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ABSTRACT

This study investigates the impact of age, parity, and frequency of milking on the susceptibility of three dromedary
camel breeds to subclinical mastitis (SCM). The study involved 133 animals from the Al-Qassim region of Saudi Arabia,
assessing systemic, milk, immunological, and bacterial characteristics, and determining the likelihood of SCM through
somatic cell count (SCC) and bacterial count of milk. Blood and milk samples were analyzed for bacterial counts,
somatic cell count, and immunoglobulin G (IgG), lactoferrin (LTF), and lactoperoxidase (LPO) concentrations. ELISA
kits were used to quantify serum Cam-TNF-o and Cam-IL-6 Cam-IL-10 concentrations. SCC and milk examination
were used to determine the tendency to form SCM. The study found a significant increase in SCC in Majahem and
Shaele camels (P<0.001) after TAD milking and age >7 years (P<0.001), while a decline in Wadha camels (P<0.05).
All breeds showed an increase in SCC at parity >2, with Majahem and Shaele most affected by factors like increased
SCC and bacteriological examination. The study examined the impact of factors on serum IgG, LTF, and LPO in
different breeds of camels. Results presented significant (P<0.05) elevations in serum IgG and LPO in Majahem, Wadha,
and Shaele camels (P<0.01), while milk LTF increased significantly (P<0.05) in Shaele camels. The study found that
after TAD milking, Majahem camels showed increased TNF-o (P<0.05), IL-6 (P<0.001) and IL-10 (P<0.05) levels,
while Shaele camels showed a decrease in TNF-a (P<0.001) and a decline in IL-10 (P<0.05), indicating excellent
indicator of udder status. The study highlights the importance of understanding microbiology, SCC, and immune
parameters of milk camel breeds for hygienic practices. It highlights the need for early detection of SCM in camel milk,
promoting further research to improve detection performance.
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INTRODUCTION

For those living in arid and semi-arid areas, camel milk
is an essential source of nutrition (Seligsohn et al. 2020;
2021; Seligsohn 2021). Mastitis is a common and
expensive disease that affects dairy camels and has a major
impact on household economy, milk yield, quality and
hygiene. Mastitis can be classified as subclinical if there are
no clinical symptoms at all, or clinical if symptoms are
obvious to owners and veterinarians. To identify the
infected camels and stop the disease from spreading
throughout the herd, the detection of subclinical mastitis
(SCM) necessitates additional diagnostic  testing
(Carvalho-Sombra et al. 2021).

SCM may have an unfavorable impact on the milk's
nutritional value and composition, making it less suitable
for processing and of worse quality (Iraguha et al. 2015).
SCM has a major financial impact on the dairy business as
a result of production and processing losses
(Krishnamoorthy et al. 2021). Since there are no outward
signs of abnormality in the milk, SCM cannot be detected
without specialized diagnostic testing. Knuth et al. (2019)
shown that there are no indications of SCM in milk or in
animals who are in distress. Because changes in the udder
tissue occur before they become noticeable, early
identification of SCM is essential. Aljumaah et al. (2019)
have demonstrated that the somatic cell count (SCC) is a
valid and dependable diagnostic for detecting SCM in
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dromedary camels. Somatic cells proliferate because a
defense mechanism against invading pathogens is
produced by mammary epithelial cells, which sense their
ligands and trigger the proper immune responses (Mohsin
et al. 2022). The majority of somatic cells are composed of
leukocytes and milk-secreting epithelial cells. Jadhav et al.
(2018) determined a cut-off of 310x10° cells/mL of milk
for camels and 200x10° cells/mL for cattle to distinguish
SCM animals from healthy ones (Mohamed et al. 2022). In
another opinion, the best dependable approach for
diagnosing SCM is through milk bacterial screening
(Seligsohn et al. 2020; Mecaj et al. 2023).

There is a broad range in the quantities of immuno-
protective proteins found in camel milk, such as
immunoglobulin G (IgG), lactoferrin  (LTF), and
lactoperoxidase (LPO) (Mohamed et al. 2022). Both the
unique functional single-chain antibodies (IgG2 and 1gG3)
and the conventional heterotetrameric antibodies (1gG1)
are present in camel serum. Research has shown that
camels secrete both IgG1 and HCADbs in their milk (Mann
and Ndung 2020; Mohamed et al. 2022). Additionally,
camel milk has been shown to contain higher amounts of
immunoglobulin G than milk from goats, cows, sheep,
buffalo, and humans (Kowalczyk et al. 2022). The LTF of
camel milk was ten times higher than that of cow's milk
(Mahala et al. 2022). A good measure of the health of the
udder is the release of cytokines, which can vary in milk in
response to pathological or physiological changes (Akhtar
et al. 2020; Vitenberga-Verza et al. 2022). TNF-a and IL-6
are two examples of Thl cytokines that are critical for
initiating the innate immune system's defense against
intramammary infection. As a result, in both clinical and
SCM infections of the mammary glands, these cytokines
have been reported to be significantly increased (Akhtar et
al. 2020; Serdal et al. 2021). Another cytokine present in
milk is called Th2 (IL-10), which is known to limit the
immune response to infections, safeguard host tissues,
inhibit the synthesis of Thl cytokines and inhibit T cell
activation and effector functions (Serstnova et al. 2022).

