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 This study was performed to determine the blood reference values of hematological and 
biochemical parameters in Hair goats at different ages. For this aim, clinically healthy Hair goats 
(n = 180, ages of six month and 1-3 years male and female) were used to collect blood samples. 
In whole blood, white blood cell (WBC), red blood cell (RBC), hemoglobin (HGB), hematocrit 
(HCT), mean corpuscular volume (MCV), mean corpuscular hemoglobin (MCH), mean 
corpuscular hemoglobin concentration (MCHC)and red cell distribution width (RDW) were 
evaluated. The levels of, albumin, total protein, globulin, glucose, total bilirubin, urea, creatinine, 
phosphorus, magnesium, calcium, aspartate aminotransferase (AST), alkaline phosphatase 
(ALP), gamma-glutamyl transferase (GGT), creatine kinase (CK), alanine aminotransferase 
(ALT) and iron levels were investigated in sera. Age and sex had no effect on the cell structures 
of blood. In the either sex (male or female), age had no effect. However, sex had a significant 
effect on the blood cell structures except for WBC, HGB, and HCT. Albumin, protein, calcium, 
AST, ALT, ALP and magnesium values were not different among groups. Both the age and sex of 
the goats had significant effects on blood levels of glucose, phosphorus, urea, cholesterol, 
creatinine, GGT, CK and total bilirubin. In conclusion, this was the first study reporting the 
hematologic and biochemical parameters in blood of the Hair goats. The results indicated that 
these parameters could show variations under physiological conditions due to age and gender.  
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Introduction 
 

The majority of goat population in Turkiye is the Hair 
goats and they are located all over the country except for 
the northern territories. They are adapted well to the 
various climate conditions and land types. These goats 
could also live in mountainous areas with very low rainfall 
throughout the year. They are reared in high altitude area 
villages near forests. They consume bushes, heathers, 
thorny plants, dry grass, and therefore, are very cost-
effective animals.1 The goat population in Turkiye is about 
11 million which is almost 2.00% of the world goat 
population. The Hair goats in Turkiye are used for milk 
and meat production and they are mostly found in the mid 
and south regions of Turkiye throughout Mediterranean 
  

 and south Anatolian region along the Toros Mountains.1 

Blood is an easily monitored material to determine the 
health status of humans and also animals. It helps evaluate 
the physiological status or pathological cases through 
hematologic and biochemical parameters.2,3 Nutrition, 
climate, season of the year, age, gender and breed of the 
animals all have an effect on the physiological parameters 
of the blood. Furthermore, specific reference ranges of 
serum biochemical parameters must also be known for 
thorough evaluations. Reference values of certain para-
meters change among different age groups.4 Minerals are 
required for normal physiological functions of the body 
under normal conditions. Mineral levels in the tissues and 
body fluids demonstrate variations due to breeds, gender, 
age, season, pregnancy, lactation and health status.5  
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It is important for the clinicians to diagnose diseases based 
on the physiological electrophoretic models of animals.6 

Despite the fact that Hair goats consist the majority 
of goat population, there is no published information 
related to blood hematologic and biochemical 
parameters according to age and gender of these 
animals. One earlier study has reported the results in 
female goats in pre- and post-partum stages, but not 
evaluated age and gender effects.7 Therefore, this study 
was aimed to investigate blood parameters in purebred 
Hair goats focusing on age and gender differences. As 
the global warming is a serious issue for the earth, we 
believe that it is crucial to do research on goats which 
could easily adapt to various climate conditions and 
their physiological and genetic characters must be 
investigated thoroughly. 

 
Materials and Methods 

 
Animals. Female kids (n = 45), male kids (n = 45), non-

pregnant does (n = 45) and buck Hair goats (n = 45) were 
used. The location of the animals used in this study was 
38°34̓ N 34°24̓ E and 1,210 m above the sea level. The 
sample collection was done in October 2016. The goats 
were on pasture and the ambient temperature was 2.00 ˚C 
above the normal seasonal average for October. 
Permission for the study was received from the Dollvet 
A.Ş. Animal Experiments Local Ethics Committee 
(2014/79) before the experimental process.  

