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Introduction

The dromedary camel (Camelus dromedarius) is 
of great importance to nomadic and rural com-
munities mainly in the arid regions of Africa, the 

Middle East and the Indian sub-continent. It provides 
high quality animal protein in the form of milk and meat 
and as a mean of transportation and work. Over the past 
few decades the camel has gained popularity and impor-
tance as a racing animal in the Arabian Gulf region. The 
camel is well suited to harsh environments character-

خصائص كيمياء الدم في إبل السباق وحيدة السنام في سلطنة عمان 
ياسمين الحاج الطاهر وحسن محمد علي وبدر الدين هجو وعثمان محجوب

Abstract. Blood samples were collected from thirty, 2-year old female Arabian camels from the eastern region of 
Oman. Camels were managed in the traditional way in the Arabian Gulf region, primarily fed fresh alfalfa and barley 
grain. Blood was drawn into serum vaccutainers from jugular venipuncture. Serum samples were analyzed by spec-
trophotometric analysis using a CX7/CX7 serum chemistry analyzer (Synchron, Beckman). Means, standard devi-
ations and minimum and maximum values were calculated using Excel spreadsheets on Microsoft Office 2007. The 
SAS (2000) package was used to produce coefficient of determination (R2) between the eight serum mineral values. 
The following mean values ± standard deviation were recorded: glucose: 92.8±19.2 mg/dL;  total protein (TP): 6.17 ± 
0.34 g/dL; albumin: 32.21 ± 9.933 mg/dL;  blood urea nitrogen (BUN): 15.48 ± 4.49 mg/dL;  creatinine:  1.64 ± 0.238 
mg/dL;  uric acid: 0.28 ± 0.041 mg/dL; total globulins (TG): 0.28 ± 0.041 mg/dL;  cholesterol:  40.52 ± 13.225 mg/dL; 
total bilirubin: 0.34±0.124 mg/dL; alkaline phosphatase (ALP): 113.9±29.75 (IU/L); aspartate aminotransferase (AST): 
88.8±70.03 (IU/L); alanine aminotransferase (ALT): 13.3±5.97 (IU/L); Gamma-Glutamyl Transpeptidase (GGT): 
21.3±10.18 (IU/L); lactate dehydrogenase (LD); 419.9±160.38 (IU/L); Creatine kinase (CK): 46.3±16.2 (IU/L); sodium 
(Na): 144.5±5.80 mmol/L; potassium (K):  4.23±0.42 mmol/L;  calcium (Ca):  9.63±0.43; phosphorus (P):  9.56?±0.76 
mg/dL; iron (Fe): 107.8±25.54 µg/dl; copper (Cu): 72.5±8.08 µg/dl; chlorine (Cl): 113.0±4.52 mmol/L.  Findings of the 
current study provide baseline values that may be used by clinicians for racing camels in Oman. There were some signif-
icant correlations especially between macro minerals (Na, Ca, K, and P) that may be used to estimate their values with 
less cost by reducing the number of elements to be analyzed.

Keywords:  Omani Camels; blood profile; serum minerals; trace elements.

المســتخلص: تم جمــع عينــات دم مــن 32 ناقــة عربيــة عمرهــا حــوالي ســنتين مــن المنطقــة الشــرقية مــن ســلطنة  عمــان. تمــت تربيــة هــذه الإبــل علــى الطريقــة 
التقليديــة لإبــل الســباق في منطقــة الخليــج العــربي حيــث تمــت تغذيتهــا علــى البرســيم الأخضــر وحبــوب الشــعير. تم جمــع عينــات الــدم في أنابيــب جمــع 
المصــل ذاتيــة الســحب مــن الوريــد الودجــي. وتم تحليــل العينــات بطريقــة التحليــل الطيفــي باســتخدام جهــاز تحليــل مصــل الــدم )ســينكرون بيكمــان(. تم 
حســاب متوســط القيــم والانحــراف المعيــاري والقيــم الدنيــا والعظمــى باســتخدام برنامــج أكســل علــى الحاســوب في نظــام ميكروســوفت أوفيــس )2007(. 
تم اســتخدام برنامــج ســاس )2000( لإيجــاد معــدل التبايــن بــن ثمانيــة مــن قيــم تركيــز المعــادن في الــدم. تم الحصــول علــى المتوســطات التاليــة ± الانحــراف 
المعيــاري:  الجلوكــوز )mg/dL 19.2±92.8( و البروتــن الكامــل )g/dL 0.34 ± 6.17( والــزلال )mg/dL 9.933 ± 32.21( والنيتروجــن 
 )mg/dL 0.041 ± 0.28( اليوريــك والكرياتينــن )mg/dL 0.238 ± 1.64( وحمــض   )mg/dL 4.49 ± 15.48( الــدم واليوريــا في 
الكامــل )0.124±0.34  والبيليروبــن   )mg/dL 13.225 ± 40.52( والكوليســرول  )mg/dL 0.041 ± 0.28( الكامــل والغلوبيولــن 
mg/dL( والألكالايــن فوســفاتيز )IU/L 29.75±113.9( والأســبارتيت أمينوترانســفيريز )IU/L 70.03±88.8( والألانــن أمينوترانســفيريز 
 )IU/L( 160.38±419.9( واللاكتيــت ديهادروجينيــز )IU/L 10.18±21.3( ترانســبيبتيديز والغامــا غلوتاميــل   )IU/L 5.97±13.3(
والكرياتينــن كاينيــز )IU/L 16.2±46.3( والصوديــوم )mmol/L 5.80±144.5( والبوتاســيوم )mmol/L 0.42±4.23( والكالســيوم 
)9.63±0.43( والفوســفور )mg/dL 0.76±9.56( والحديــد )µg/dL 25.54±107.8( والنحــاس )µg/dL 8.08±72.5( والكلوريــن 
)mmol/L 4.52±113.0(. يمكــن لنتائــج هــذه الدراســة أن توفــر قيمــاً أساســية لخصائــص مصــل الــدم في الإبــل يمكــن أن تكــون ذات فائــدة 
للأطبــاء البيطريــن المعالجــن في مجــال إبــل الســباق في ســلطنة عمــان. وكان هنــاك بعــض الارتباطــات المهمــة بــن القيــم المختلفــة خاصــة بــن المعــادن الكبــرة 
)الصوديــوم والكالســيوم والبوتاســيوم والفوســفور( ممــا يمكــن مــن اســتخدامها لتقديــر قيــم هــذه المعــادن لتخفيــض تكلفــة تحليــل العينــات بتخفيــض عــدد 

المعــادن الــي يجــب تحليلهــا. 
الكلمات المفتاحية: الإبل العمانية ، خصائص الدم ، معادن مصل الدم ، العناصر الدقيفة
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ized by scarcity of water and vegetation as well as high 
ambient temperatures and rough terrain. This is because 
of its unique anatomical and physiological adaptations 
to such environments. 

