter Statistical values Growing Dry Late pregnant Early lactating
X s 5.00+0.684 4.63+0.968P 5.03+0.65° 4.06+0.96
Reference range! 4.2-5.5 3.6-5.5 44-57 3.8-4.9
6 g
TEC (x10°/p) Median 5.2 48 5.0 47
(1.-3. Quartile) 4.2-5.5 3.6-5.5 44-57 3.0-4.8
X s 7.80+2.78 9.4041.9Ab 9.90+0.892 8.0241.2¢
Reference range! 4.8-10.2 74-11.2 8.9-10.6 6.8-9.2
[Hb] (g/d1) Median 83 9.6 10.2 8.1
(1.-3. Quartile) 4.8-10.2 7.4-11.2 8.9-10.6 8.9-9.2
X s 27.76+4.7 29.4+4.9 29.9+4.89 28.02+4.82
PCV (%) Reference range! 24.8-30.2 27.4-31.2 28.9-30.6 26.8-29.2
? Median 28.3 29.6 30.2 28.1
(1.-3. Quartile) 24.8-30.2 27.4-31.2 28.9-30.6 26.9-29.2
X s 32.93+2.8 35.3+2.8 36.03+2.9 34.34+2.3
Reference range! 29.7-34.7 32.7-38.2 34-39.4 32.5-38.2
MCV () Median 144 15 14.7 13.7
(1.-3. Quartile) 9.7-14.7 12.7-18.2 14-19.4 12.5-18.2
X s 21.67+4.35 20+0.62 28.67+0.6 20.76+2.7
Reference range’ 25.2-41.5 39.5-40.7 38.1-39.3 38.1-44.4
MCH (pg) Median 383 39.8 38.6 413
(1.-3. Quartile) 15.2-41.5 39.5-40.7 38.7-39.7 38.2-43.1
Refelrelj_:ci:range1 2169467—1’3»191 85 2302—72%063 122?—2’82 21.10+1.88
MCHC (g/dl) Median 20 202 20.1 Bt
(1.-3. Quartile) 19.6-39.8 20.0-20.6 18.6-20.2 ’ ’
X *s 11.93+4.9 11.9744.85 12.3+4.82 12.22+4.9
Reference range! 11-12.8 11.8-12.1 12.1-12.5 11-13.3
3 g
TLC (x10°/p) Median 12 12 123 125
(1.-3. Quartile) 11-12.8 11.8-12.1 12.1-12.5 11.3-13
X *s 425421 41.67+2.5P 41.5+0.7¢ 47.5+2.12
N Reference range’ 41-44 39-44 41-42 46-49
Neutrophils (%) Median 25 2 I 475
(1.-3. Quartile) 30.8-33 39-44 30.8-31.5 34.5-36.8
X *s 48.50+2.1 46.5042.1°¢ 50.33+1.52 49.5042.1b
Lymphocytes (%) Reference range! 47-50 45-48 49-52 48-51
ymphocytes (% Median 485 465 50 495
(1.-3. Quartile) 35.25-37.5 33.75-33 49-52 36-38.5
T +s 2+0.024 1£0.01B 140.01 1.33+0.58
Reference range1 2-2.1 1-1.2 1-1.2 1-2
0y
Monocytes (%) Median 2 1 1 1
(1.-3. Quartile) 1.5-1.5 0.75-0.75 0.75-0.75 -
X s 5+0.04 3.5+0.7 5+1.4 4.3+0.58
. S e Reference range! 5-5.2 3-4 4-6 4-5
Fosinophils (%) Median 5 35 5 4
(1.-3. Quartile) 3.75-3.75 2.3-3.0 3-4.5 4-5
X s 2+0.03 1.5+0.7 3+1.4 2.67+0.58
. Reference range' 2-22 1-2 2-4 2-3
0,
Basophils (%) Median 2 15 3 3
(1.-3. Quartile) 1.5-1.5 0.75-1.5 1.5-3 1.5-3

Tm# 5.d.x1.96 indicated the lower and the upper limits, Brackets ([ ]) denote concentration.

Aa, BbOyerall means within the same row bearing different superscripts are significantly different at P<0.05.
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Table 2. Statistical data of selected serum biochemical parameters in female camels (Camelus dromedarius) during different

physiological states.

Parameter Statistical values Growing Dry Late pregnant Early lactating
X £s 71.67+0.58 78.33+11 82.33+10.4 76.80+11.1
Blood glucose Reference range’ 71-72 67-89 72-100 66-97
(mg/dL) Median 72 79 75 73
(1.-3. Quartile) 71-72 67-89 72-100 68-87
X s 42.67+10.8 43.67+5.1¢ 59.67+8.52 50.40+8.8P
Reference range! 35-55 39-49 47-72 38-61
Serum-[TP] (g/1) Median 38 36 60 53
(1.-3. Quartile) 35-55 29-39 47-72 40-59
X s 62.62+8.4 59.85+6.2° 63.33+92 57.25+9.6°
o Reference range' 46-70 47-77 46-78 47-70
Albumin (%) Median 63 58 66 56
(1.-3. Quartile) 46-70 47-75 46-78 48.75-67
X ts 2.5+2.07 2.71+2.132 1.33+0.58P 3.75+3.42
ap-globulins Reference range! 2-3 2-3 1-2 2-7
(%) Median 2.5 2.5 1 3
(1.-3. Quartile) 2-3 2-3 1-2 2-6.3
X ts 4.88+3.13 4.86+3.382 2.67+1.2b 6.50+3.72
. Reference ramge1 2-9 2-9 2-4 2-10
0
ap-globulins (%) Median 5 5 5 7
(1.-3. Quartile) 2-9 2-9 2-4 2.8-9.8
X s 9+3.2 9.29+3.42 742.6° 11+2.92
. Reference range1 7-10 7-10 5-10 8-14
[
Bi-globulins (%) Median 9 9 6 11
(1.-3. Quartile) 7-10 7-10 5-10 8.3-13.8
X ts 6.71+4.8 7.5+4.8 9.5+4.9 6.5+5.1
.o Reference range' 4-12 6-14 6-13 3-14
P2-globulins (%) Median 6.5 75 95 45
(1.-3. Quartile) 3.5-12.8 55-11.8 45-9.8 3.3-11.8
X s 15.6316.7 17.1445.6 19.67+7.5 15.25+3.8
. Reference 1‘ar1ge1 11-18 11-19 12-27 10-18
0y
¥-globulins (%) Median 16 17 20 165
(1.-3. Quartile) 11-18 11-19 12-27 11.3-18
X ts 3.7+4.71 3.7145.8 2.33+1.5 4.75+6.8
. Reference range! 3-4 3-4 1-4 1-15
A/Gratio Median 35 35 2 15
(1.-3. Quartile) 3—4 3—4 1-4 1-11.8
X £s 8.33+1.2 5.67+1.2 5.67+0.58 7.2+1.8
serum-[Ca*"] Reference range! 7-9 5-7 5-6 5-9
(mmol/1) Median 9 5 6 7
(1.-3. Quartile) 7-9 5-7 5-6 5-9
X ts 2+0.01 1.67+0.58 2+0.01 1.80+0.44
serum-[Mg**] Reference range! 2-2.1 1-2 2-2.1 1-2
(mmol/1) Median 2 2 2 2
(1.-3. Quartile) 2-2.1 1-2 2-2.1 1.5-2
X s 6+0.04 5+1.0 5.67+0.58 4.8+0.45
serum-|Pi] Reference mngel 6—6 4-6 5-6 4-5
(mmol/1) Median 6 5 6 5
(1.-3. Quartile) 6-6.2 4-6 5-6 4-5