Blood collection and evaluation procedures. In 
this study, blood samples were collected from animals in 
private enterprises located in Aksaray, Turkiye. 
Samplings were selected from healthy flocks under local 
veterinarian supervision. Clinically healthy female kids (n 
= 45), male kids (n = 45), non-pregnant does (n = 45) and 
buck Hair goats (n = 45) were used. Blood was collected 
from the jugular vein into vacuum tubes without any 
anticoagulants. Blood was allowed to coagulate and then 
centrifuged at 3,000 rpm for 10 min. Sera were collected 
into clean tubes and kept at – 40.00 ˚C until further 
analysis. Serum analysis was performed using commercial 
kits (Assel, Rome, Italy) in a spectrophotometer 
(Humalyzer 3000; Human GmbH, Wiesbaden, Germany). 
Hematological evaluations were performed on the freshly 
collected blood using hemocounter (BC2800 Vet; Mindray, 
Shenzhen, China) with commercial kits (Mindray). 

Statistical analysis. Data were analyzed using SPSS 
Software (version 15.0; SPSS, Inc., Chicago, USA). 
Differences among the groups were analyzed by the 
student's t-test. Data were presented as mean ± SEM and  
p < 0.05 was considered as significant. Descriptive 
statistics were used for mean, SEM, minimum and 
maximum. For continuous variables, one-way ANOVA was 
used and group means were compared by Duncan 
multiple comparison tests. 

 
 

 Results  
 
The white blood cells (WBC) counts were 

numerically higher in bucks compared to male kids but 
were not statistically significant. The red blood cells 
(RBC) counts were the highest in the male kids and the 
female kids had statistically higher RBC compared to 
the does (p < 0.05). Although hemoglobin values were 
higher in the kids, hematocrit was greater in the 
matured goats, however, it was not significant. The 
mean corpuscular volume (MCV) and mean corpuscular 
hemoglobin (MCH) were higher in females compared to 
males (p < 0.05). The hemoglobin concentrations 
(MCHC) and red blood cell distribution width (RDW) 
were greater in the males (p < 0.05). The evaluated 
hematologic parameters are summarized  in Table 1.  

Blood albumin levels were found to be higher 
numerically in females. Total protein levels were the 
greatest in the bucks, and the females tended to have 
more blood protein than the kids. Globulin levels were 
insignificantly higher in the males compared to the 
females. In general, blood glucose levels were higher in 
the males, however, the does had the lowest glucose 
levels (p < 0.05). Both the matured and male young kids 
had greater phosphor levels and the bucks had more 
phosphorus than the does (p < 0.05). Calcium and 
magnesium levels were similar in all age and gender 
groups. The aspartate aminotransferase (AST) levels 
tended to be higher in the kids compared to matured 
goats. The alkaline phosphatase (ALP) levels did not 
differ. Measured alanine aminotransferase (ALT) levels 
did not show any significant differences although there 
were some numerical differences among the groups 
(Table 2). The gamma-glutamyl transferase (GGT) levels 
were found to be higher in the males. The male kids had 
the highest GGT levels whereas the female kids had the 
lowest amount (p < 0.05). The only difference in the 
blood urea levels was between female kids and the 
bucks (p < 0.05).  

