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Versatile analysis of some biochemical and hematological

parameters of sheep

ABSTRACT

Biochemical, whole blood hematological and macro-mineral values are critical health
and disease status parameters, which depend on animals’ conditions, age, gender,
breed, region, husbandry, geographical differences, seasonal changes, rearing location
and diet. In this study, all parameters were measured in blood samples obtained from
healthy Akkaraman sheep, composed of lambs and adults of both sexes. Analyses of
the parameters were carried out with commercial assay kits. When comparing the
values of the biochemical variables, a significant difference (P<0.05) between the four
groups was observed in the concentrations of the following variables evaluated:
glucose, total bilirubin, urea, and creatinin. A significant difference (P<0.05) between
the four groups was found in the concentrations of the following variables: evaluated
red blood cell, mean red blood cell volume, mean red blood cell hemoglobin, platelets
and mean platelet volume. When comparing the values of the variables, a significant
difference (P<0.05) between the four groups was observed in the concentrations of
iron. The values of calcium and phosphorus were not found statistically significant.
With a summary of the current literature, it could not be found a detailed study on
advanced biochemical, mineral and hematological reference values for Akkaraman
breeds in Aksaray region. Thus, our goal is to identify and present the values for the
total biochemical and hematological parameters of Akkaraman sheep raised in the
Aksaray region of Turkey. It is expected that these results may be used as reference
values for Akkaraman sheep in this region.

Keywords: Age, akkaraman sheep, biochemical parameters, gender, hematological
parameters, mineral assay

NTRODUCTION

The analysis of blood content contributes to detailed check up the
organisms. So, blood as a vital tissue, plays a unique role in the
metabolic, physiological, nutritional and also pathological status
of a living organism. Blood biochemistry is the primary
diagnostic tool in determining the health status of and in investigating
diseases in human and animal (Braun et al., 2010 and Onasanya et al.,
2015). Factors such as nutrition, stress, temperature-climate, seasonal
differences, disease, muscle activity, age, sex and race affect the
physiological values of parameters biochemically, and these conditions
are important in clinical biochemistry (Gunduz, 2000). The
determination of specific reference intervals is important for both
clinicians and academicians so they can accurately interpret biochemical
values in different animal species and breeds (Kaneko et al., 2008;
Meyer and Harvey, 2004). The primary use of clinical biochemistry in
human and animal are following up on an individual’s health status,
diagnosing disease and monitoring treatment (Braun et al., 2010).
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Biochemical profiles provide reliable
information on the health status of animals and
reflect the animal’s responsiveness to its
internal and external environment (Onasanya et
al., 2015). Because there are so many different
ovine breeds and production systems differ so
much among regions and countries, reference
values for sheep definitely show variations. On
the basis of data from the “Clinical and
Laboratory Standards Institute (CLSI)”, it is
recommended that reference intervals be
produced or validated by each laboratory with
its own techniques in a similar as possible
population of animals (Braun et al.,, 2010;
CLSI, 2010).

Nowadays the hematological analyzes are
easy, quick and dependable keys of clinical
monitoring (Braun et al., 2010; Coles, 1986;
Onasanya et al., 2015; Polizopoulou, 2010;
Rahman et al., 2018). Hematology is a science
that deals with whole blood physiology,
metabolism, and biochemistry. It investigates
the physiological and pathological states of
cells and proteins found in blood (Bush 1991;
Coles, 1986; Polizopoulou, 2010). Also,
interpretation of hematological blood results
which crucial for clinicians and academicians
mainly depend on the determination of specific
reference intervals (Kaneko et al., 2008; Meyer
and Harvey, 2004; Simpraga et al., 2013; Vojta
et al., 2011). Hematological diagnostic methods
and processes have become a necessary and
fundamental part of the minimum base of
information for determining health status and
the diagnostic observation of ovine medical
problems. The widespread use of advanced
hematological instruments, kits and materials
that can process small ruminant blood samples
has made blood assays important diagnostic
methods in managing  sheep  health
(Polizopoulou, 2010). For healthy ovine as with
other mammals, nutritional status, age, sex and
breed of the sheep as well as the season and
environmental conditions should be considered
when determining hematological reference

VetBio, 2021, 6(2), 130-141

values and ranges, as in biochemical
parameters. The wvalue of blood sample
diagnosis lies in its ability to identify the effects
of diseases on blood cells and platelets. Blood
composition is continuously variable. Rapid
modifications could occur as a response to
multiple physiological events initiated by
physiological or pathological stress. In living
organisms, especially in mammals,
identification of hematological values with
specific reference intervals based on breed-
specific differences is vital in disease prognosis
and treatment processes, in both academic and
clinical prospects (Polizopoulou, 2010).