Im# 5.d.x1.96 indicated the lower and the upper limits, Brackets ([ ]) denote concentration.
A2, BbOverall means within the same row bearing different superscripts are significantly different at P<0.05.

higher (P<0.05) than in dry adult ones, while Hb was
lower (P<0.05). The PCV, MCV, MCH, MCHC, TLC, the
percentage of neutrophils, lymphocytes, eosinophils and

basophils, the blood glucose, serum TP, albumin and oy,
ay, P1, Bz and y-globulins did not change significantly in
the growing females compared to the dry ones.
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Fig 1 illustrates a serum protein electrophoretic
pattern with six fractions. Albumin fraction exhibited
approximately a similar pattern in growing (a) and
dry females (b), while og, ap, B1, B2 and y fractions
differed from those in dry adults.

Blood parameters of late pregnant and early
lactating camels

The TEC and Hb were significantly higher
(P<0.05) in late pregnant camels than in dry ones,
while Hb was lower (P<0.05) in early lactating camels
than in late pregnant and dry ones. Neutrophils
percentage was significantly higher (P<0.05) in early
lactating camels than in dry females. In contrast, their
percentage was lower (I’<0.05) in late pregnant camels
than in early lactating and dry ones. Lymphocytes
percentage was significantly higher (P<0.05) in late
pregnant camels than in early lactating and dry ones.
The PCV, MCV, MCH, MCHC and TLC values and
the percentage of eosinophils and basophils did
not change significantly in late pregnant and early
lactating camels.

Serum TP was significantly higher (P<0.05)
in late pregnant and early lactating camels than in
dry ones (Table 2). The albumin fraction percentage
was significantly higher (P<0.05) in late pregnant
camels than in dry and early lactating ones; however,
the percentage was significantly lower (P<0.05) in
early lactating animals than in dry females. The
percentage of a4, op and Bi-globulin fractions were
lower (P<0.05) in late pregnant than in dry and early

lactating camels, while the highest significant (P<0.05)
percentage was observed during early lactation.
Camels in late pregnancy and early lactation revealed
no substantial change in blood glucose, B,- and
y-globulins, A/G ratio and serum Ca**, Mg** and Pi.

Fig 2 shows albumin fraction exhibited
approximately similar pattern in dry (a), late
pregnancy (b) and early lactation (c). However, ay,
a, B1, B2 and y- globulins displayed different patterns
in response to the physiological state.

Discussion

Determination of the reference ranges for
blood parameters is essential for monitoring health,
prognosis, diagnosis and treatment of diseases. To the
author’s knowledge, there is relatively little published
data on the reference intervals of blood parameters
in female camels. Therefore, we established a
reference range for these parameters during various
physiological states, which might be utilised for the
clinical monitoring of females health. In dromedary
camels, most prior reference values were obtained
on undefined and relatively small groups, with
no consideration given to the physiological states
(Faye and Bengoumi, 2018). In clinical practice, it is
critical to assess the number of animals required for
establishing representative reference ranges.

In this study, we applied equation (1), as
established by Werner (1992), to determine the
minimum number of samples (nMin) required.
Equation (1) clearly demonstrated that the reference

(a)
Albumin
7]
B1 Y
a &
| 1 | T
Serum protein electrophoresis

(b)

Albumin

Serum protein electrophoresis

Fig 1. Serum protein capillary electrophoresis pattern of the growing (a) and dry adult female camels (b).
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values for these parameters are mostly determined
by the standard deviation of their individual values.
The confidence level of A =1 ul, g/dL, mmol/L
and g/L indicates that the average & of x values in
the population with an error probability of a = 0.05
should not deviate more than 1 pl, g/dL, mmol/L,
or 1 g/L from the mean value of the selected groups.
The PCV, TLC and blood glucose demonstrated no
significant differences between the experimental
females (Tables 1 and 2); therefore, we computed a
mean value for the standard deviation (s) of all groups
for these parameters and substituted the estimated
values of s = 4.8 as 6 in Equation (1):

nMin > (1-_196).(4.8)2=45 animals

The determined minimum number of camels
(nMin) equal to or less than 45 represents the precise
number of females in each group; hence, the reference
ranges for each parameter suggest reference values
under defined physiological conditions. The nMin for
all parameters studied using the same equation was
comparable to or less than the minimum number of
animals employed (Tables 1 and 2).

The mean and reference interval for the
erythrocytes parameters (PCV, Hb, TEC, MCV, MCH
and MCHC) reported for the growing, dry, late
pregnant and early lactating camels were similar to
the reference range of dromedary camels (Faye and
Bengoumi, 2018; Waziri et al, 2019; Islam et al, 2019;
Martin-Barrasa et al, 2023).