There are about 250,000 camels in the Sultanate of 
Oman (FAOSTAT, 2014) with the highest population 
in the southern part of the country (Dhofar) followed 
by the Al-Sharqiyah (Eastern) and Dhahirah regions 
(OMAF, 2012). Camels in the eastern region of Oman 
are mainly kept for racing. Good racing camels can be 
worth hundreds of thousands of dollars in the Arabian 
Gulf camel markets and  great care is taken in raising 
and training these camels the traditional way. This in-
cludes a diet of green alfalfa, barley grain and sometimes 
honey, gee, milk and even eggs.

Biochemical values are useful for evaluating health 
status in animals including camels although in the lat-
ter species, some traits such as minerals homeostasis is 
very efficient and lead to a relatively constant levels irre-
spective of intake. However, published information on 
these parameters in camel shows a wide range of values 
which could be attributed to differences in breed, age, 
sex and sampling or analytical methods (Mohamed and 
Hussein, 1999). The metabolic profile of camels is affect-
ed by season, mineral supplementation and health status 
(Faye et al., 1995). Due to variations in haematological 
and biochemical parameters resulting from variations in 
these factors each laboratory is advised to establish what 
should be considered normal values for racing camels 
in their own region (Mohamed and Hussein, 1999). Se-
rum mineral levels are also affected by degree of hydra-
tion which is variable in camels raised under traditional 
range grazing systems (Ayoub and Saleh, 1998). Howev-
er, this may not apply to racing camels as they are typi-
cally well looked after and not deprived of water or feed.

Macro and micro minerals are essential elements for 
animal functioning and health. Trace elements such as 
Co, Se, Cu, Zn and Fe are integral components of some 
enzymes and other important constituents of biological-
ly active compounds. There are some published reports 
on biochemical values in camels. These include animal 
blood serum mineral values from Sudan (Abu Damir et 
al., 2008; Ahmed et al., 2003; Mohamed, 2004), Saudi 
Arabia (Al-Busadah, 2007; Al-Shami, 2009; Osman and 
Al-Busadah, 2003; ), Kuwait (Mohamed and Hussein, 
1999), United Arab Emirates (Faye et al., 2008; Wernery 
et al., 1999), Iran (Badiei et al., 2006; Mohri et al, 2008), 
Pakistan (Zia-ur-Rahman et al, 2007), Nigeria (Moham-
med et al., 2007), Kenya (Kuria et al., 2006) and even 
Europe (Faye et al., 1995). There are also some reports 
on the serum mineral values in the Bactrian camel (Wer-
nery et al., 1999; Zongping, 2003). 

Camel racing is a demanding process with animals 
being kept on strict diet and strenuous exercise prior 
to races and running for up to 10 km distances in some 
races. Certain post-race haematological and biochemi-
cal changes occur but return to pre-racing levels after a 

period of rest (Mohamed and Hussein, 1999).
There is a however, scarcity of information on Omani 

camel serum biochemical profile . El Tahir et al. (2010) 
reported some serum mineral values of Omani female 
racing camels. Therefore, this investigation has been 
carried out to provide basic reference levels of select-
ed serum biochemistry parameters for clinicians and 
researchers working with the dromedary camels in the 
Sultanate of Oman.

Materials and methods

Animals and sampling
Blood samples were collected from thirty female, 2-year 
Omani Arabian camels (Camelus dromedarius). The 
age of the animals was determined by asking owners 
and examining the dentition. The camels were raised in 
Al-Sharqiyah (Eastern) region of Oman around Al-Mud-
haibi in the style adopted by most racing camel owners 
in the Gulf region. They were fed approximately three 
kilograms of alfalfa plus one kilogram of soaked barley 
in the morning and three kilograms of alfalfa plus 2 ki-
lograms of soaked barley in the evening (as fed). They 
were offered approximately 20 liters of water daily. All 
animals were tested for trypanosomiasis using buffy 
coat test and internal parasites using faecal egg counts. 

Serum analytical methodology
Eight milliliter blood samples were drawn into plain 
vaccutainers tubes from jugular venipuncture. Samples 
were centrifuged at 300 rpm for 5 min to separate the 
serum which was subsequently transported in a cool 
box to the laboratory at Sultan Qaboos University where 
they were stored at -20 ºC until analysis. 

Serum samples were analyzed in the Camel Breeding 
Unit of the Diwan Royal Affairs, Sultanate of Oman for 
glucose;  total protein (TP), albumin,  blood urea nitro-
gen (BUN), creatinine, uric acid, total globulins (TG),  
cholesterol, total bilirubin, alkaline phosphatase (ALP), 
aspartate aminotransferase (AST), alanine aminotrans-
ferase (ALT),  gamma-glutamyl transpeptidase (GGT), 
lactate dehydrogenase (LD), creatine kinase (CK), sodi-
um (Na), potassium (K),  calcium (Ca), phosphorus (P), 
iron (Fe), copper (Cu) and chlorine (Cl). All analyses 
were carried out by spectrophotometric analysis using 
a CX7/CX7 serum chemistry analyzer (Synchron, Beck-
man).

Statistical analyses
Means, standard deviations and minimum and max-
imum values were calculated using Excel spreadsheets 
on Microsoft Office 2007. The SAS (2000) package was 
used to produce Pearson coefficient of correlations (R) 
between the eight serum mineral values. Excel spread-
sheets on Microsoft Office 2007 were used to calculate 
regression lines between Na and other macrominerals ( 
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polynomial).
 

Results and discussion
General health
General health  of experimental animals appeared to 
be excellent by the standards of racing camels in the 
Gulf region. They were well groomed and well looked 
after. Racing camel owners in the Arabian Gulf region 
are known to care for the health and body condition of 
their animals. All animals tested negative for trypano-
somiasis (buffy coat test). Trypanosomiasis (Surra dis-
ease) is widely spread among camels in the region and 
usually has a negative impact on their performance and 
blood profile. For instance Ahmadi-hamedani et al. 
(2014) reported that serum analyses of camels heavily 
infected with Trypanosoma evansi indicated anemia, 
leukocytosis, hyperproteinemia, hypoalbuminemia, hy-
perglobulinemia, reduction A/G ratio, increased α1 and 
β globulins and decreased α2 globulins and increased 
concentration of gamma-glutamyl transferase enzyme 

compared to non-infected camels. Faecal sample analy-
ses (egg counts) showed no significant internal parasites 
infestation. The animals had been dewormed by Alben-
dazole 2500 mg/animal by owners. 