Most of the elements play important roles in
maintaining health, and normal metabolic
balance and growth in human and animals
(Carlson, 2008; Rucker et al., 2008). Minerals
are involved in all biochemical mechanisms, as
structural elements and as regulators of almost
all metabolic course (Kaneko, et al., 2008). In
living organisms, macrominerals fulfill many
vital functions in biochemical metabolic
processes. Minerals act as catalytic co-factors
for normal enzyme functions and essential for
constituents. Minerals are important also in the
synthesis of many hormones that are required
for normal functions of basic biochemical and
hematological processes in the body.
Arrangement  of cell replication and
differentiation are other regulatory impacts of
minerals. Structurally, minerals can form
macro-components of organs and tissues, such
as calcium and phosphorus (P) (bones and teeth,
tendons).  Physiologically, minerals play
significant roles in body fluids and tissues, as
electrolytes (Na, K, Ca, Mg, etc) concerned
with the maintenance of osmotic pressure, acid—
base balance, membrane permeability and
transmission of nerve impulses (Kaneko, et al.,
2008; Suttle, 2010; Yatoo et al.,, 2013).
Phosphorus plays a role in numerous biological
processes, including energy metabolism and
bone mineralization. P, participates in the
structure of DNA and RNA and also takes
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mainly part in various biochemical pathways
such as glycolysis and beta oxidation of fats. As
a component of signal transduction, phosphate
is used in cyclic AMP and products of
deoxyribonucleoside  diphosphates  (Raina,
2012). The majority of intracellular P is found

either as inorganic  phosphate  esters,
phospholipids in cell membranes, or as
phosphorylated intermediate molecules

involved in a wide variety of biochemical
processes, including energy production (ATP),
storage and transfer (Favus, 2006; Suttle, 2010).
Serum iron levels have both biochemical and
hematological importance. The  daily
requirements of iron vary according to the age,
gender, nutritional and physiological status of
the individual. Iron is an essential element in
the body, but its effect on the body is like a
double-edged knife (Harvey 2008a, 2008b;
Suttle 2010). Iron ion is critical for Fe-
containing proteins, oxygen transport and
storage, respiration, DNA synthesis, Krebs
cycle, and various enzymatic reactions.
However, the same physical properties that
allow iron to function as a cofactor in controlled
redox biochemistry also make iron potentially
toxic to cells, as it catalyzes the formation of
the reactive oxygen species (Harvey 2008a).

The identification and use of specific ranges
for breeds and species of animals are required
to establish reference sites specific to regions
where animals are raised and to their racial
values (Altintas and Fidanci, 1993; Braun et al.,
2010; Meyer and Harvey, 2004). Since these
parameters are vital for animal health and may
vary depending on different variables, regional
reference values for animals are clinically
valuable. The goal is to investigate the
reference values for clinically healthy
Akkaraman sheep breed raised in Aksaray and
the nearby environment, by measuring some
parameters and considering age and sex-related
differences.

MATERIAL and METHOD

Current study protocol involved to take blood
from animals following by ethical rules.
Animals were separated into four groups based
on gender and age. For biochemical and mineral
assays, 15 mL of blood was taken from the vena
jugularis, in anticoagulant-free serum tubes.
The hemolysis-free serum samples were
separated from clotted blood samples by
centrifugation and stored at -25 °C till analysis
(Coles, 1986). Biochemical variables
determined in each sample were total protein
(TP), glucose (Glc), albumin (Alb), globulin
(Glb), triglycerides (TG), total cholesterol (Tot.
Chol.), high-density cholesterol (HDL), low-
density cholesterol (LDL), total bilirubin (Tot.
Bil.), urea, and creatinine (Crea). Analyses of
the parameters were carried out with
commercial assay kits (Assel, Italy) and a
biochemical analyzer (Humalyzer 3000 semi-
analyzer, Germany), according to the method of
administration of each parameter described in
the commercial kit procedure. Analyses of the
serum calcium (Ca), phosphorus (P) and iron
(Fe) levels were carried out with commercial
assay kit (Assel, Italy) and biochemical
analyzer (Humalyzer 3000 semi-analyzer,
Germany). For hematological assays, the blood
samples were taken from the vena jugularis into
EDTA-containing  hemogram  tubes and
commercial test kits (Mindray V-28, China)
with the auto-hematology analyzer Mindray,
BC-2800-Vet (China) were used.

White blood cell-WBC (10%L), hemoglobin-
HGB (g/dL), hematocrit-HCT (%), red blood
cell-RBC (10'%/L), mean red blood cell volume-
MCV (fL), mean cell hemoglobin-MCH (pg),
mean cell hemoglobin concentration-MCHC
(g/dL), red cell distribution width-RDW (%),
platelet-PLT (10%L), mean platelet volume-
MPV (fL), platelet dispersion width-PDW and
platelet relative volume-PCT (%) variables
were measured.