The current study demonstrated significantly
lower TEC and Hb in growing females than in dry
ones, while PCV, MCH, MCV and MCHC exhibited
no change. Conversely, many investigators reported
significant changes in PCV, MCV, MCH and MCHC
with age in camels (Al-Sultan, 2008; Elkhair and
Elmgboul, 2015; Tharwat et al, 2015). Significant lower

values of TEC and Hb have been reported by Yagoub
(1988), who concluded that camels aged one to five
years had lower TEC values than camels aged more
than five years. Furthermore, Al-Busadah and Osman
(2000) found that age influenced the erythrocytes
parameters, with younger camels exhibiting lower
TEC and Hb values than the older camels. In contrast,
young camels showed higher TEC and Hb values than
the older ones (Hussein et al, 1992; Martin-Barrasa ef
al, 2023; Monaco et al, 2024). Moreover, camel calves
had significantly lower values for TEC and Hb than
lactating females (Al-Rammabhi et al, 2016).

The pattern of erythrocytes parameters (higher
TEC and Hb) observed during late pregnancy could
be explained by the increased metabolic demand
for oxygen consumption required for rapid foetal
growth and lactogenesis and suggesting a potential
adaptation to the increased metabolic demands
during pregnancy and redistribution of resources
towards lactation. Conversely, TEC and Hb
manifested significantly lower values in late pregnant
and early lactating camels compared to early lactating
and dry ones (Hussein et al, 1992; Al-Busadah and
Osman, 2000; Elkhair, 2019; Mohamed et al, 2021).
Saeed et al (2011) reported lower TEC, Hb and PCV in
pregnant than those in non-pregnant camels. Other
investigators reported higher values of Hb, PCV, TEC,
MCV and MCH in late pregnant camels compared
to non-pregnant (Abd El-Salaam and Arafa, 2018;
Abdul-Rahaman et al, 2018), whereas TEC and MCV
were significantly lower in lactating camels than those
in non-lactating (Mohamed et al, 2021). Significantly
higher values of PCV, Hb and TEC were recorded
in pregnant and lactating camels and the transition
period (Getnet and Abebe, 2005; Tharwat et al, 2015;
Abd-El-Rahman et al, 2017). The non-significant
variations in PCV and haematological induces (MCV,

@ (b) c
Albumin Albumin ) Albumin
i) —
o B l b l
B Y — a, - B, Y -
o By - oy —
oy 2 I a, B o -
f | I R ] e e L i ——1— 8
Serum protein electrophoresis Serum protein electrophoresis Serum protein electrophoresis

Fig 2. Serum protein capillary electrophoresis pattern of dry (a), late pregnant (b) and early lactating (c) camels.
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MCH and MCHC) values recorded are comparable
to those reported in late pregnant and early lactating
camels and transition period (El Zahar et al, 2017;
Elkhair and Minawy, 2018; Monaco et al, 2024).

The TLC in female camels corresponded with
the reference range demonstrated in the literature for
dromedary camels (Faye and Bengoumi, 2018; Waziri
et al, 2019; Islam et al, 2019; Martin-Barrasa et al, 2023;
Monaco et al, 2024). The TLC and eosinophils and
basophils percentages did not change significantly in
the growing females. The findings are comparable to
previous results documented by many investigators
in camels (Elkhair and Elmgboul, 2015; Omer et al,
2016; Ahmed, 2017). However, other investigators
reported significant changes in TLC with age (Hussein
et al, 1992; Al-Sultan 2008; Saeed and Hussein, 2008;
Tharwat et al, 2015; Islam et al, 2019; Gaashan et al,
2020). Furthermore, TLC, eosinophils and basophils
percentages did not differ significantly in late
pregnant and early lactating animals; however, Axay
et al (2017) reported marked leukocytosis in early
lactating camels compared to late pregnant ones.
Moreover, Al-Busadah and Osman (2000) reported
that TLC of young camels was significantly higher
compared to lactating camels. In other studies, TLC
remained unchanged in late pregnant and lactating
compared to dry camels (Ahmed, 2017; Elkhair and
Minawy, 2018; Mohamed et al, 2021). The slight
non-significant higher values of TLC recorded
during early lactation compared to the dry females is
attributed to neutrophilia recorded (Table 1).

The significant monocytosis obtained for the
growing females contradicts the previous reports (Al-
Sultan, 2008; Elkhair and Elmgboul, 2015; Omer et al,
2016). On the other hand, the significant neutrophilia
and lymphocytosis observed during early lactation
and late pregnancy, respectively, compared
to the dry ones, potentially indicate an immune
response to the stress of pregnancy, parturition
and lactation, as well as the release of ACTH and
cortisol (Getnet and Abebe, 2005; Omer et al, 2016;
Ahmed, 2017; Mohamed et al, 2021). Neutrophilia
and lymphocytosis during early lactation and late
pregnancy were consistent with previous findings in
camels (Muhammad et al, 2011; Tharwat et al, 2015;
El Zahar et al, 2017; Ebissy et al, 2019; Elkhair, 2019).

The blood glucose concentration in camels,
a key indicator of metabolic health, is comparable
to the reference range established by Faye and
Bengoumi (2018). The non-significant variation in
glucose concentration in growing camels, specifically
those between the ages of 1-5 years, is particularly
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significant as it aligns with a previous study by
Ghodsian et al (1978), which found no significant
difference in camels up to five years old. However,
it also revealed a contrasting trend, with many
investigators reporting that young camels, typically
under the age of 5 years, were more hyperglycemic
than adults (Elias and Yagil, 1984; Faye and Mulato,
1991; Souilem et al, 1999; Ben Romdhane et al, 2003;
Roba et al, 2023). These findings underscore the
importance of age as a factor in blood glucose
regulation in camels.