Serum chemistry profiles
Several serum profiles had been measured in experi-
mental animals and are grouped as: glucose, protein 
(albumin, total globulin and total protein), BUN, kidney 
function parameters (creatinine and uric acid), choles-
terol, total bilirubin, liver enzymes (ALP, AST, GGT, LD, 
and CK), Co2, and minerals (Na, Ca, K, Po4, Fe, Cu, Cl,). 
Range, mean and standard deviation values are present-
ed in Table 1. Correlation within these groups was stud-
ied (Tables 2-4). The standard deviation indicates the 
degree of variation in these parameters. Wide variations 
in metabolic parameters exist in published literature 
and were mainly attributed to variability in nutritional 
regimes, mineral supplementation, season and presence 
of disease (Faye et al., 1995). These authors distributed 
camels to four groups as follows: (1) class with low pro-
tein, high minerals and high GGT; (2) class with low Cu 

Table 1. Means, standard deviations, maximum and minimum values of serum biochemistry parameters in female Omani 
racing camels; n is the number of observations used for each parameter .

Parameter n Mean  (SD) Min. Max.
Glucose (mg/dL) 29 92.8 19.23 56.0 158.0

Albumin (g/dL) 28 2.8 0.17 2.50 3.10

TG (mg/dL) 29 32.2 9.93 11.0 66.0

Total protein (g/dL)                         29 6.2 0.34 5.5 6.8

Uric acid (mg/dL) 29 0.3 0.04 0.2 0.3

Creatinine (mg/dL) 27 1.6 0.24 1.3 2.2

BUN (mg/dL) 27 15.5 4.49 8.0 26.0

Cholesterol (mg/dL) 29 40.5 13.23 4.0 77.0

Total bilirubin (mg/dL) 29 0.3 0.12 0.1 0.6

Enzymes
  ALP (IU/L) 29 113.9 29.75 50.0 187.0

  AST (IU/L) 29 88.8 70.03 57.0 374.0

  ALT (IU/L) 29 13.3 5.97 9.0 37.0

  GGT (IU/L) 29 21.3 10.181 13.0 64.0

  LD (IU/L) 28 419.9 160.38 303.0 971.0

  CK (IU/L) 29 46.3 16.18 29.0 107.0

Minerals
  Fe (µg/dl)                           29 107.8 25.54 56.0 158.0

  Cu (µg/dl)                           29 72.5 8.08 54.0 89.0

  Ca (mg/dl) 29 9.6 0.48 8.70 10.3

  Po4 (mg/dl) 29 9.6 0.76 5.0 8.5

  K (mmol/l) 29 4.2 0.42 6.5 5.0

  Cl  (mmol/l) 29 113.1 4.52 105.4 127.2

  Na (mmol/l) 29 144.5 5.80 132.3 160.5

  Na/K 29 28.1 2.86 21.2 33.9

  CO2 (mmol/l) 29 18.3 1.65 13.9 22.3
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and cerulplasmin; (3) class with high mineral values and 
protein indicators; and (4) class with intermediate val-
ues.

Glucose
The blood glucose level or concentration is the amount 
of glucose in the animal’s blood which is the primary 
source of energy for the body’s cells besides blood lip-
ids. The animal’s body naturally tightly regulates blood 
glucose levels as a part of metabolic homeostasis. Glu-
cose is transported from the intestines or liver to body 
cells via the bloodstream, and is made available for cell 
absorption via the hormone insulin. Monitoring blood 
glucose levels is very essential to determine animal 
health particularly in racing camels which have a strict 
diet regime and usually go through rigorous training and 
competition.

The glucose levels in Omani camel serum ranged be-
tween 56 and 158 mg·dL-1  with a mean of 92.8±19.23 
mg·dL-1 (Table 1). This is an equivalent of 5.14 mmol.
These levels are within the range reported for normal 
values in 2-12 year old Arabian camels (76-129 mg·dL-1) 
by Wernery et al. (1999) and indoor (130.2 mg·dL-1) 
and free grazing (105 mg·dL-1) Saudi camels (Al-Sha-
mi, 2009). That was also well within the range reported 
for camels of various ages and breeds (Yadav and Bissa, 
1998). The latter authors observed that blood glucose 
levels varied widely over a range of 27.6-214.4 mg·dL-1. 
Glucose levels in camel blood are reported to be gen-
erally higher than in those of ruminants (Bhatia, 1986). 

Blood glucose levels in camels are affected by a vari-
ety of factors. Glucose levels in camels are strongly af-
fected by age with levels decreasing with advanced age 
(Roussel et al., 1982; Elias and Yagil, 1984) and by season 
(Mehrotra and Gupta, 1989) with wet season samples 
having higher glucose levels than dry season ones (Mo-
hammed et al., 2007). Indoor raised camels had higher 
serum glucose levels than free grazing camels (Al-Sha-
mi, 2009). This is mainly attributed to the better level of 
nutrition in the former group, which was fed a concen-
trate diet plus hay. Glucose levels were much higher in 

Saudi camels (134.4 mg·dL-1) than cattle (49.0 mg·dL-1) 
or sheep (65.0 mg·dL-1) raised under similar conditions 
(Osman and Al-Busadah, 2003).

The levels of glucose in Omani racing camels falls 
within those of camels reported from different regions 
of the world indicating that they were healthy and not 
affected by type of nutrition or rigorous exercise.

Total serum protein
Serum total protein is made up mainly of albumin and 
globulin. The total protein test is a faster and cheaper 
biochemical test for measuring the total amount of pro-
tein in serum. Low concentrations below the reference 
range usually reflect low albumin concentration such as 
in the cases of liver disease or acute infection whereas 
high levels are observed in conditions causing an in-
crease in immunoglobulins or during dehydration.

The mean TP in Omani camels (Table 1) was 
6.17  mg·dL-1 (range of 5.5-6.8 ± 0.34 mg·dL-1 which 
are within range reported for normal values in 2-12 
year old Arabian camels (6.0-7.8 mg·dL-1) by Wernery 
et al. (1999) and the range reported by Yadav and Bis-
sa, (1998) for camels of various sexes, breeds and ages. 
Faye et al. (1995) reported a range equivalent of 5.13-
8.66 mg·dL‑1for female camels raised in France. Mean 
value of TP in Egyptian camels was 7.60 ± 0.25 mg·dL‑1 

(Seleim et al., 2003) and was 5.3-7.5 mg·dL‑1 in Nige-
rian camels (Mohammed et al., 2007). The values are 
also comparable to those of Saudi camels (range of 4.9-
10.2 mg·dL‑1) reported by Al-Busadah (2007) and Suda-
nese camels 7.0 mg·dL‑1 reported by Omer et al. (2008). 
However, the value in the current study was lower than 
that reported for Indian camels of similar age (Yadav and 
Bissa, 1998). 