Three camel breeds totaling 133 animals (Majahem
n=43, Shaele n=43, and Waddah n=47) were used in this
study. The animals were taken from various sites within the
Al-Qassim region of Saudi Arabia. Age, parity, and
variations in milking frequency were assessed in relation to
systemic,  milk, immunological, and  bacterial
characteristics, as well as SCC. To determine the likelihood
of forming SCM, we employed SCC and bacteriological
analysis of milk. We next looked at another parameter to
determine the presence of SCM.

MATERIALS AND METHODS

Ethical Approval

The Animal Ethics Committee at Qassim University in
Saudi Arabia authorized all of the experimental methods
utilized in this work (23-32-04).

Study Area and Animals

A total of 133 lactating camels between the ages of 4
and 10 years from various places in the Qassim region of
the Kingdom of Saudi Arabia (KSA) were used in this
study (Fig. 1). This area experiences an arid environment,
with summer temperatures typically ranging from 40 to

566

Int J Vet Sci, 2024, 13(5): 565-573.

45°C. The months of November through February are
when it rains. Pastures in the area are regarded as arid
during the remainder of the year. The time frame for this
study was November 2021-August 2022. The animals
were housed in grazing and supplement farming systems
after being selected at random. From dawn until midday,
the camels graze in the open spaces around the farm; after
that, they were housed inside for milking and offered
additional feed. The used feed consisted of dry hay 3-
4kg/day (depending on the farm) and concentrates which
consisted of the same ration of barley and cottonseed meal
ad libitum. The animals received regular watering. Most
calving takes place in the winter. She-camels without
systemic diseases or abnormalities were classified into
three distinct subspecies (Abdallah and Faye 2012):
Majahem (black) n=43, Shaele (yellow) n=43, and Wadha
(white) n=47. The farms' approaches to management and
feeding were identical. Animal similarity in the housing,
feeding system, and nutrition sources; they only differ in
the milking times (OAD: once a day and TAD: twice a
day); age (<7 years and >7 years); and parity (<2 and >2).

Milk Samples

Prior to sampling, researchers explained the goals of
the study and the methods of sampling to animal owners
and herders and they got their verbal consent to participate.
The study's anonymous participation policy and the option
to leave at any moment were explained to the participants.
After water washing, disinfecting the teats with alcohol
(70°C), and removing the first streams, the samples were
collected early in the morning and placed into sterilized
tubes. These were then promptly labeled. The angle of the
test tube was set at approximately 45 degrees. Furthermore,
the samples were placed in ice bags inside a special box
and transported to the lab in a matter of two to four hours.
After thorough mixing, 500mL were taken out of each
milking for analysis. After being transported, the samples
were sorted and placed in a tiny 2mL tube, which was
centrifuged for 10min at 10,000rpm in order to extract the
milk and fat. Skim milk samples had their fat removed and
were kept cold until further analysis.

Blood Samples

Venipuncture tubes (10mL) were used to draw blood
from camels, and the samples were stored at room
temperature. The serum from the collected blood samples
was recovered by centrifugation at 3000rpm. for 15min.
The samples were then split and kept at -20°C for the
assessment of immunological and cytokine parameters.

Bacteriological Analysis

After being transported to the laboratory, the milk
samples were promptly refrigerated at 4°C until the
analysis procedure started. Sterile peptone water was used
to serially dilute the milk samples, and 1.0mL aliquots were
applied to each Petri plate that was repeated. A volume of
15-20mL agar was added to each Petri dish. The resultant
plates were properly mixed, allowed to harden, and then
incubated for 24 hours at 32°C.

Total Plate Count (TPC) was carried out using Plate
Count Agar (PCA, Oxoid) in accordance with the
1ISO4833-1 formulation, and Enterobacteriaceae were
counted using Violet Red Bile Glucose Agar (VRBG,



Neogen) in accordance with the 1S021528-2 formulation.
Violet, red bile lactose agar (VRBL, Neogen) is used to
count total coliform (TCC) in accordance with the 1SO
4832 formulation. Tryptone bile x-glucuronide agar (TBX,
Neogen) was used to count E. Coli in accordance with the
ISO 16649-2 formulation (Fig. 2). Colony counter was
used to count the plates, and the result was reported as
cfu/mL. Everything was assembled inside a biological
safety cabinet and incubated for 48 hours £2.0 at 37°C for
Enterobacteriaceae and TCC and 44°C for E. coli.