It is widely known that the blood glucose in
camels increases with progressive pregnancy and
decreases during the first two weeks of lactation
(Kelanemer et al, 2015; Souilem et al, 1999). The
current study found no significant differences in
glucose concentration in late pregnant and early
lactating camels. The results are consistent with
previous findings reported in late pregnant, early
lactating camels and the transition period, such as
those by Tharwat et al (2015), El Zahar et al (2017),
Ebissy et al (2019), Faraz et al (2021) and Mohamed
et al (2021). The non-significant hypoglycemia
reported in early lactating camels compared to late
pregnant ones is most likely attributable to volume
expansion combined with increased consumption of
large amounts of blood glucose for lactose synthesis
(Jainudeen and Hafez, 1992; Kaneko et al, 2008). Many
investigators concluded that the potential synthesis of
milk lactose was linked to increased glucose uptake
by the mammary glands (Afshar and Fathi, 2012;
Zhao, 2014).

It is well established that protein requirement
increases with progressive pregnancy and the onset
of lactation, as indicated by decreased maternal serum
protein concentration (Muhammad et al, 2011; Saeed
et al, 2011; Roba et al, 2023). Farm animals consume
more amino acids from the maternal bloodstream for
protein synthesis due to the progressive increase in
foetal growth (Jainudeen and Hafez, 1994). Compared
to dry ones, the considerable hyperproteinemia
observed in late pregnant camels combined with
marked variations in albumin and al, a2 and B1-
globulins, indicates the critical metabolic changes
during these stages required foetal growth and
lactogenesis. The findings reveal unique metabolic
changes in camels during late pregnancy and early
lactation, such as hyperproteinemia and variations
in albumin and globulin fractions, which are more
pronounced in late pregnant and early lactating
animals compared to dry females. These changes
suggest a potential role of albumin and globulins in
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regulating dynamic balance and immune response,
respectively.

Camels in late pregnancy and early lactation
revealed no substantial change in globulin fractions
(B2- and y) and A/G ratio, confirming the stability
of these parameters during these stages. Generally,
the significant changes in serum protein profile
observed in late pregnancy (TP and albumin ratio
and |al, a2 and B1-globulins) followed by a marked
hypoproteinemia in early lactating camels than those
in the dry females reflects the maternal requirement of
proteins for foetal growth or to cope with colostrum
and milk synthesis and production and providing
immunoglobulins. Many investigators explained
the changes in serum protein profile during late
pregnancy and early lactation by the increased
maternal requirement of proteins for foetal growth,
colostrum and immunoglobulins synthesis (Kaneko et
al, 2008; Tharwat et al, 2015; Elkhair, 2019). In contrast,
pregnant and lactating camels showed a marked
decrease in serum protein parameters (Elkhair and
Hartmann, 2014; Kelanemer et al, 2015; Tharwat et al,
2015; Elkhair, 2016; 2019; El Zahar et al, 2017; Elkhair
and Minawy, 2018; Elkhair ef al, 2018; Ebissy et al,
2019; Mohamed et al, 2021).

Serum protein capillary electrophoretic pattern
is widely used to indicate health status and may act
as crucial diagnostic and prognostic biomarkers for
numerous pathogenic disorders (Alberghina et al,
2011; Yang et al, 2012). The current results validated
the application of capillary electrophoresis for serum
protein fractionation in female camels during different
physiological states. Many researchers found that
age and growth phase have a significant influence
on serum proteins electrophoresis components:
albumin, ag, ap, By, Bo, y-globulins and A/G ratios
in camels (Ahmadi-hamedani et al, 2014; Elkhair
and Hartmann, 2014; Abdoslam et al, 2018). Serum
protein capillary electrophoretic pattern obtained
produced six fractions, including albumin and five
globulin fractions, consistent with previous camel
results (Chaudhary et al, 2003; Abdoslam et al, 2018).
The progressive, non-significant increase in globulin
fractions observed in dry adult females compared
to the growing camels can provide an age-related
explanation. The significant decrease in a4, ay and By
percentages during early lactation is probably due to
the decrease in various o-fraction molecules and the
passage of Bq-fraction molecules from the bloodstream
to the mammary glands for milk and colostrum
biosynthesis (Kaneko et al, 2008). The significant
increase in albumin fraction percentage combined
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with a significant decrease in o1-, 0p- and Bi-globulins
has been observed in lactating camels, dairy cows
and ewes (Piccione et al, 2011, 2012; Elkhair and
Hartmann, 2014; Ebissy et al, 2019; Téthova et al, 2018;
Mohamed et al, 2021; Adam and Elkhair, 2023). In the
present study, y-globulins and A/G ratio showed
non-significant changes during late pregnancy and
early lactation. Conversely, significant higher values
of y-globulins accompanied by lower A/G ratio in
lactating camels (Elkhair and Hartmann, 2014).

All animal species require mineral for growth,
reproduction and lactation (Underwood and Suttle,
1999). The serum mineral profile obtained for Ca*”,
Mg** and Pi concentrations is comparable to the
reference values for camels (Elkhair, 2016; Faye
and Bengoumi, 2018). In the growing females, the
significant hypercalcemia, hypermagnesemia and
hyperphosphatemia observed could be attributable
to their higher mineral requirements for growth. This
finding raises intriguing questions about the unique
mineral needs of growing female dromedary camels
and the potential implications for their health and
development. Goff (2015) stated that Ca**, Mg** and
Pi were essential for blood and muscles functions,
enzymatic reactions, cellular components synthesis
and energy transferring molecules. Extensive research
has consistently shown that young camels are
hypercalcemic (Elias and Yagil, 1984; Rezakhani et
al, 1997; Al-Busadah 2003, 2010; Ben Romdhane et al,
2003; Saeed et al, 2004; Barri et al, 2005; Tajik et al, 2015,
Martin-Barrasa et al, 2023), hypermagnesemic (Barri
et al, 2005; Tharwat et al, 2015; Elkhair, 2019; Martin-
Barrasa et al, 2023) and hyperphosphatemic (Saeed
et al, 2004; Al-Busadah, 2010; Elkhair, 2016; Martin-
Barrasa et al, 2023) than adults. However, other
researchers concluded that age had no remarkable
influence on Ca**, Mg** and Pi (Faye and Mulato,
1991; Saeed et al, 2004; Tajik et al, 2015; Tharwat et al,
2015; Elkhair, 2016).