Yadav and Bissa, (1998) reported that total serum 
protein content may be influenced by age, sex, preg-
nancy, rut or disease. TP was higher in serum of male 
camels during the rutting season than in the non-breed-
ing season (Koudier et al., 1988) and Mohammed et al. 
(2007) reported that female camels had higher levels 
than males. Osman and Al-Busadah (2003) reported 

Table 2. Coefficients of determination (R2) and their significance between some serum biochemistry parameters in Omani 
racing camels.

BUN CREA TP ALB GLU TG CHOL TBIL
BUN 1 0.51** -0.06 -0.20 -0.12 0.15 0.33 -0.46*

CREA 0.51** 1 0.21 0.03 -0.03 0.48* 0.27 -0.08

TP -0.06 0.21 1 0.84*** 0.40* 0.029 0.34 0.40*

ALB -0.20 0.03 0.84*** 1 0.53** -0.23 0.38* 0.27

GLU -0.12 -0.03 0.40* 0.53** 1 -0.57** -0.00 -0.03

TG 0.15 0.48* 0.03 -0.23 -0.57** 1 0.02 0.14

CHOL 0.3301 0.26953 0.33732 0.37598 -0.00055 0.01791 1 723

TBIL -0.46* -0.08 0.40 0.27 -0.03 0.14 0.01 1

*: p<0.05; **; p<0.01; ***; p<0.001
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comparable values in Saudi camels (7.1 mg·dL‑1) which 
were lower than in cattle (8.2 mg·dL‑1) but comparable 
to sheep (6.9 mg·dL‑1).

Total protein levels recorded in the present study in-
dicate normal levels of healthy and normally hydrated 
animals.

Albumin
Blood serum albumin, is the most abundant protein dis-
solved in animal blood plasma. It is a globular protein 
produced by the liver and is essential for maintaining the 
osmotic pressure needed for proper distribution of body 
fluids between blood vessels and body tissues.  Albumin 
in the urine usually denotes the presence of kidney dis-
ease. 

The mean value of albumin in Omani racing camels 
was 2.80 ± 0.167 mg·dL‑1 with a range of 2.5-3.1 mg·dL‑1 
(Table 1). These are well within range reported for normal 
values in 2-12 year old Arabian camels (2.8-5.6 mg·dL‑1) 
by Wernery et al. (1999); Nigerian (23-40 g/l, equiva-
lent for 2.3-4.0 mg·dL‑1; Mohammed et al., 2007) and 
Saudi camels which ranged between 3.1-6.2  mg·dL‑1 
(Al-Busadah, 2007). Comparable level (3.3  mg·dL‑1) 
was reported for Egyptian camels (Seleim et al., 2003) 
and 22.3-46.3 g/l (equivalent for 2.23-4.63  mg·dL‑1) for 
French female camels (Faye et al., 1995). Similar levels 
(3.3 mg·dL‑1) were reported in Sudanese camels (Omer 
et al., 2008). 

Sarwar et al. (1992) reported that albumin levels 
in camels are higher than those in ruminant animals. 
However, Osman and Al-Busadah (2003) reported 
comparable values in Saudi camels (3.7 mg·dL‑1), cattle 
(4.5 mg·dL‑1) and sheep (3.5 mg·dL‑1) raised under simi-
lar conditions. Sex effects on albumin had been reported 
with females having higher levels of albumin than males 
(Mohammed et al., 2007). Therefore, albumin levels in 
Omani racing camels in the present study indicate nor-
mal healthy animals. These values may be used as guid-
ing reference for professionals in the field.

Total globulin (TG)
Globulins are insoluble proteins in water or highly con-
centrated salt solutions but soluble in moderately con-
centrated salt solutions. The plasma globulins can be 
separated into five fractions by serum protein electro-
phoresis. These fractions are the alpha1, alpha2, beta1 
and beta2 globulins, and the gamma globulins. The glob-
ulins are involved in the inflammatory process, clotting 
factors, complement components and immunoglobu-
lins.

The mean value of TG in Omani racing camels 
was 3.22 ± 0.99 mg·dL‑1 with a wide range of 1.10-
6.60 mg·dL‑1 (Table 1). TG in Indian camels ranged 
between 3.16 3.56 (Patodkar et al. (2010). TG in Saudi 
camels of various breeds and sexes (Al-Busadah, 2007) 
ranged between 1.5-5.4 mg·dL‑1). Levels of 4.32 g/l were 
reported for Egyptian camels (Seleim et al., 2003) and 

21.5-49.9 g/l (2.15-4.99 mg·dL‑1) were reported for 
French female camels (Faye et al., 1995).

Levels of globulins in Omani racing camels were con-
sistent with those of total proteins and albumins indicat-
ing healthy animals. Values may be used as reference for 
racing camels in Oman.

Blood urea nitrogen (BUN)
BUN is a test for urea nitrogen in the animal’s blood 

which is formed when protein breaks down. BUN levels 
higher than normal may indicate excessive protein in the 
GI tract, dehydration, kidney failure or diseases, shock 
or urinary tract obstruction. Lower-than-normal levels 
may indicate: liver failure, low protein diet, malnutrition 
or over-hydration. Racing camels reared in a very strict 
way may be exposed to some of these conditions.

The mean BUN in Omani racing camels was 15.48 
± 4.49 mg·dL‑1 (5.51 mmol) with a wide range of 
8-26 mg·dL‑1(Table 1). These figures are comparable 
to those of 15.4±4.52 mg·dL‑1 reported by Mohamed 
and Hussein (1999) in Kuwaiti racing camels. Reports 
on BUN values in the literature vary a lot. The range of 
normal values in 2-12 year old Arabian camels in UAE 
was 10-17 mg·dL‑1) reported by Wernery et al. (1999). 
A wide range (4.1-69 mg·dL‑1) was also reported by 
Faye et al. (1995) in female camels raised in temperate 
regions. Yadav and Bissa (1998) reported a range of 11-
78 mg·dL‑1. Values of 24.9 mg·dL‑1were reported in Su-
danese camels. Levels of 37.0 mg·dL‑1were reported for 
Egyptian camels (Seleim et al., 2003). 

BUN values in Omani female camels in the present 
study (5.5 mg·dL‑1) appear to be within the range report-
ed for BUN levels in the blood of Saudi camels ranged 
between 3.2-6.2 mg·dL‑1 (Al-Busadah, 2007). The range 
of BUN in Nigerian camels was 2.4-8.5 mg·dL‑1 with fe-
males having higher levels than males (Mohammed et 
al., 2007). Indoor raised camels had higher levels (5.6 
mmol/L) than free grazing ones (3.1 mmol/L) as a result 
of better level of nutrition (Al-Shami, 2009). Saudi cam-
els (Osman and Al-Busadah, 2003) had comparable lev-
els of urea to sheep (49.8 vs. 52.6 mg·dL‑1), which were 
much higher than those in cattle (17.2 mg·dL‑1).