Somatic Cell Count

An automated cell counter and a direct microscopic
approach were used to count the somatic cells in a
maximum of three hours. A total volume of 1.0mL of raw
milk was centrifuged for 10min at 10,000rpm. After
removing the creamy component and supernatant, the
pellet was resuspended in 1.0mL of phosphate-buffered
saline (PBS) to reconstitute the volume. Ten L of the
cellular suspension were diluted with 125pL of Turk's
solution, which is methylene blue in one to two percent
acetic acid and distilled water. Somatic cells were
counted using a hemocytometer in an extent of 10mL of
the diluted pattern.

Quantification of Cytokines and Bioactive Proteins

The quantification of serum Cam-TNF-o and Cam-IL-
6 concentrations was done by using the commercial
enzyme-linked immunosorbent assay (ELISA) Kits
(Sunlog Biotech, Hangzhou, Zhejiang, China, Cat. No.
SL0030cm and SL0032cm for CamTNF-a and Cam-1L-6
respectively) following the manufacturer’s instructions.
The sensitivity of the test was 0.5pg/mL and 0.1pg/mL and
the intra - assay <10% and inter - assay variability CV was
<12%. The detection range was 3-200pg/mL and 1-
70pg/mL for CamTNF-a and CamIL-6 respectively. The
concentration Cam-IL-10 was determined by using a
commercial ELISA kit (Wuhan Fine Biotech Co., Ltd,
Optics Valley Biomedical Industrial Park, Fine Biotech
Co., Ltd, Optics Valley Biomedical Industrial Park,
Wauhan, China; Cat. No. ECMO0010 following the
manufacturer’s instructions. The intra-and inter assay was
<8% and <10% respectively. Sensitivity was 9.375pg/mL
with the detection range of 15.625-1000pg/mL. The
concentration of 19G, LTF and LPO was determined using
a commercial ELISA kit (Sunlog Biotech, Hangzhou,
Zhejiang, China; kits, Cat. Nos. SL0050cm, SL0051cm,
and SL0039cm, respectively) following the manufacturer's
instructions. The sensitivity of the assay was set at 0.06
pg/mL in IgG, 0.05ng/mL in LTF and 6pg/mL in LPO and
the accuracy (intra-assay variance) The CV of the assay
was set as <10%, the intra-assay variance was lower from
12%. The detection range was 0.3-20pg/mL in IgG, 0.3-
20ng/mL in LTF and 30-2000pg/mL in LPO.

Statistical Analysis

Values were represented as meantSE. To detect
significant differences, a one-way ANOVA will be
performed for the various factors and breeds. The Mann-
Whitney test was used in post hoc analysis to compare the
groups. Analyses were done with GraphPad 7. The level of
significance used was P<0.05; P<0.01 and P<0.001.
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RESULTS

The impact of milking frequency on various camel
breeds was examined in this study (Table 1). It was
discovered that after TAD milking, Majahem and Shaele
camels' SCC significantly (P<0.001) increased in
comparison to that after OAD milking. On the other hand,
SCC revealed a significant (P<0.05) decrease in Wadha
camels following TAD milking. Following TAD milking,
Majahem (P<0.05) and Shaele (P<0.01) camels had
considerably greater levels of Enterobacteriaceae. The
findings showed that TCC in Majahem camels was
significantly (P<0.05) higher following TAD.

The frequency of milking had an impact on the serum
and milk 1gG, LTF, and LPO for various camel breeds
(Table 1). The results demonstrated that Wadha and Shaele
camels' serum IgG levels were considerably higher
(P<0.01) after TAD milking compared to after OAD
milking. In Wadha camels, serum LTF was significantly
higher (P<0.01). However, serum LPO was significantly
lower (P<0.001) following TAD milking. Nevertheless,
following TAD milking, there was a significant (P<0.05)
increase in serum LPO in Shaele camels. Following TAD
milking, milk 1gG significantly increased in Wadha
(P<0.001) and Shaele (P<0.01) camels. Nevertheless, milk
LTF in Wadha camels dramatically decreased (P<0.01). In
contrast, following TAD milking, Shaele camels' milk LTF
considerably increased (P<0.001). Additionally, compared
to OAD milking, milk LPO significantly increased in
Wadha (P<0.001) and Shaele (P<0.05) camels following
TAD milking (Table 1).

TAD milking resulted in a significant (P<0.05) rise
in TNF-a of Majahem camels compared to OAD milking.
However, following TAD milking, there was a
significant (P<0.05) drop in the TNF-o of Shaele camels.
The results showed that Majahem camels' IL-6 was
significantly higher (P<0.001) after TAD milking than it
was after OAD milking. Additionally, following TAD
milking, IL-10 showed a substantial elevation (P<0.05)
in Majahem camels, but a large drop (P<0.001) in Shaele
and Wadha camels compared to the groups after OAD
milking (Table 1).