The serum concentrations of Ca**, Mg** and Pi
in late pregnant and early lactating animals remained
stable, a finding that aligns with previous reports
in lactating camels (Singh et al, 2015; Tharwat et al,
2015; Ebissy et al, 2019). However, the observation of
non-significant hypercalcemia and hypermagnesemia
during these critical periods challenges the
previously reported considerable hypocalcaemia
and hypomagnesemia in camels. These conditions
were attributed to excessive losses through urine and
colostrum or impaired absorption of these minerals
from the alimentary tract (Eltohamy et al, 1986; Kuria
et al, 2006). The lack of statistical significance in serum
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Pi during late pregnancy or early lactation also echoes
the findings of several camel researchers (Khadjeh,
1998; Saeed et al, 2009; Ahmed, 2017; Faraz et al, 2021).
However, a contrasting study by Mohamed et al
(2021) suggests that hyperphosphatemia during early
lactation is most likely caused by enhanced growth
hormone (GH) activity combined with intestinal
absorption and renal reabsorption of Pi, which
stimulates GH synthesis by the alveolar cells of the
mammary glands. This finding could have significant
implications for our understanding of camel health
and the management of late pregnancy and early
lactation.

Conclusion

Blood parameters were affected significantly
by the age, growth phase, late pregnancy and
early lactation in female camels reared under
a semi-intensive system. Critical alterations in
these parameters concerning the corresponding
physiological state could be associated with
growth requirements, intensive foetal growth and
lactogenesis. The data could be employed to evaluate
the metabolic profile of growing, pregnant and
lactating camels and to develop efficient management
strategies for females in a semi-intensive system.

Abbreviations

Hb: Hemoglobin; PCV: Packed cell volume;
TEC: Total erythrocytes count; MCV: Mean
corpuscular volume; MCH: Mean corpuscular
haemoglobin; MCHC: Mean corpuscular haemoglobin
concentration; TLC: Total leukocytes count; Serum-
[TP]: Serum total protein concentration; [Ca™™],
[Mg™] and [Pi]: calcium and magnesium and
inorganic phosphate concentration.

Funding

The research project was funded by the
Ministry of Higher Education and Scientific Research
(Sudan) and the Deanship of Scientific Research,
Vice Presidency for Graduate Studies and Scientific
Research, King Faisal University, Saudi Arabia (Grant
No. 5, 960). Nawal M. Elkhair was a recipient of
the research fund. The funder had no role in study
design, data collection and analysis, publication
decisions, or manuscript preparation.

Acknowledgements

The author would like to thank and
acknowledge the Deanship of Scientific Research,
Vice Presidency for Graduate Studies and Scientific
Research, King Faisal University (Saudi Arabia) and

Journal of Camel Practice and Research

the technician team of the Department of Physiology,
Faculty of Veterinary Medicine, University of
Khartoum (Sudan) for financial support and
laboratory assistance.

Conflict of Interest
The author declares no conflict of interest.

Data Availability data Statement

The data is available in the manuscript and from
the corresponding author upon reasonable request.

References
Abd El-Salaam AM and Arafa MM. Postpartum haematological,
biochemical, mineral and hormonal changes in blood of
Maghrebian she-camels with different parity orders
under Egyptian condition. IOSR Journal of Agriculture
and Veterinary Science. 2018; 11(2):68-78.

Abd-El-Rahman HMA, Ibrahim MA and Elmetwaly HA.
Hormonal profile, antioxidant status and some
biochemical parameters during pregnancy and
periparturient period in dromedary she camel. Egypt.
Egyptian Journal of Veterinary Sciences. 2017; 48(2):81-
94 https:/ /doi.org/10.21608/ ejvs.2017.2040.1022

Abdoslam O, Bayt-Almal M, Almghrbe A and Algriany
O. Serum protein electrophoretic pattern in one-
humped camels (Camelus dromedarius) in Tripoli, Libya.
Open Veterinary Journal. 2018; 8:1-4. https://doi.
org/10.4314/ovj.v8il.1

Abdul-Rahaman A, Mnati A and Mohammed WM. Effect
of different gestation periods on some physiological
aspects of Iraqi female dromedary camel (Camelus
dromedarius). Iraqi Journal of Agricultural Sciences.
2018; 49(4):494-707. https://doi.org/10.36103/ijas.
v49i4.80

Adam AA and Elkhair NM. Serum protein capillary
electrophoretic pattern during lactation period in
camels (Camelus dromedarius). Comparative Clinical
Pathology. 2023; 32:599-605. https:/ /doi.org/10.1007/
s00580-023-03468-z

Afshar M and Fathi H. Lactose in ruminants feeding: A review.
Annals of Biological Research. 2012; 3(1):645-650.

Ahmadi-hamedani M, Ghazvinian K, Kokhaei P, Barati M and
Mahdavi A. Comparison of effects of age and sex on
serum protein electrophoretic pattern in one-humped
camels (Camelus dromedarius) in Semnan, Iran. Open
Veterinary Journal. 2014; 4:4-8. PMCID: PMC4629590

Ahmed MH. Effects of selenium and vitamin E injection during
transition period on physiological performance of
camels (Camelus dromedarius) and their neonates reared
under semi-intensive system. Thesis (MVSc), University
of Khartoum, Sudan. 2017.

Ahmed MH and Elkhair NM. Effects of the physiological
status and selenium and vitamin E injection during
transition period on serum proteins parameters in
camels (Camelus dromedarius) reared under semi-
intensive system. International Journal of Research in
Medical and Basic Sciences. 2019; 5(1):14-25.

August 2024/ 197



Alberghina D, Giannetto C, Vazzana I, Ferrantelli V and
Piccione G. Reference intervals for total protein
concentration, serum protein fractions and albumin/
globulin ratios in clinically healthy dairy cows. Journal
of Veterinary Diagnostic Investigation. 2011; 23:111-114.
https:/ /doi.org/10.1177/ 104063871102300119

Al-Busadah KA and Osman TEA. Haematological parameter of
adult dry, lactating and camel calves in Saudi Arabia.
Pakistan Journal of Biological Sciences. 2000; 3(10):1749-
1751. https:/ /doi.org/10.3923 / pjbs.2000.1749.1751

Al-Busadah KA. Some aspects of calcium and magnesium
metabolism in camel calves. Journal of Camel Practice
and Research. 2003; 10(2):111-114.