Values of BUN in Omani racing camels in the current 
study are in line with normal values of total protein and 
its component indicating healthy animals. They may be 
used as clinical reference for the breed.

Creatinine
Serum creatinine is an important indicator of renal 

health. It is a byproduct of muscle metabolism that is 
excreted by the kidneys. Creatine is synthesized primar-
ily in the liver and the kidney then transported through 
blood to the other organs, muscle, and brain.

The mean value of creatinine in Omani racing 
camels was 1.6 ± 0.24 mg·dL‑1 with a range of 1.3-
2.2 mg·dL‑1(Table 1), which are similar to normal values 
in 2-12 year old Arabian camels in UAE (1.3-2.2 mg·dL‑1) 
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reported by Wernery et al. (1999). They are also compa-
rable to those of 1.97 mg·dL‑1 reported by Mohamed and 
Hussein (1999) in Kuwaiti racing camels. Lower levels of 
0.93 mg/dl were reported for Egyptian camels (Seleim 
et al., 2003).

Creatinine values recorded in the present study  are 
equivalent to 0.15 mmol/L which appears to be compa-
rable to creatinine levels in serum of Saudi camels with a 
range of 0.16-0.53 mmol/L (Al-Busadah, 2007) Moham-
med et al. (2007) reported a range of 47-118 µmol/l with 
levels higher during the wet season.

Osman and Al-Busadah (2003) reported compa-
rable values in Saudi camels (1.5 mg·dL‑1) to cattle 
(1.3 mg·dL‑1 but higher than sheep (1.0 mg·dL‑1).

Creatinine values recorded in the current study are 
in line with values of protein and BUN indicating that 
Omani racing camels has healthy renal function. They 
may be used as clinical references for the breed. 

Uric acid
Uric acid (C5H4N4O3) is a heterocyclic compound of 
carbon, nitrogen, oxygen, and hydrogen that forms ions 
and salts known as urates and acid urates. It is a prod-
uct of the metabolic breakdown of purine nucleotides. 
Uric acid is associated with several medical conditions 
including gout, diabetes and the formation of kidney 
stones. Uric acid is reabsorbed by renal tubules in mam-
mals.

The mean value of uric acid in Omani racing camels 
was 0.28 ± 0.041 mg·dL‑1 with a range of 0.2-0.3 mg·dL‑1 

(Table 1). Seleim et al. (2003) reported a higher value of 
1.68 mg·dL‑1  in Egyptian camels. The Uric acid values 
in the present study (166.5 µmol/l) were comparable to 
the 160-273 µmol/l reported by Haroun (1994) for Saudi 
camels and the 217 µmol/l for fasted and fed llamas re-
ported by Bakker et al. (1996). Uric acid values in camel 
and llama are considerably higher than those typically 
observed in cattle and sheep (Bakker et al., 1996).

Therefore, low levels of uric acid (0.2-0.3 mg·dL‑1) in-
dicate healthy kidney functions in Omani racing camels 
and may be used as clinical references for the breed.

 Cholesterol
Cholesterol is a modified steroid lipid molecule and is 
an essential structural component of animal cell mem-
branes. It is required to maintain membrane structural 
integrity and fluidity.  It also serves as a precursor for the 
biosynthesis of steroid hormones, bile acids, and Vita-
min D. The liver cells typically produce greater amounts 
than other cells. 

The mean value of cholesterol in Omani racing cam-
els was 40.52 ± 13.225 mg·dL‑1 with a wide range of 4.0-
77.0 mg·dL‑1 equivalent of 1.1 mmol/l (Table 1). These 
figures are comparable to those of <33 mg·dL‑1 reported 
by Mohamed and Hussein (1999) in Kuwaiti racing cam-
els. Cholesterol levels in blood of Saudi camels ranged 
between 1.91-4.2 mmol/l (Al-Busadah, 2007). System of 
management significantly affected cholesterol levels in 
camel blood. Al-Shami (2009) reported values of 82.1 
and 60.5 mg/L in indoor and free grazing camels. Os-
man and Al-Busadah (2003) reported values of 58.4 g/
dL in Saudi camels which were comparable to those in 
sheep (69.6 mg·dL‑1) but significantly less than those in 
cattle (149.4 mg·dL‑1).

The data indicated that cholesterol levels in Omani 
camels serum were within normal range and may be 
used as clinical reference in the breed.

Total bilirubin
 Bilirubins are produced by the breakdown of heme and 
reduction of biliverdin. It normally circulates in plasma 
and is taken up by liver cells and conjugated to form bil-
irubin diglucuronide, the pigment excreted in the bile 
although some leakage of bilirubin mono- and diglucu-
ronides does occur, but these normally account for less 
than 5% of circulating bilirubin. In the bile, more than 
80% is conjugated as the diglucuronide form. Failure of 
the liver cells to excrete bile, or obstruction of the bile 
ducts can cause an increased amount of bilirubin in the 
body fluids and lead to obstructive jaundice.

	 The mean value of total bilirubin in Omani rac-
ing camels was 0.34±0.124 mg·dL‑1 (5.8 µmol/l) with a 

Table 3. Coefficients of determination (R2) and their significance between some serum biochemistry parameters in Omani 
racing camels

ALP AST ALT GGT LD CK CO2 URIC
ALP 1 0.03 0.05 -0.00 0.13 0.21 -0.13 -0.13

AST 0.03 1 0.98*** 0.94*** 0.94*** 0.11 0.07 0.16

ALT 0.05 0.98*** 1 0.91*** 0.93*** 0.12 0.15 0.08

GGT -0.00 0.94*** 0.91*** 1 0.89*** 0.17 0.16 0.20

LD 0.13 0.94*** 0.93*** 0.89*** 1 0.16 0.01 0.19

CK 0.21 0.11 0.12 0.17 0.16 1 0.09 0.28

CO2 -0.13 0.07 0.15 0.16 0.01 0.09 1 -0.01

URIC -0.13 0.16 0.08 0.20 0.19 0.28 -0.01 1

*: p<0.05; **; p<0.01; ***; p<0.001
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range of 0.10-0.60 mg·dL‑1. These figures are compara-
ble to those of 0.51±0.30 mg·dL‑1 reported by Mohamed 
and Hussein (1999) in Kuwaiti racing camels. Mohri et 
al (2008) reported a value of 5.3 µmol/l total bilirubin 
in serum of Iranian camels which is similar to that re-
corded in Omani camels in the present study. Therefore, 
the range of 0.10-0.60 mg·dL‑1 should be regarded as a 
normal reference level of the breed.