Comparing to that at age <7 years, it was found that
SCC showed a significant increase (P<0.001) in Majahem
and Shaele camels at age >7 years. However, SCC (P<0.05)
and TPC (P<0.001) showed a significant decrease in
Wadha camels at age >7 years. Enterobacteriaceae was
significantly higher (P<0.001) in Majahem camels at age
>7 years. However, Enterobacteriaceae was significantly
lower (P<0.001) in Wadha camels at age >7 years. TCC
was significantly declined (P<0.05) in Majahem camels at
age >7 years. The results showed that E. coli count was
significantly elevated (P<0.05) in Majahem, Wadha and
Shaele camels at age >7 years (Table 2).

The results showed that serum IgG of Majahem and
Shaele camels at age >7 years was significantly higher
(P<0.05). However, serum IgG of Wadha camels at age >7
years showed significant decline (P<0.05). Serum LPO was
significantly higher (P<0.05) in Shaele camels at age >7
years. Milk 1gG showed significant decline (P<0.01) in
Wadha camels at age >7 years. A significant elevation was
recorded in milk IgG (P<0.05) and LTF (P<0.001) of
Shaele camels at age >7 years. Milk LPO showed a
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Fig. 1: Number of dromedary camels with variability of age, parity, and milking frequency. OAD: once-a-day milking; TAD: twice-a-

day milking.

Fig. 2: Petri dishes showing TPC (A) ENTB (B) Coliform (C) E. coli (D) of camel’s milk.

Table 1: The effect of milking frequency on milk and serum parameters of different camel breeds

Breeds Majahem Wadha Shaele

Milking frequency OAD TAD OAD TAD OAD TAD

SCC (cells/mL) 120.0+25.7 306.7+18.2¢c 292.2+62.8 255.0+10.7a 143.7+118 442.4+50.4c
TPC (cfu/mL) 2.925+0.559  2.229+0.669 2.167+0.525  2.200+0.311 0.307+0.239  3.313+1.420
Enterobacteriaceae (cfu/mL) 0.150+0.018  0.407+0.069a  0.210+0.074  0.330+0.129 0.181+0.121  0.433+0.079b
TCC (cfu/mL) 0.140+0.015 0.310+0.080a  0.100+0.024  0.173+0.073 0.400+0.078  0.533%0.215
E. coli (cfu/mL) 0.710+0.131  0.526+0.198 0.267+0.033  0.300+0.000 0.503+0.192  0.610+0.220
Serum 1gG (pg/mL) 10.06+2.22 9.24+1.51 8.082+0.378  16.78+3.14b 7.158+0.524  14.18+2.08b
Serum LTF (ng/mL) 3.60+1.49 3.499+0.767 2.485+0.822  6.706+0.897c 4545+0.164  5.848+0.960
Serum LPO (pg/mL) 6.309+0.955  6.65+2.05 6.188+0.780  1.735+0.728c 7.66+1.03 15.26+4.00a
Milk 1gG (ug/ mL) 8.303+£1.684 11.267+2.669 6.48+1.23 14.476+0.536c  3.926+0.509  7.267+0.396b
Milk LTF (ng/mL) 4.05+1.44 3.127+0.826 3.323+0.368 1.5176+0.066b  5.99+1.45 15.49+1.32¢
Milk LPO (pg/mL) 8.173+0.909  6.52+1.69 3.108+0.528  8.749+0.346C 8.819+0.815  11.965+0.915a
Milk TNF a (pg/mL) 2.602+0.826  6.481+0.771a  2.850+0.759  4.14+1.15 6.05+1.55 2.608+0.283a
Milk I1L-6 (pg/mL) 1.694+0.429  7.69+2.34c 3.061+0.810  3.765+0.994 2.092+0.654  1.841+0.145
Milk 1L-10 (pg/mL) 15.38+4.94 27.7+3.8a 17.25+2.64 8.04+1.36a 27.21+3.65 8.445+0.736¢

Data (Mean+SE) in the same row within one species, values with a, b and c are significantly different at P<0.05, P<0.01 and P<0.001,
respectively. OAD: once-a-day; TAD: twice-a-day; TPC: total plate count; TCC: total coliform count; cfu: colony forming unit; IgG:
immunoglobulin; LTF: lactoferrin; LPO: lactoperoxidase; SCC: somatic cells count.