Al-Busadah KA. Serum concentration of aluminum, calcium,
magnesium and phosphorous in camels. Scientific
Journal of King Faisal University. 2010; 11(1):161-167.

Al-Rammahi HM, Al-Jebory HA and Abed Al-Sattar H.
Some normal haematological values of Arabian camels
reared in western desert of Al-Najaf governorate/Iraq.
MRVSA 5 (Special issue) 1%t Iragi Colloquium on Camel
Diseases and Management, 2016; pp 34-38.

Al-Sultan SI. Studies on haematological and certain serum
biochemical values in young Magaheim dromedary
camel at Al-Ahsa province. Veterinary Research.
2008; 2(3-4): 34-37. https:/ /medwelljournals.com/
abstract/?doi=vr.2008.34.37

Arifin WN and Zahiruddin WM. Sample size calculation
in animal studies using resource equation approach.
Malaysian Journal of Medical Sciences. 2017; 24(5):101-
105. https:/ /doi.org/10.21315/mjms2017.24.5.11

Atta A, El-Shourbagy I, Gawish H, El-Metwaly H, Younis F
and Salem M. Farming and pastoral systems shape
the physiological and immunological indices of the
dromedary she-camels. Egyptian Journal of Cancer
and Biomedical Research. 2021; 5(1):49-63. https:/ /doi.
org/10.21608 /jcbr.2020.49275.1092

Axay ], Haque F, Lateef A, Patel A, Patel P and Bhalakiya
N. Study on blood metabolites and leukocyte indices
of Kutchi camels during different stages of lactation.
Journal of Animal Health and Production. 2017;
5(3):92-96. http://dx.doi.org/10.17582/journal.
jahp/2017/5.3.92.96

Ayoub MA, El Khouly AA and Mohamed TM. Some
haematological and biochemical parameters and steroid
hormone levels in the one-humped camel during
different physiological conditions. Emirates Journal
of Food Agriculture. 2003; 15(1):44-55. https://doi.
org/10.9755/ ejfa.v15i1.5281

Barri MES, Al-Busadah KA and Homeida AM. Comparative
calcium and magnesium status in adult and young
camels. Scientific Journal of King Faisal University.
2005; 6:151-158.

Ben Romdhane S, Romdane MN, Feki M, Sanhagi H, Kaabachi
N and M’'Bazaa A. Blood biochemistry parameters in
dromedary (Camelus dromedarius). Revue de Médecine
Vétérinaire. 2003; 154(11):695-702.

Caraway WT. Carbohydrates. In: Tietz NW. Fundamentals of
Clinical Chemistry. 1987; Saunders, Philadelphia.

198 / August 2024

Chaudhary ZI, Igbal J and Rashid J. Serum protein
electrophoretic pattern in young and adult camels.
Australian Veterinary Journal. 2003; 81(10):625-626
https:/ /doi.org/10.1111/j.1751-0813.2003.tb12508.x

Chromya V, Svoboda V and Stepanova I. Spectrophotometric
determination of magnesium in biologic fluids with
xylidyl blue. Biochemical Medicine. 1973; 7(2):208-217.
https:/ /doi.org/10.1016/0006-2944(73)90075-6

Ebissy EA, El-Sayed AA and Mohamed RH2. Haematological
and biochemical profile in female camels (Camelus
dromedarius) during the transition period. Slovenian
Veterinary Research. 2019; 56(22):571-577. https:/ /doi.
org/10.26873 /SVR-794-2019

El Zahar H, Zaher H, Alkablawy A, Al Sharifi S and Swelum
A. Monitoring the changes in certain haematological
and biochemical parameters in camels (Camelus
dromedarius) during postpartum period. Journal of
Fertility Biomarkers. 2017; 1(1):47-54. https:/ /doi.
org/10.14302/issn.2576-2818 jfb-17-1595

Elias E and Yagil R. Haematological and serum biochemical
values in lactating camels and their newborn. Refuah
Veterinary Journal. 1984; 41:7-13.

Elkhair NM and Hartmann H. Serum protein capillary
electrophoretic pattern in camels (Camelus dromedarius):
influence of age and sex. Journal of Life Sciences. 2014;
8(1):78-81.

Elkhair NM and Elmgboul WE. Haematological parameters
of neonate camels (Camelus dromedarius) during the
first week of life. University of Khartoum Journal of
Veterinary Medicine and Animal Production. 2015;
6(2):103-110.

Elkhair NM, Ahmed MH and Alameen AO. Monitoring of
certain serum biochemical parameters during transition
period in camels (Camelus dromedarius). University of
Khartoum Journal of Veterinary Medicine and Animal
Production. 2018; 9(1):27-35.

Elkhair NM and Minawy AA. Effect of the physiological status
on the haematological parameters of female camels
(Camelus dromedarius). University of Khartoum Journal
of Veterinary Medicine and Animal Production. 2018;
9(2):154-162.

Elkhair NM. Influence of age and sex on certain serum
biochemical parameters of dromedary camels (Camelus
dromedarius). Nova Journal of Medical and Biological
Sciences. 2016; 5(3):1-8.

Elkhair NM. Monitoring of the haematological parameters in
camels (Camelus dromedarius) during late pregnancy
and early lactation. EC Veterinary Science. 2019; 4(8):
675-680.

Eltohamy MM, Salama A and Youssef AEA. Blood constituents
in relation to the reproductive state in she-camel
(Camelus dromedarius). Beitrage zur Tropischen
Landwirtschaft und Veterinarmedizin. 1986; 24:425-430.
https:/ / pubmed.ncbi.nlm.nih.gov/3566702

Faraz A and Waheed A, Tauqir NA, Mirza RH, Ishaq
HM, Nabeel MS. Effect of pregnancy on blood
biochemical profile of semi-intensive kept Marecha
(Camelus dromedarius) Camel. International Journal of

Journal of Camel Practice and Research



Agriculture and Biology. 2021; 25:241-248. https:/ /doi.
org/10.17957/1JAB/15.1662

Faye B and Mulato C. Facteurs de variation des parametres
protéo-énergétiques, enzymatiques et minéraux dans le
plasma chez le dromadaire de Djibouti. Revue d’élevage
et de médecine vétérinaire des pays tropicaux. 1991;
44:325-334. https:/ /doi.org/10.19182/remvt.9174

Faye B and Bengoumi M. Haematology. In: Camel Clinical
Biochemistry and Haematology, Springer International
Publishing. 2018; pp 13-45.