Serum enzymes
Liver serum enzyme tests, also known as  liver func-

tion tests, are tests carried on blood serum that detect 
inflammation and damage to the liver as well as liver 
functioning. Liver enzymes include:  Aspartate ami-
notransferase (AST), Alanine aminotransferase (ALT), 
Gamma-Glutamyl Transpeptidase (GGT). Liver func-
tion tests include ALT, AST, GGT, alkaline phosphatase, 
PT, INR, albumin, and bilirubin.

Alkaline phosphatase (ALP)
The mean value of ALP in Omani racing camels was 
113.9±29.75 IU/l with a range of 50-187.  Seleim et al. 
(2003) reported a lower value of 19.9 IU/l in Egyptian 
camels. The mean ALP levels in Saudi camel serum (Os-
man and Al-Busadah, 2003) was 60 U/l which was not 
different from those in cattle (50 U/l) but much lower 
than that in ewes (112.4 U/l).

Aspartate aminotransferase (AST)
Liver enzyme measurements reflect hepatocyte mem-
brane integrity, hepatocyte or biliary epithelial necrosis, 
cholestasis, or induction phenomenon rather than liver 
function tests. Duration and magnitude of transaminase 
activities measured sequentially can predict disease ac-
tivity and severity and roughly estimate the number of 
involved cells. Aminotransferases, AST and ALT are 
present in high concentrations in liver and several other 
tissues. AST activity is higher in kidney, heart, and skel-
etal muscle than liver.
The mean value of AST in Omani racing camels was 
88.8±70.03 IU/l with a range of 57-374 IU/l. That ap-
pears to be higher than AST levels in blood of Saudi 
camels ranged between 24.1-35.1 IU/l (Al-Busadah, 
2007) and the 31.4 IU/l in Egyptian camels (Seleim et al., 
2003). Osman and Al-Busadah (2003) reported a mean 
value of AST in Saudi camels of 164.6 U/l which was 
comparable to that in sheep (141.6 U/l) but much higher 
than that in cattle (72.4 U/l). Further studies are needed 
to determine whether the differences in AST between 
Omani camels and camels in other parts of the world are 
genetic or clinical.

Alanine aminotransferase (ALT)
The ALT activity is highest in liver and it is a bout 10,000-
fold greater than plasma enzyme activity in healthy ani-
mals, it has high diagnostic utility to detect liver lesions.

The mean value of ALT in Omani racing camels was 

13.3±5.97 IU/l with a range of 9-37. That appears to be 
comparable to the range of ALT levels in blood of Sau-
di camels ranged between 8.0-14.5 IU/l (Al-Busadah, 
2007). Seleim et al. (2003) reported a value of 19.9 IU/l 
in Egyptian camels. Osman and Al-Busadah (2003) re-
ported a mean value of ALT in Saudi camels of 17.2 U/l 
which was comparable to that in sheep (21.0 U/l) but it 
was less than that in cattle (34.0 U/l). this indicate nor-
mal and healthy liver functions in Omani racing camels.

Gamma-Glutamyl Transpeptidase (GGT)
GGT is one of the liver enzymes. It is concentrated in 
the liver, but also present in the gallbladder, spleen, pan-
creas, and kidneys. GGT blood levels are usually high 
when the liver is damaged. This test is often done with 
other tests that measure liver enzymes if there’s a possi-
bility of liver damage.

The mean value of GGT in Omani racing camels was 
21.3±10.18 IU/l with a range of 13-64. A wide range of 
GGT (1-49 IU/l) was reported in female camels raised in 
France (Faye et al., 1995). Osman and Al-Busadah (2003) 
reported a mean value of GGT in Saudi camels of 25.6 
IU/l which was comparable to that in cattle (29.0 IU/l) 
but much lower than that in sheep (77.0 IU/l). These 
data indicated that Omani camels has normal liver func-
tions and figures obtained in the current study may be 
used as clinical reference.

Lactase dehydrogenase (LD)
The LD is not organ-specific, therefore its levels should 
be considered in relation to other enzymes. The mean 
value of LD in Omani racing camels was 419.9±160.38 
(IU/L) with a range of 303-971. That appears to be high-
er than LD levels in blood of Saudi camels ranged be-
tween 225-280 IU/L (Al-Busadah, 2007). However, Os-
man and Al-Busadah (2003) reported a mean value of 
LD in Saudi camels of 455 IU/l which was comparable 
to that in sheep (382.4 IU/l) but much lower than that in 
cattle (726.8 IU/l). Combined with other values of liver 
enzymes, bilirubin indicate that Omani racing camels 
were healthy. These values may bused for clinical refer-
ence.

Creatine Kinase (CK)
Skeletal muscles are the major source of CK in the body 
and the enzyme is used for diagnosis of muscular abnor-
malities. The mean value of CK in Omani racing camels 
was 46.3±16.2 (IU/L) with a range of 29-107.  This ap-
pears to be higher than CK levels in blood of Saudi cam-
els ranged between 29.1-30.3 IU/L by Al-Busadah (2007) 
who reported that values in Saudi camels are lower than 
those reported for other camels in Iraq (Al-Ani et al., 
1988). Osman and Al-Busadah (2003) reported an ex-
ceptionally high value of CK in Saudi camels (408.6 IU/l) 
which was much higher than that in sheep (121.6 IU/l) 
and cattle (119.0 IU/l). Normal values of CK in Omani 
racing camels indicates healthy animals. This is import-
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ant because racing camels usually has a very rigorous 
training and competition exercise regime.

Serum mineral contents
Table 1 gives the means, standard deviation, maximum 
and minimum values of some minerals in Omani cam-
el serum. Generally the macro mineral with the highest 
concentration in the Omani camel serum was the Na 
and within trace elements Fe and Zn.

Sodium (Na)
Sodium is an essential mineral for cell and body func-
tions. Its importance is evident in racing camels which 
exercise and compete rigorously and therefore, are 
usually subjected to severe stress. Na content in cam-
el serum ranged between 132.3 and 160.5 with a mean 
144.5±5.80 mmol/L. This value was comparable to that 
of 150-164 mmol/L in Emirate camels (Ayoub and Saleh, 
1998; Wernery et al., 1999) and 100 – 190 mmol/L re-
ported for “Majaheem”, “Maghateer” and “Awarik” Saudi 
camels (Busadah, 2007). Similar ranges of values were 
reported for Saudi (Al-Shami, 2009) and Nigerian (Mo-
hammed et al., 2007). Some studies reported a higher 
range of 300-390 mmol/L (Hassan et al., 1968 in Suda-
nese camels). Na values obtained in the current study 
were equivalent to those reported for Saudi camels by 
Osman and Al-Busadah (2003). The latter authors re-
ported that Na levels in camels are higher compared to 
those in cattle and sheep which were in agreement with 
previous reports (Abdalla et al., 1988).