significant elevation (P<0.05) in Wadha and Shaele
camels at age >7 years. In this study, the effect of age on
milk cytokines levels of different breed of camels was
determined comparing to their corresponding groups at
age <7 years. The obtained results showed a significant
increase (P<0.001) in TNF-a level of Majahem and
Wadha camels at age >7 years. However, a significant
decline (P<0.01) was recorded in TNF-a level of Shaele
camels at age >7 years. In addition, data revealed a
significant elevation (P<0.05) in the level of IL-6 of
Majahem at age >7 years. In contrast, the level of IL-6
was significantly declined (P<0.05) in Wadha and
Shaele camels at age >7 years. Furthermore, a
significant elevation was recorded in the level of IL-10
(P<0.05) in Majahem camels at age >7 years. However,
IL-10 level was significantly lower (P<0.01) in Shaele
camels at age >7 years.
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In the current study, comparing to that of
corresponding breed at parity <2, SCC showed a significant
increase in Majahem, (P<0.001) Wadha (P<0.05) and
Shaele (P<0.001) camels at parity >2. The results showed
that TPC was significantly higher (P<0.05) in Shaele
camels at parity >2. However, Enterobacteriaceae was
significantly higher (P<0.05) in Majahem and Wadha
camels at parity >2. Moreover, E. coli was significantly
higher (P<0.01) in Wadha (P<0.01) and Shaele (P<0.05)
camels at parity >2.

Serum and milk 1gG, LTF and LPO of different breeds
camels were affected by parity (Table 3). The results
showed that serum 1gG of Wadha camels at parity >2 was
significantly lower (P<0.05). However, serum IgG of
Shaele camels at parity >2 was significantly higher
(P<0.001). In addition, serum LPO was significantly higher
(P<0.05) in Shaele camels at parity >2.



Table 2: The effect of age on milk and serum parameters of different camel breeds
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Breeds Majahem Wadha Shaele

Age <7 >7 <7 >7 <7 >7

SCC (cells/mL) 295.00+£7.72 760.8+229 ¢ 292.1+38.9 218.2+16.9a 615.2+125 1053.1+280c
TPC (cfu/mL) 1.828+0.620 2.11+1.10 0.368+0.175 2.40+0.693 b 1.862+1.021 1.450+0.621
Enterobacteriaceae(cfu/mL) 0.027£0.011 0.413+0.099 c 0.220£0.085 0.053+0.027c¢  0.470+0.065 0.388+0.161
TCC (cfu/mL) 0.333+0.108 0.11840.071a 0.152+0.034 0.115+0.015 0.450+0.085 0.236+0.202
E. coli (cfu/mL) 0.310+0.104 0.61740.100a 0.044+0.014 0.137£0.035b 0.388+0.167 0.610+0.124b
Serum 1gG (pg/mL) 8.356+0.970 11.83+1.81a 11.07+1.83  8.890+0.977a  7.158+0.524 12.49+2.08a
Serum LTF (ng/mL) 3.646+0.767 3.02+1.38 3.761+0.996 4.15+2.26 4.545+0.164 6.57+1.09
Serum LPO (pg/mL) 6.40+1.70 7.18+5.26 4.28+1.10 5.55+1.89 7.66+1.03 15.26+4.00a
Milk 1gG (pg/mL) 9.963+0.667 10.93+1.25 11.37£1.95 6.32+2.16a 3.926+0.509 6.838+0.487a
Milk LTF (ng/mL) 3.152+0.698 4.56+1.57 2.575+0.489 2.663+0.558 5.916+0.843 15.49+4.32c
Milk LPO (pg/mL) 6.64+1.39 8.03+3.08 3.938+0.871 6.81%+2.24a 8.819+0.815 10.88+1.20a
Milk TNF a(pg/mL) 6.806+0.316 14.608+0.560 c  3.24+1.21 11.39+2.48c 6.65+1.44 2.608+0.283b
Milk I1L-6 (pg/mL) 2.302+0.679 5.55+1.33a 4.50+1.70 2.627+0.651a  4.89+2.66 1.523+0.329a
Milk IL-10 (pg/mL) 12.153+1.86 18.76+2.68a 11.09+1.69 15.213+0.393  17.21+3.65 8.445+3.736b

Data (MeanzSE) in the same row within one species, values with a, b and c are significantly different at P<0.05, P<0.01 and P<0.001,
respectively. OAD: once-a-day; TAD: twice-a-day; TPC: total plate count; TCC: total coliform count; cfu: colony forming unit; 1gG:
immunoglobulin; LTF: lactoferrin; LPO: lactoperoxidase; SCC: somatic cells count.