The matured goats displayed very similar urea 
levels regardless of the gender. Blood creatinine levels 
were greater in the males and the males had 
significantly high urea levels than the female kids (p < 
0.05). The creatinine levels tended to be higher in the 
male goat, however, the difference was not significant. 
Creatinine kinase levels were higher in the female kids 
significantly compared to the other groups (p < 0.05). 
Also, its level was significantly higher in the does than 
the bucks and male kids (p < 0.05). Total bilirubin levels 
were higher in the female goats, specifically in the does 
(p < 0.05). The female kids and the bucks had greater 
iron levels compared to the male kids (p < 0.05), 
however, the difference from the does was not 
significant. The results of biochemical analyses are 
summarized in Table 2. 
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Discussion 
 

Hematologic and biochemical parameters in the blood 
could be influenced by age, gender, breed as well as 
nutrition, stress, diseases.2 Analysis of these blood para-
meters presents clues for the health status of animals. 
However, veterinarians should know the reference ranges 
of these parameters for each species and breed to exert 
through evaluation.4 In the present study, we evaluated 
some parameters in the Hair goat blood that were affected 
by age, gender or both. The RBC count in the Hair goat in 
this study was determined to be higher compared to some 
other goat breeds.8-15 Erythrocyte values in the does Hair 
goats were similar,9,10 lower,16 or higher13,17 compared to 
other breeds. However, this study showed that erythrocyte 
counts were higher in the young goats compared to those 
found in earlier studies.8,12 Piccione et al. indicated that 
there was no correlation between the RBC count and age. 9  
However, Daramola et al. in a study with 10 mature and 10 
kids found that the does had a statistically higher number 
of erythrocytes than kids.8 In a study with Saanen goats 
(72 goats at different ages), Elitok pointed that number of 
erythrocytes in the blood was increased with aging.18 In 
this study, however, young goats regardless of the gender 
had significantly more erythrocytes than that of the 
matured goats. Although the Hair goats in this study 
 

  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

had greater number of erythrocytes compared to the results 
of earlier studies, hemoglobin values were lower.8,11,12,14 In 
general, Hair goats in this study presented lower hemoglobin 
values than other studies where the RBC counts were 
similar or lower than our results.9,16 The greater RBC count 
with lower hemoglobin values determined in this study in 
the Hair goats could be considered as a distinctive 
character of this breed. Obtained values for hemoglobin, 
MCV, MCH and RDW appeared to be smaller regardless of 
the age and gender compared to the other studies on 
different breeds.8,10-15 Hematocrit value was lower,10,15,16 or 
higher compared to the previous studies.13,17 The WBC 
counts were found to be greater than that of the earlier 
studies. Similar to the RBC, this could also be a physio-
logically distinctive character of the Hair goats. These 
goats are known to be disease resistant breed.1 Thus, 
physiologically high number of WBC may be the reason for 
this resistance. The MCHC values were either lower,9,10,15,16 
or greater,8,11,12,18 compared to the results of earlier 
studies. The Hair goats studied here had higher albumin, 
globulin and protein levels in the serum compared to the 
reported levels by others.7-10,13,15 The females had higher 
albumin levels than the males. Also, blood glucose levels 
were also higher in this study except for the matured 
females which had either lower or higher levels compared 
to the other studies.7,8,11,13,18,19 The does presented lower 
 

Table 1. Hematologic parameters in Hair goats. 

Parameters  Female young kids Male kids Non-pregnant does Bucks 

Red blood cell (×106 μL-1) 17.43 ± 0.75bc 18.24 ± 0.61bd 15.76 ± 0.61ac 17.54 ± 0.50ad 
Hemoglobin (g dL-1) 8.74 ± 0.37a 8.90 ± 0.31a 8.06 ± 0.32a 8.84 ± 0.33a 
Hematocrit (%) 22.67 ± 0.83a 21.65 ± 0.65a 21.29 ± 0.75a 22.80 ± 0.85a 
Mean corpuscular volume (fL) 13.57 ± 0.31ab 12.55 ± 0.29ac 13.92 ± 0.35ab 12.88 ± 0.85ac 
Mean corpuscular hemoglobin (pg) 5.17 ± 0.09ab 4.85 ± 0.75ac 5.15 ± 0.08ab 5.01 ± 0.86ac 
Mean corpuscular hemoglobin concentration (g dL-1) 38.58 ± 0.41ab 39.39 ± 0.58ac 38.26 ± 0.43ab 39.74 ± 0.52ac 
Red cell distribution width (%) 23.30 ± 0.49ab 24.41 ± 0.51ac 22.68 ± 0.42ab 23.70 ± 0.52ac 
White blood cell (×103 μL-1) 19.22 ± 0.63a 17.40 ± 0.82a 18.60 ± 0.97a 19.75 ± 0.98a 
abcd Differences between groups are shown with different superscripts in the same column that are statistically significant (p < 0.05). 
 