Na values in the current study were slightly lower 
than those reported for rutting and non-rutting male 
camels (Zia-Rahman et al., 2007). Na serum levels in the 
Omani dromedary were comparable to those in the Bac-
trian camels of 148±32 mmol/L reported by Liu (2003) 
and 129-161 mmol/L reported by Wernery et al. (1999).

Chloride (Cl)
Cl is an essential electrolyte found in all body fluids and 
is responsible for maintaining acid/base balance, trans-
mitting nerve impulses and regulating fluid in and out 
of cells. 

Cl levels in Omani camels ranged between 105.4 and 
127.2 mmol/L with a mean of 113.0±4.52 mmol/L. these 
were comparable to the 114-120 mmol/L in UAE cam-
els (Wernery et. al., 1999). Higher chloride levels were 
recorded in Egyptian camels was 301.9 mmol/l (Seleim 
et al., 2003).

Potassium (K)
Potassium is the main intracellular ion for all types of 
animal cells. It is essential for maintaining fluid and elec-
trolyte balance in the animal body. Animals use sodium 
and potassium differentially to generate electrical poten-
tials in animal cells, especially in nervous tissue. there-
fore, potassium deficiency in animals  results in various 
neurological dysfunctions.

Mean K values in Omani camels of 4.23±0.42 mmol/L 
(range of 6.5-8.7 mmol/L) were comparable to those re-
ported for Saudi camels (2.9-6.2 mmol/L by Al-Busadah, 
2007; 4.2-6.8 mmol/L by Al-Shami, 2009; 4.0 by Osman 
and Al-Busadah, 2003); UAE (4.2 mmol/L by Ayoub and 
Saleh, 1998; 3.5-5.5 by Wernery et al., 1999); Sudanese 
(Omer et al., 2008; McGrane and Kenyon, 1984); Nige-
rian (Mohamed et al., 2007); Egyptian (4.29 mmol/L by 
Seleim et al., 2003), and other camels (Higgins and Kock, 
1986). Kuwaiti camels had levels of 3.0-4.7 mEq/L ( Mo-
hamed and Hussein, 1999); 

There were some reports on differences between 
camel and other species in levels of serum K contents. 
For instance Kamalu et al. (2003) reported that K was 
higher in cattle serum than in camels. K values in the 
current study were lower than those reported for rutting 
and non-rutting male camels (Zia-Rahman et al., 2007). 
Mohammed et al. (2007) reported that male camels had 
higher K levels than females in Nigerian camels. K se-
rum levels in the female Omani dromedary were compa-
rable to those in the female Bactrian camels of 4.23±0.66 
mmol/L (Liu, 2003) and 2-12 Bactrian camels (Wernery 
et al., 1999).

The Na/K mean ratio was 28.1 which were lower than 
that reported for camels in the UAE (39.5) by Ayoub and 
Saleh (1998) mainly due to higher levels of Na in Omani 
camels compared to the Emirate ones. However, gener-
ally Na and K levels in Omani racing camels were within 
normal levels and may be used as clinical reference for 
the breed.

Calcium (Ca)
In animals, Ca contributes to bone formation, neutraliz-
es rumen excess acidity, enters into the composition of 
body fluids such as blood, enters into the composition of 
secretions such as hormones and milk.

The range of Ca values in Omani camels’ serum was 
8.7-10.3 mg·dL‑1 (mean 9.63±0.43) which is equivalent 
to 2.41 mmol/l. These values were comparable to those 
reported for UAE camels (9.5-11.5 mg·dL‑1) and 2.8 
mmol/l reported for Iranian camels (Mohri et al., 2008). 
Ca values in Omani camels were at the lower range 
compared to Saudi camels (7.6-13.1 mg·dL‑1), Al-Bu-
sadah, 2007); UAE camels (11.3 mmol/L; Ayoub and 
Saleh, 1998) and temperate camels (11.5  mg·dL‑1, Faye 
et al., 1995). Nonetheless, extremely lower ranges (1.6-
2.8 mmol/L) were reported in some studies (Higgins 
and Kock, 1986; McGrane and Kenyon, 1984; Mohamed 
et al., 2007).  Osman and Al-Busadah (2003) reported 
values of 9.0 mEq/l for Saudi camels and Wernery et al. 
(1999) 

There were no differences between Ca values ob-
tained for female camels in the current study and values 
reported for non-rutting male camels (Zia-Rahman et 
al., 2007). Ca serum levels in the female Omani drome-
dary were higher than those in the female Bactrian cam-
els of 2.26±0.22 mmol/L (Liu, 2003) and 2.4-2.7 mg/dL 
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reported by Wernery et al. (1999).

Phosphorus (P)
The phosphorus serves in the number of metabolic 

functions in the animal body with about 80% of its body 
concentration used for maintenance and support of the 
skeleton co-precipitated with calcium. Phosphorus is 
also a major constituent of the cells, membranes and 
body fluids and plays an important role in the energy 
supply. It also acts as a buffer and is involved in phos-
pholipids and fatty acids transfer, the formation of ami-
no acids and structure of DNA and RNA.

The P serum levels in Omani camels ranged be-
tween 5.0 to 8.5 mg·dL‑1 (3.1 mmol/l) with a mean  of 
6.56±0.76 was comparable to that in Egyptian camels 
(6.8 mg/dL; Seleim et al., 2003). At its upper level it was 
higher than the upper range (3.4-7.7 mg·dL‑1) reported 
for UAE camels (3.5-6.0 mg·dL‑1; Wernery et al., 1999), 
Kuwaiti (Mohamed and Hussein, 1999) and Saudi cam-
els (3.8 mg·dL‑1) reported by Osman and Al-Busadah 
(2003). The latter author’s findings indicated that se-
rum P levels in camels are lower than those of cattle and 
sheep. There were some reports on differences between 
camel and other species in levels of serum P contents. 
For instance Kamalu et al. (2003) reported that P was 
lower in cattle serum than in camels. Values recorded 
for P in the present study were higher than those report-
ed for the Bactrian camel (1.65-2.01 mg·dL‑1) by Wer-
nery et al. (1999) in UAE.