Table 3: The effect of parity milk and serum parameters of different camel breeds

Breeds Majahem Wadha Shaele

Parity <2 >2 <2 >2 <2 >2

SCC (cells/mL) 281.38£7.72  760.1+22.6¢C 215.7416.91 292.1+28.90a 634.8+125  1042.2+280c
TPC (cfu/mL) 1.828+0.620  2.71+1.35 1.157+0.355 2.400+0.693 0.763+0.184 1.450+0.321a
Enterobacteriaceae (cfu/mL) 0.193#0.093  0.413+0.099a  0.062+0.027 0.220+0.085a  0.480+0.090 0.388+0.161
TCC (cfu/mL) 0.418+0.126  0.237+0.081 0.152+0.034  0.060+0.032 0.450+£0.085 0.236+0.202
E. coli (cfu/mL) 0.505+0.100  0.312+0.104 0.061+0.014 0.124+0.035b 0.411+0.167 0.722+0.124a
Serum IgG (pg/mL) 8.356+0.970  10.14+2.60 13.48+2.84  8.890+0.977a  7.158+0.524 14.49+1.24c
Serum LTF(ng/mL) 3.646+0.767  3.02+1.38 3.761+£0.996 4.15+2.26 4.545+0.164 6.57+1.09
Serum LPO(pg/mL) 6.40£1.70 7.18+5.26 4.28+1.10 5.55+1.89 7.23+£1.03 17.03+4.00a
Milk 1gG (png/mL) 9.963+0.667 10.91+1.76 9.74%1.75 9.05+3.86 3.926+0.509 6.357+0.939%
Milk LTF (ng/mL) 3.152+0.698  4.56+1.57 2.575+0.489 2.663+0.558 7.332+0.843 16.27+4.32c
Milk LPO (pg/mL) 5.79+1.24 5.03+2.65 4.57+1.11 3.363+0.998 6.278+0.815 11.965+0.91a
Milk TNF a(pg/mL) 1.625+0.447  4.120+0.652b 2.927+0.917 3.84+1.27 3.019+0.443 6.10+1.42a
Milk IL-6 (pg/mL) 2.128+0.679  5.72+1.33b 2.829+0.523 2.427 +0.628 4.89+2.66 6.86+5.57
Milk IL-10 (pg/mL) 18.530+1.868 24.43+2.87a 11.27+1.69  18.111+2.393a 25.01+3.65 10.52+2.736b

Data (Mean+SE) in the same row within one species, values with a, b and c are significantly different at P<0.05, P<0.01 and P<0.001,
respectively. OAD: once-a-day; TAD: twice-a-day; TPC: total plate count; TCC: total coliform count; cfu: colony forming unit; IgG:

immunoglobulin; LTF: lactoferrin; LPO: lactoperoxidase; SCC: somatic cells count.

Comparing to group at parity <2, milk 1gG showed a
significant decline (P<0.05) in Shaele camels at parity >2.
Furthermore, a significant elevation was recorded in milk
LTF (P<0.001) and LPO (P<0.05) of Shaele camels at
parity >2.

In this study, the effect of parity >2 comparing to
corresponding camels at parity <2 on milk cytokines in the
different breeds of camels was determined. The obtained
results showed a significant increase in TNF-a level in
Majahem (P<0.01) and Shaele (P<0.05) camel at parity >2.
A significant elevation (P<0.01) in IL-6 level was recorded
in Majahem camels at parity >2. Furthermore, IL-10
recorded a significant elevation in Majahem, Wadha
(P<0.05) and Shaele (P<0.01) camels at parity >2 (Table 3).

DISCUSSION

This study examined the effects of age, parity, and
frequency of milking on eleven milk parameters and three
blood parameters of different camel breeds. In order to
determine the probability of forming SCM, we employed
SCC and bacteriological analysis of milk. Afterwards,
more SCM indications were looked into. The findings
indicated that after TAD milking and at age >7 years, SCC
showed a substantial increase in Majahem and Shaele

camels and a significant drop in Wadha camels compared
to that after OAD milking and at age <7 years. SCC showed
a statistically significant increase when all camel breeds at
parity >2 were compared to those at parity less than 2. It
was observed that the three elements primarily affected the
Majahem and Shaele breeds. Furthermore, the sole element
that affected Wadha camels was parity. The SCC test has
been demonstrated to be valid and reliable for diagnosing
SCM in dromedary camels since it is widely used as a
measure of udder health and milk quality (Qayyum et al.
2026; Jadhav et al. 2018; Aljumaah et al. 2019; Sumon et
al. 2020 and Mohamed et al. 2022). According to Seligsohn
et al. (2020), milk bacterial screening is the most reliable
method for diagnosing SCM.