Table 2. Biochemical parameters in Hair goats. 

Parameters  Female kids Male kids Non-pregnant does Bucks 

Total  protein (g dL-1) 14.14 ± 1.59 14.44 ± 2.95 14.65 ± 2.26 14.92 ± 2.55 
Albumin (g dL-1) 6.27 ± 1.34 5.53 ± 1.33 6.38 ± 1.17 5.59 ± 1.45 
Globulin (g dL-1) 7.00 ± 3.25 7.65 ± 1.35 7.00 ± 3.20 7.83 ± 1.85 
Glucose (mg dL-1) 82.17 ± 10.68a 89.60 ± 15.17a 64.42 ± 18.17b 85.52 ± 27.05a 
Phosphorus (mg dL-1) 8.13 ± 2.03a 8.71 ± 2.02a 6.47 ± 1.65b 9.35 ± 2.62a 
Calcium (mg dL-1) 13.86 ± 4.04 14.83 ± 3.01 14.47 ± 3.05 15.60 ± 5.43 
Magnesium (mg dL-1) 2.15 ± 0.21 2.11 ± 0.26 2.09 ± 0.41 2.20 ± 0.30 
Aspartate aminotransferase (IU L-1) 81.06 ± 25.03 80.03 ± 33.13 75.75 ± 12.56 69.22 ± 17.86 
Alkaline phosphatase (U L-1) 293.73 ± 193.75 293.26 ± 181.77 208.31 ± 51.81 310.87 ± 181.45 
Alanine aminotransferase (IU L-1) 13.92 ± 3.26 16.10 ± 9.28 15.39 ± 4.11 13.98 ± 2.83 
Gamma-glutamyl transferase (IU L-1) 73.07 ± 27.14ab 106.29 ± 46.61a 81.10 ± 49.15b 100.03 ± 40.00ab 
Urea (mg dL-1) 32.77 ± 13.71a 27.16 ± 8.38ab 27.88 ± 10.37ab 23.73 ± 7.03b 
Creatinine (mg dL-1) 0.74 ± 0.36b 1.09 ± 0.41a 0.84 ± 0.34ab 1.12 ± 0.55a 
Creatine kinase (IU L-1) 182.00 ± 40.16c 141.60 ± 32.13b 151.00 ± 27.46a 103.40 ± 27.55b 
Total bilirubin (mg dL-1) 0.18 ± 0.06ab 0.17 ± 0.04ab 0.22 ± 0.05a 0.13 ± 0.03b 
Iron (µg dL-1) 166.17 ± 64.70b 118.39 ± 43.69a 138.40 ± 59.40ab 161.53 ± 70.84b 
abc Differences between groups are shown with different superscripts in the same column that are statistically significant (p < 0.05). 
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glucose values than those of the younger kids and the 
bucks. The values obtained from the does were within the 
reference range reported by Kaneko et al. while the other 
groups were outside of the high end of the reference range. 
Blood glucose level is regulated by nutrition and hormones 
whereas age, gender, breed and environmental factors are 
also considered.13,20 The higher glucose levels seen in the 
kids could be due to their different metabolic status.21 In 
the present study, calcium levels detected were found to 
be greater than the reference values reported in previous 
studies.8,11,22-26,29 The reason for higher calcium levels from 
the other breeds of goats could be that the Hair goats live 
in mountainous areas which may require more stable and 
powerful bones. To confirm this, bone density and stability 
tests could be performed for the goats which live in 
various land types and environmental conditions. The 
serum phosphorus levels were in accordance with the 
reference range of Kaneko et al. but were greater than the 
reported results.8,11,22-29 Similarly, magnesium levels 
obtained were either higher22,24,25 or lower27,29 compared 
to the values obtained by other studies. In conclusion, 
serum calcium levels were above the range and 
phosphorus and magnesium levels were slightly below the 
range reported by Kaneko et al.29 Calcium levels were not 
significantly higher in the males while the phosphorus 
levels were higher significantly. The liver enzymes had 
intracellular functions, thus, their presence in the blood 
indicated tissue damage in the liver.25 The activity of such 
enzymes as ALT, AST, and GGT were used as indicators of 
physical stress.9 Normal blood level for AST was defined to 
be 167 - 513 UL-1 in goats,29 however, the values presented 
in this study were lower. Similarly, the values were also 
found to be lower compared to an earlier study in female 
goats at prepartum and postpartum stages in Siirt Hair 
goats.7 However AST levels in our study were higher than 
values reported by other groups Piccione et al.,10 Waziri et 
al.11 The AST values in Nguni goats were similar with 
ours.25 This discrepancy might be due to autumn condition 
when we collected the blood sample as the goats were 
mostly allowed to raise in the pasture, therefore, the type 
of nutrition may have affected the AST levels. The ALP 
levels here were consistent with the reference values of 
Kaneko et al.,29 but not with Tschuor et al.,22 Elitok18 and 
Al-Bulushi et al.15 The does had also lower ALP levels than 
that of reported by Tanritanır et al.23 In Saanen goats, it 
was shown that age and gender had a significant effect on 
ALP levels, however, the present study did not show such 
an effect in the Hair goats. As for ALT levels, they were 
within the range reported by Kaneko et al.,29 but lower 
than those reported by the others.9,11,14,15,18,22 It is reported 
that the ALT levels in goat and sheep may be affected by 
the breeding season.30 The low AST levels that we detected 
could then be due to the fact that the blood samples were 
collected out of the breeding season. The primary role of 
GGT enzymes is to provide amino acids, specifically 
 