Iron (Fe)
Iron plays an important role in forming complexes with 
molecular oxygen in hemoglobin and myoglobin which 
are common oxygen transporting proteins in animals. 
Iron is found at the active site of many important en-
zymes dealing with cellular respiration and oxidation 
and reduction in plants and animals. therefore, iron is 
important for racing animals because of its role in hae-
moglobin synthesis in the blood. Fe in Omani racing 
camels had a wider range (56-158 μg·dL‑1) but its mean 
value (107.8±25.54 μg·dL‑1) was comparable to the range 
reported for Kuwaiti racing camels (63-170 μg·dL‑1) by 

Mohamed and Hussein (1999). Wernery et al. (1999) 
reported a range of 87-135 μg·dL‑1 in 2-12 year old rac-
ing camels in the UAE. Osman and Al-Busadah (2003) 
reported a Fe level of 80 μg·dL‑1 in Saudi camels. Low-
er values of Fe (46.2 μg·dL‑1) were reported in Iranian 
5-year old female camels (Badiei et al., 2006). 

There were no differences between values obtained 
for female camels in the current study and values re-
ported for non-rutting male camels (Zia-Rahman et 
al., 2007). However, there are some reports that age has 
an effect on Fe levels in camels. For instance Faye et al. 
(2008) reported that older camels (>8 years) had highest 
Fe levels (283 μg·dL‑1) compared to those of 3-7 years 
of age. The Omani dromedary camels had apparently 
higher levels of Fe compared to the Bactrian camel (49-
57 μg·dL‑1) as reported by Wernery et al. (1999).

Copper (Cu)
Copper is a trace element essential for proper function-
ing of organs and metabolic processes in animals. High 
or low levels of Cu intake can produce adverse health 
effects. Cu deficiency cause ataxia or shallal specially in 
young animals which is common in Oman. 

Cu levels in Omani camels ranged between 54.0 
and 89.0 μg·dL‑1 (mean 72.5±8.08 μg·dL‑1). Mohamed 
(2004) reported a comparable value of 57.6-72.4 μg·dL‑1 
in Sudanese adult camels. Serum Cu levels could be 
quite variable as reported in camels raised in temper-
ate regions (7-114 μg·dL‑1) by Faye et al. (1995). Nor-
mal Cu levels in ruminants range is 70-140 μg·dL‑1 or 
11-22 µmol/L according to Abu Damir et al. (2008) and 
70-120 μg·dL‑1(12-19 µmol/l) according to Faye et al. 
(2008). Plasma Cu levels were significantly lower in cam-
els (61 μg·dL‑1) than cattle (111 μg·dL‑1) as reported by 
Bengoumi et al. (1998). Faye et al. (2008) reported that 
normal serum Cu levels in ruminants are between 70 
and 120 μg·dL‑1 and camel serum Cu values are within 
this range (Faye and Bengoumi, 1994). Consequently, the 
camels at the bottom of the range in the current study 
may be regarded as at a risk of being Cu deficient. Cu de-
ficiency was observed in Oman in other animals such as 
goats with reports of ataxia. Copper deficiency in camels 

Table 4. Coefficients of determination (R2) and their significance between some serum biochemistry parameters in Omani 
racing camels

Fe Cu Ca PO4 K Cl Na
Fe 1 0.23 0.19 0.26 0.08 0.24 0.24

Cu 0.23 1 0.21 -0.10 -0.25 0.27 0.20

Ca 0.19 0.21 1 0.17 0.59** 0.69*** 0.80***

PO4 0.26 -0.10 0.17 1 0.34 0.31 0.42*

K 0.08 -0.25 0.59*** 0.34 1 0.54** 0.56**

CL 0.24 0.27 0.69*** 0.31 0.54** 1 0.92***

Na 0.24 0.20 0.80*** 0.43* 0.56** 0.92*** 1

*: p<0.05; **; p<0.01; ***; p<0.001
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was also reported in East Africa (Faye and Bengoumi, 
1997) and even lower values of Cu (20.5 μg·dL‑1) were 
reported in Iranian 5-year old female camels (Badiei et 
al., 2006). 

Racing camels in Oman are usually kept in confined 
enclosures and their diet is strictly monitored. The basic 
fodder is fresh alfalfa which contains higher levels of Cu 
compared to Rhodesgrass hay (4.6 vs. 2.8 ppm) the other 
common roughage (Abu Damir et al., 2008). However, 
alfalfa has higher levels of molybdenum (2.2 vs. 0.6 ppm) 
and SO4 (4.7 ppm). It is well established that excess 
molybdenum, inorganic sulfate, iron or zinc interferes 
with copper absorption in ruminants (Abu Damir et al., 
2008). As mineral supplementation is not widely used 
with camels in Oman, care should be taken to supple-
ment these animals for Cu. Cupric oxide needle capsules 
which are safe and effective compared to mineral blocks 
(Abu Damir et al., 2008) may be a supplement of choice 
for Cu.

There were no differences between values obtained 
for female camels in the current study and values re-
ported for non-rutting male camels (Zia-Rahman et al., 
2007). Also no sex effects on Cu levels were observed by 
Abdalla et al. (1988) and Bengoumi et al. (1995). How-
ever, Faye et al. (2008) reported that females had higher 
levels of Cu than males (62 vs. 56.7 μg·dL‑1). Sex differ-
ences in mineral contents in camels may be more related 
to physiological status effect rather than sex per se.

Correlations between serum mineral values
A correlation analyses was carried out between various 
blood parameters and coefficient of determination (R2) 
was listed in Tables 2, 3 and 5. There was a significant 
correlation between BUN and creatinine as well as be-
tween TP and albumin (Table 2). Therefore, either of 
these parameters may be used to estimate the other. Re-
lation between TP and protein is obvious as TP equals 
albumin plus total globulins. 

There were also high correlations between AST, ALT, 
GGT and LD (Table 3). These are liver function enzymes 
and could be used to estimate one another to reduce cost 
of analyses.

The macro elements Na, Ca, and K had significant 
correlations. This was similar to reports in Omani rac-
ing camels (Eltahir et al., 2010). Although there are not 
many reports on this aspect, Kuria et al. (2006) reported 
a significant positive correlation between Na and Ca but 
a negative correlation between Na and P. On the con-
trary there were no significant correlations within trace 
elements but there was a significant correlation between 
Cl and Ca, K and Na (Table 4). 

From a practical point of view, correlations between 
certain elements would reduce the cost of analyses for 
these elements as values of some of them may be esti-
mated from other elements using regression equations. 

Conclusions
Findings of the current study provide baseline val-
ues that may be used by clinicians for racing camels in 
Oman and camels raised under similar conditions. Val-
ues recorded for all serum metabolic profiles, enzymes 
and minerals were within the ranges reported for racing 
camels in the Gulf region and indicated normal health of 
these animals. There were some significant correlations 
between some serum parameters that may be used to 
estimate their values which will reduce cost by reducing 
the number of elements to be analysed.
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