Results showed that Enterobacteriaceae was
significantly higher in Majahem and Shaele camels after
TAD milking. TCC and Enterobacteriaceae were
significantly higher in Majahem camels after TAD milking
and at age >7 years. However, Enterobacteriaceae was
significantly lower in Wadha camels at age >7 years. In
addition, the results showed that E. coli count was
significantly elevated in Majahem, Wadha and Shaele
camels at age >7 years more than their corresponding at the
age <7 years. The results also showed that TPC was
significantly higher in Shaele camels at parity >2 comparing
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to that at parity <2. However, Enterobacteriaceae was
significantly higher in Majahem and Wadha camels at
parity >2 more than their corresponding groups at parity
<2. Moreover, E. coli was significantly higher in Wadha
and Shaele camels at parity >2. It was observed that Wadha
camels were most impacted by the three elements, followed
by Majahem and Shaele breeds. Overall, the study showed
that camel milk samples obtained from the udder under
several circumstances contained Enterobacteriaceae in
Majahem, TPC in Shaele, and E. coli in the three breeds.
Different sites got the mean TPC reading of milk samples
from the analyzed breeds (Abera et al. 2016 and Bashir and
Ahmed 2018 and Hassen and Amentie 2022). These
discrepancies may result from various herd health
management strategies used at farms, udder health, and
other locations. Therefore, hygienic measures will need to
be implemented in Majahem and Shaele in order to
improve the quality and acceptability of camel milk for its
intended usage. It is crucial to have knowledge about the
microbiological purity of camel milk. This is due to the
possibility that developmental organizations should pay
attention to such information. Unfortunately, there is
currently a lack of reliable information regarding the
microbiological quality of milk from different camel
breeds that considers the three parameters under
investigation. The results from earlier reports (De Matteis
et al. 2020; Alhussien et al. 2021 and Alhafiz et al. 2022)
regarding the efficacy of bacteriological examination and
SCC as diagnostic tools for monitoring mammary gland
infections in camels were confirmed by the elevated SCC
and bacteriological parameters in the current study.
Furthermore, the immune system differences among the
three breeds under study may be the cause of this
discrepancy. The system and milk immunological
characteristics were investigated to address these problems.
Serum IgG, LTF and LPO of different camel breeds were
affected by the milking frequency. The only change
obtained in Majahem that at age >7 years showed that
serum 1gG was significantly higher than their corresponding
groups at age<7 years that reflect the tendency of SCM
characteristic of increased SCC and bacteriological
examination. IgG is a part of the immune system that has
several biological functions, including antibacterial and
anti- inflammatory qualities (Dashe et al. 2020). According
to Thorsteinsdottir et al. (2019), acute inflammation may
cause the mammary gland's blood-to-milk permeability
barriers to be destroyed, which increases the passive transfer
of IgG into milk and causes an increase in 1gG output.

The results of the current investigation demonstrated
that the serum IgG of the Wadha and Shaele camels was
considerably higher after TAD milking than it was after
OAD milking. The obtained findings at an age greater than
7 years indicated that the Majahem and Shaele camels'
blood 1gG levels were significantly higher than those of
their comparable groups at age less than 7 years. Serum
IgG of Shaele camels at parity >2 was significantly higher
comparing to that at parity <2. As far as we are aware, no
studies have looked at IgG levels in different breeds of
dromedary camels. The IgG levels in milk samples from
the two different species of camels; Camelus bactrianus
and Camelus dromedarius as well as their hybrids,
however, did not differ significantly, according to Pou et
al. (2019).
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LTF is an effective iron scavenger and one of
numerous molecules released by the immune system that
bind transient metals to prevent bacterial infections. Iron is
required for several essential biological processes,
including DNA and ATP synthesis (Betelhem et al. 2022).
Milk contains LTF, a naturally occurring, multifunctional
glycoprotein that binds iron and is mostly produced by
mammary epithelial cells (Shimazaki and Kawai 2017).
The main immune system is strengthened and unwanted
microbial growth in the gastrointestinal tract is prevented
by camel milk LTF (Mohammadabadi and Husain 2021).

LTF is found in animal fluids like milk, saliva, tears,
and semen, as well as in certain leukocytes (Asfour et al.
2022). It has been demonstrated that LTF helps control
invasive viruses, fungi, bacteria, and parasites (Dierick et
al. 2021). There hasn't been any research done on how
different dromedary camel breeds' serum and milk LTF
concentrations differ from one another.

As a result, following TAD milking, serum LTF was
considerably greater in Wadha camels in the current study
that had a low inclination to SCM. However, milk LTF in
Wadha camels drastically decreased following TAD
milking. In contrast, milk LTF from Shaele camels
exhibited a considerable rise following TAD milking.
Nevertheless, when LTF concentrations were examined in
milk samples from Bactrian, Dromedary, and their hybrids,
it was discovered that the season, not the species,
determined LTF concentrations in milk (Pou et al. 2019).

These results are parallel with other studies that
discovered that dromedary camel LTF concentrations were
quite varied (Rainard 1993). Another study found that the
antibacterial enzyme activity of individual camels varied
widely, and their summertime milk had larger levels of
lactotransferrin and other bioactive proteins (Salhi et al.
2015). Furthermore, LTF possesses potent antiviral and
antifungal properties to provide further protection against
infections (Habib et al. 2021). Based on the current results,
LTF, like in ovine species, may be a good predictor of SCM
in Shaele camels (Schukken et al. 2003).