Gaashan MM, Al-Mubarak AIA and Hussen, J. Leukocyte
populations and their cell adhesion molecules
expression in newborn dromedary camel calves.
Veterinary World. 2020; 13:1863-1869. https://doi.
org/10.14202/ VETWORLD.2020.1863-1869

Gamst O and Try K. Determination of serum-phosphate without
deproteinisation by ultraviolet spectrophotometry of the
phosphomolybdic acid complex. Scandinavian Journal
of Clinical Laboratory Investigation. 1980; 40(5):483-486.
https:/ /doi.org/10.3109/00365518009101872

Getnet AM and Abebe W. The influence of late pregnancy
and excitement on blood parameters of Issa type
dromedaries in Eastern Ethiopia. Israel Journal of
Veterinary Medicine. 2005; 60:117-120. https:/ /studylib.
net/doc/7706468

Ghodsian I, Nowrouzian I and Schels HF. A study of some
haematological parameters in the Iranian camel.
Tropical Animal Health and Production. 1978; 10:109-
110. https://doi.org/10.1007/BF02235320

Gindler EM and King JD. Rapid colorimetric determination
of calcium in biologic fluids with methyl thymol blue.
American Journal of Clinical Pathology. 1972; 58:376-
382. https:/ /doi.org/10.1093/ajcp/58.5.376

Goff JP. Minerals, bones and joints. In: Reece, W.O., Erickson,
H.H., Goff, ].P., Uemura, E.E. (Eds.), Duke’s Physiology
of Domestic Animals. 13th ed. John Wiley and Sons Inc.
2015; pp 568-578.

Hussein MF, Liman MM, Mogawer HH, Bakkar MN and
Garel Nabi AR. The haematology of growing camels
(Camelus dromedarius) during the first year of life. Asian-
Australasian Journal of Animal Sciences. 1992; 5(3):519-
525. https:/ /doi.org/10.5713/ ajas.1992.519

Hussein MF, Salah MS, Mogawer HH and Gar EINabi AR.
Effect of lactation on the haemogram and certain
blood constituents of the dromedary camel. Journal of
Applied Animal Research. 1992; 1:43-50. https:/ /doi.or
g/10.1080/09712119.1992.9705907

Inc SPSS. IBM SPSS Statistics Base 20, SPSS Inc. Chicago, IL,
USA. 2011.

Islam S, Ferdous J, Rahman MK, Akter S, Hassan MM
and Islam A. Reference values for haematological
and serum biochemical parameters of dromedary
camel (Camelus dromedarius) in sub- tropical climate
of Bangladesh. Advances in Animal and Veterinary
Sciences. 2019; 10:232-237. https://doi.org/10.17582/
journal.aavs/2019/7.4.232.237

Jain NC. Essentials of Veterinary Haematology, Second ed. Lea
& Febiger, Philadelphia, USA. 1998; pp 65-68.

Journal of Camel Practice and Research

Jainudeen MR and Hafez ESE. Gestation, prenatal physiology
and parturition. In: Hafez, ES.E., (Ed.), Reproduction
in Farm Animals. Lippincott, Williams and Wilkins.
1994; pp 247-283.

Jalali SM, Hasani YN, Darabifard A and Mavadati AH.
A study of hematologic and biochemical profile in
female dromedary camels during the breeding and
non-breeding seasons. Comparative Clinical Pathology.
2018; 27(3):655-659. https:/ /doi.org/10.1007/s00580-
018-2645-1

Kaneko JJ, Harvey JW and Bruss ML. Clinical Biochemistry of
Domestic Animals, Sixth ed. Elsevier Academic Press,
London. 2008.

Kelanemer R, Antoine-Moussiaux N, Moula N, Abu-median
A, Hanzen C and Kaidi R. Effect of nutrition on
reproductive performance during the peripartum
period of female camel (Camelus dromedarius) in Algeria.
Journal of Animal Veterinary Advances. 2015; 14:192-
196. https:/ /doi.org/10.36478 /javaa.2015.192.196

Khadjeh GH. Concentration of serum electrolytes in pregnant
and non-pregnant camels (Camelus dromedarius). Journal
of Camel Practice and Research. 1998; 5(2):289-290.

Kuria SG, Gachuiri CK, Wahome RG and Wanyoike MM.
Mineral profile in the plasma of free ranging camels
(Camelus dromedarius) in Kenya. Indian Journal of
Animal Sciences. 2006; 76(12):1068-1070. http:/ /www.
Irrd.org/lrrd25/8/kuri25149.htm

Martin-Barrasa JL, Tejedor-Junco MT, Cabrera S, Morales
M, Melian A and Corbera JA. Haematological and
biochemical blood reference values for Canary
Island camels (Camelus dromedarius), an endangered
dromedary species. Saudi Journal of Biological
Sciences. 2023; 30(6):103677. https:/ /doi.org/10.1016/].
sjbs.2023.103677

Mead R. The design of experiments: Statistical Principles for
Practical Applications. Cambridge University Press,
Cambridge. UK.1988.

Mohamed RH, Ali F and Nour SY. Comparative studies on
ovarian hormones and hematobiochemical profile
of lactating and non-lactating she-camels (Camelus
dromedarius). Comparative Clinical Pathology. 2021;
30:415-420. https:/ /doi.org/10.1007/s00580-021-03232-1

Monaco D, Mariella J, Fusi ], Osman TK, Abdel Rauf A and
Probo M. Haematological reference intervals in new-
born dromedary calves in the first week after birth:
Age and sex-related variations. Research in Veterinary
Science. 2024; 169:105172. https://doi.org/10.1016/].
rvsc.2024.105172.

Muhammad BF, Aliyu D, Njidda AA and Madigawa IL. Some
haematological, biochemical and hormonal profile
of pregnant and non-pregnant she-camels (Camelus
dromedarius) raised in a Sudan savanna zone of Nigeria.
Journal of Camel Practice and Research. 2011; 18(1):73-
77.