 cysteine, for the synthesis of intracellular GSH, therefore, it 
has antioxidant activity.31 The GGT levels in this study 
were much higher than that of the previous studies.15,18,29 
The GGT levels were significantly higher in the males 
compared to the females. The blood urea levels were 
similar to the values reported by Kaneko et al.,29 but 
lower7,9 or higher11,21 than those of earlier studies. The 
levels observed in the matured goats and the male kids 
were lower than values of Saanen goats, however, the 
female kids have similar levels.18 In this study, the blood 
creatinine levels were similar in the male but lower in the 
female compared to the results by Kaneko et al.,29 
however, were higher than the range reported by Tschuor 
et al.22 The blood creatinine levels in the male were similar 
to what was found in Sahel goats but lower in the 
females.22 Regardless of the gender, the creatinine levels 
were much lower than the values reported by Mohammed 
et al.13 The creatinine kinase (CK) is used to define 
myocyte damage in the body.13 In this study, we found that 
CK levels were in accordance with the reference range 
given by Tschuor et al.22 only for the female kids. The 
levels were higher significantly in the does. Within the 
females, the kids had higher CK levels. Total bilirubin 
values detected here were within the reference range of 
Kaneko et al.29 However, the levels were higher than those 
of earlier studies.14,15,18,22 The females had higher total 
bilirubin than the males. The blood iron is a dependable 
parameter to identify the physiological and pathological 
status of the body.32 We found out that the blood iron 
levels were much higher compared to the results of 
previous studies.7,32 The male kids in this study presented 
significantly lower iron levels than the female kids and the 
bucks. In conclusion, blood hematological and biochemical 
values of goats may be different depending on age and sex. 
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