LPO is a non-immunoglobulin protective glycoprotein
that is present in milk and other human and animal fluids
(Hao et al. 2019). It is believed that the LPO plays a crucial
role in the host's innate defense system (Hayajneh 2018).
The LPO can affect both Gram-positive and Gram-negative
bacteria to varying degrees, and antiviral effects have also
been observed (Hu et al. 2020). Activation of LPO has been
studied to preserve milk safety by eliminating hazardous
microbes (Khan et al. 2022).

In the present study, milk LPO showed a significant
elevation in Wadha and Shaele camels after TAD milking
compared to that after OAD milking. Serum LPO was
significantly higher in Shaele camels at age >7 years
comparing to that at age >7 years. In addition, serum LPO
was significantly higher in Shaele camels at parity >2
comparing to camels at parity <2. The results of a recent
investigation in cattle that examined milk samples from
healthy and mastitis-affected animals found that there was
a direct and positive link between LPO levels and the
number of somatic cells, which supports the findings of the
present study (Shao et al. 2018). LPO has been suggested
as a potential biomarker for the diagnosis of SCM in cattle
in recent years (Silva et al. 2022). There was no significant
change by the three factors in Magahim milk IgG, LTF, and



LPO. Following TAD milking, Wadha and Shaele camels
exhibited a notable increase in milk IgG and LPO levels.
On the other hand, following TAD milking, milk LTF in
Shaele camels was much higher. The acquired results
demonstrated that the Shaele camels' serum levels of 1gG
and LPO were significantly greater than those of the
equivalent groups.

The release of cytokines, which varies in milk in
response to pathological or physiological changes, is an
excellent indicator of the health of the udder (Akhtar et al.
2020; Vitenberga-Verza et al. 2022). Two measured Thl
cytokines that are essential for starting the innate immune
system's response against intramammary infection are
TNF-a and IL-6. Consequently, these cytokines have been
shown to be markedly elevated in both clinical and SCM
infections of the mammary glands (Akhtar et al. 2020;
Serdal et al. 2021). Th2 (IL-10) is another cytokine found
in milk that is known to protect host tissues from infections,
restrict the immune response, prevent the creation of Thl
cytokines, and prevent T cell activation and effector
functions (Serstnova et al. 2022). In this study, the impact
of studied factors including a significant increase in TNF-
a, IL-6 and IL-10 of Majahem camels after TAD milking.
However, a significant decrease was recorded in TNF-ao of
Shaele camels and IL-10 of Wadha and Shaele camels after
TAD milking. Expression of Thl cytokines such as TNF-a
and 11-6 has been shown to be upregulated in bovine
mastitis (Akhtar et al. 2020). However, the milk contents
of bioactive molecules including Thl cytokines can be
influenced by several factors including diets, environment,
and exposure to infectious diseases. The obtained results
showed a significant increase in TNF-a level of Majahem
and Wadha camels and elevation of IL-6 of Majahem at age
>7 years. In contrast, the level of IL-6 was significantly
declined in Wadha and Shaele camels at age >7 years.
Furthermore, a significant elevation was recorded in the
level of IL-10 in Majahem camels at age >7 years.
However, IL-10 level was significantly lower in Shaele
camels at age >7 years. The obtained results showed a
significant increase in TNF-a level in Majahem and Shaele
camels at parity >2. A significant elevation in IL-6 level
was recorded in Majahem camels at parity >2 comparing to
that at parity <2. Furthermore, IL-10 recorded a significant
elevation in Majahem, Wadha and Shaele camels at parity
>2. This investigation effectively induced a systemic innate
immune response in Majahem and Shaele due to the
notable rise in SCC and bacterial proliferation. This result
was indicated by the notable rise in Thl cytokine (TNF-a,
IL-6) concentrations. Thl cytokine increase has been seen
in dromedaries with inflammatory and bacterial illnesses
(Hussen and Schuberth 2021), as well as in clinical and
SCM conditions in dairy cows and ewes (Katsafadou et al.
2019; Akhtar et al. 2020; Ji et al. 2020; Sadat et al. 2023).
On the other hand, IL-10 inhibits the inflammatory immune
response by preventing it from being overly exaggerated
(Shaheen et al. 2020; Takashima et al. 2021).

Conclusion

Documented information on the microbiology, SCC,
and immune parameters of milk camel breeds is crucial for
governmental, nongovernmental and developmental
organizations to focus on hygienic practices for safe milk
production and handling. The study reveals that there is
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limited information on indicators of detrimental mastitis
SCM in camel milk from different breeds. However,
elevated SCC, microorganism presence, and altered milk
indicators can be observed. Early detection is crucial for
dairy farmers and veterinarians to ensure animal health and
milk quality. Considering the limited numbers of herds
sampled in this study, our findings regarding herd
management and risk factors, the feasibility and efficiency
of different interventions should be studied in low-
prevalence herds, in comparison with high-prevalence
herds. The discussion of these new risk factors opens the
way to a sequence of new studies aiming to improve the
performance of SCM detection.
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