Omer SA, Khougali SME, Agab H and Samad GHA.
Studies on some biochemical and haematological
indices of Sudanese camels (Camelus dromedarius)
2016). http:/ /www.sustech.edu/staff publications/
20090615152717900.pd(f.

August 2024 / 199



Onasanya GO, Oke FO, Sanni TM and Muhammad Al
Parameters influencing haematological, serum and bio-
chemical references in livestock animals under different
management systems. Open Journal of Veterinary
Medicine. 2015; 5:181-189. https://doi.org/10.4236/
0jvm.2015.58025

Piccione G, Messina V, Schembari A, Casella S, Giannetto C
and Alberghina D. Pattern of serum protein fractions
in dairy cows during different stages of gestation and
lactation. Journal of Dairy Research. 2011; 78:421-425.
https:/ /doi.org/10.1017/50022029911000562

Piccione G, Alberghina D, Marafioti S, Giannetto C, Casella S,
Assenza A and Fazio F. Electrophoretic serum protein
fraction profile during the different physiological
phases in Comasina Ewes. Reproduction in Domestic
Animal. 2012; 47:591-595. https:/ /doi.org/10.1111/
j.1439-0531.2011.01925.x

Rezakhani A, Habibabadi, SN, Ghojogh MM. Studies on
normal haematological and biochemical parameters of
Turkmen camel in Iran. Journal of Camel Practice and
Research. 1997; 4(1):41-44

Roba W], Yisehak KK, Asrat AG. Effects of season, productive
state, age and agro-ecology on blood biochemical
characteristics of dromedary camels (Camelus
dromedarius) in natural browsing environment. Asian
Journal of Dairy and Food Research. 2023; DOI:
10.18805/ ajdfr.DRF-330

Saeed A, Hussain MM, Khan IA, Chand G, El-Yousuf RA.
Effect of sex and age on blood biochemical profile in
camel. Journal of Camel Practice and Research. 2004;
11(1):73-77.

Saeed A and Hussein MM. Change in normal haematological
values of camels (Camelus dromedarius): Influence of age
and sex. Comparative Clinical Pathology. 2008; 17:263-
266. https:/ /doi.org/10.1007/s00580-008-0736-0

Saeed A, Khan IA and Hussein MM. Change in biochemical
profile of pregnant camels (Camelus dromedarius) at
term. Comparative Clinical Pathology. 2009; 18:139-143.
https:/ /doi.org/10.1007 /s00580-008-0763-x

Saeed A, Khan IA and Hussein MM. Change in haematological
profile of pregnant camels (Camelus dromedarius) at
term. Comparative Clinical Pathology. 2011; 20:53-55.
https:/ /doi.org/ 10.1007/s00580-009-0933-5

Singh S, Dedar RK, Legha RA, Bala PA and Patil NV. Minerals
and electrolytes profile in Lactating and pregnant
Indian camels. Journal of Camel Practice and Research.
2015; 22(1):121-124. https://doi.org/10.5958 /2277-
8934.2015.00019.3

Souilem O, Chine O, Alguemi C and Gogny M. Glycaemia in
the camel (Camelus dromedarius) in Tunisia: preliminary
results. Revista de Medicina Veterinaria. 1999;
150(6):537-542.

200 / August 2024

Tajik J, Sazmand A, Hekmatimoghaddam S, Rasooli A and
Mohammadzadeh YA. Serum concentrations of some
ions in clinically healthy camels (Camelus dromedarius).
Eurasian Journal of Veterinary Sciences. 2015; 31(4):204-
208. https://www.eurasianjvetsci.org/pdf/pdf_
EJVS_1099.pdf

Tharwat M, Ali A, Al-Sobayil F, Selim L and Abbas H.
Hemato-biochemical profile in female camels (Camelus
dromedarius) during the periparturient period. Journal
of Camel Practice and Research. 2015; 22(1):101-106.
https:/ /doi.org/10.5958 /2277-8934.2015.00016.8

Tharwat M, Al-Sobayil F and El-Deeb W. Haematology and
serum biochemistry profiles in dromedary camel
calves during the first month of age. Journal of Camel
Practice and Research. 2015; 22:107-112. https:/ /doi.
org/10.5958/2277-8934.2015.00017.X

Tothova C, Nagy O, Nagyova V and Kovac¢ G. Serum protein
electrophoretic pattern in dairy cows during the
periparturient period. Journal of Applied Animal
Research. 2018; 46:33-38. https://doi.org/10.1080/097
12119.2016.1256293

Underwood EJ and Suttle NF. The Mineral Nutrition of
Livestock, Third ed. Center for Agriculture and
Biosciences International, United Kingdom. 1999.

Waziri A, Hassan SU and Igbokwe IO. Haematological
reference values of dromedary camels in northern
Nigeria. Comparative Clinical Pathology. 2019;
28:1769-1777. https:/ /doi.org/10.1007/s00580-019-
03018-6.

Weichselbaum IE. An accurate and rapid method for the
determination of proteins in small amounts of blood
serum and plasma. American Journal of Clinical
Pathology. 1946; 16(3):40-49. https:/ /doi.org/10.1093/
ajcp/16.3_ts.40

Weiss DJ and Wardrop KJ. Schalm’s Veterinary Haematology,
Sixth ed. A John Wiley and Sons, Ltd., Publication.
2010.

Werner J. Biomathematik und Medizinische Statistik. Urban &
Schwarzenberg, Miinchen, Germany. 1992; pp 249-259.

Yagoub IA. Studies on haematological parameters and some
biochemical blood constituents of Sudanese camels
(Camelus dromedarius). Acta Veterinaria. 1988; 38:99-106.

Yang YX, Wang JQ, Bu DP, Li SS, Yuan T], Zhou LY, Yang JH
and Sun P. Comparative proteomics analysis of plasma
proteins during the transition period in dairy cows
with or without subclinical mastitis after calving. Czech
Journal of Animal Science. 2012; 57:481-489. https://
doi.org/10.17221/6348-CJAS

Zhao FQ. Biology of glucose transport in the mammary gland.
Journal of Mammary Gland Biology and Neoplasia.
2014; 9:3-17. https:/ / doi.org/10.1007/s10911-013-9310-8

Journal of Camel Practice and Research