The descriptive statistics for the properties
studied were mean, standard deviation, standard
error, minimum values and maximum values.
Variations among the groups were analyzed by
Student t-test. "One-way ANOVA" was
fulfilled to crosscheck the group averages in
terms of continuous variables. A Duncan
multiple comparison test was used to identify
the different groups following the analysis of
variance. The data are given as the means +

Table 1. Biochemical findings for four groups of sheep
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standard error (X £SE). Statistical significance
was accepted as P<0.05 level.

RESULTS

In this study, various biochemical values were
measured according to gender and age,
statistical analyses of these values were
performed and the results were examined
(Table 1).

Parameter (Unit) Ewes Female Lambs Rams Male Lambs P

Glucose (mg/dl) 68,91+2,07¢ 77,04+£5,17b¢ 92,86+5,952 82,5142,24@ 0.001
Total Protein (g/dl) 11,27+0,43 10,85+0,39 11,39+0,40 11,76£0,31 >0.05
Albumin (g/dI) 5,46+0,28 5,82+031 6,18+0,24 6,16+0,39 >0.05
Globulin (g/dl) 5,32+0,31 4,73+0,31 4,94+0,30 521+0,31 >0.05
Triglycerides (ng/dl) 138,71+7,40 129,83+3,43 123,45+5,47 123,91+6,30 >0.05
Total Cholesterol (ng/dl) 76,57+£2,97 72,03+5,45 72,31+3,10 67,55+4,91 >0.05
HDL Cholesterol (mg/dl) 45,00£1,62 42,86+3,28 42,28+2,85 43,504+4,03 >0.05
LDL Cholesterol (mg/dl) 29,21+2,75 28,23+2,73 28,89+2,01 23,00+1,71 >0.05
Total Bilirubin (mg/dl) 0,610,062 0,42+0.05 0,65+0,072 0,65+0.052 0.020
Urea (mg/dl) 20,07+1,88P 15,25+1,38P 32,0142,16° 19,62+1,40P 0.000
Creatinine (mg/dl) 0,89+0,087° 0,71+0,038P 1,2440,082 0,9140,07° 0.000

When serum Glc values of healthy groups of lambs than rams. In the present study,

different ages and genders were investigated, a
higher amount of Glc was detected in males
than in females; and the difference was
statistically significant (P<0.05). Total protein
values were the highest in male lambs and the
lowest in female lambs, and the amount of
protein was higher in ewes than in female
lambs; however, neither of these findings were
statistically significant (P>0.05). It was also
observed that the total protein ratios are not
age-dependent but sex-dependent, with the
protein concentration in males being higher
than in females. When the Alb values were
examined, it was found that the rams had the
highest values and female lambs had the lowest,
but these were not statistically significant
(P>0.05). There were no statistically significant
(P>0.05) differences between the four groups in
the amount of globulin, which was higher in
ewes than in female lambs and higher in male

regardless of age, measured triglyceride levels
were found to be higher in females than in male
Akkaraman sheep. The levels of triglycerides,
which were also higher in ewes than in female
lambs, were slightly different in rams than in
male lambs. The triglyceride values of the four
groups were not statistically significant
(P>0.05). Total cholesterol values were
observed to be lowest in male lambs and
highest in ewes. The cholesterol levels in adults
was relatively higher than lambs. Though
cholesterol levels were higher in ewes than in
rams and lower in male lambs than in female
lambs, these results were not statistically
significant (P>0.05). The ewes had the highest
HDL cholesterol compared to the other three
groups, but the results were not significant.
LDL cholesterol was found to be higher in the
adult groups (ewes and rams) than in the lamb
groups. The highest LDL cholesterol was in the
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ewes, but the difference was not statistically
significant. There was no age-related difference
in total bilirubin values in males. Looking at
gender-dependent differences, the total bilirubin
levels were higher in males than in females. In
female group, total bilirubin values were higher
in ewes than in female lambs and this difference
was statistically significant (P<0.05). The
higher urea values were found in rams and ewes
as compared to lambs (P>0.05). The urea values
were found to be statistically significantly and
this status applies to all groups. Urea values of
rams are higher at statistical significance level
compared to all other groups. There is no

Table 2. Hematological findings of Akkaraman sheep

difference between the other groups. When
creatinine was assessed, it was found to be the
highest in rams and these results were
statistically significant (P<0.05) (Table 1).

With presented study, it could be declared
that whole blood hematological parameters in
Akkaraman sheep breed (Aksaray region) can
be vary on age and gender. The comparative
graphics of the total parameters were
demonstrated in Figure 1 and the median and
mean values and the statistical analysis of the
hematological variables of this study are
represented in Table 2.

Female Lambs Rams Male P
Lambs
WBC (10°/L) 7,86+0,98 9,08+0,43 9,75+0,55 9,52+1,09 >0.05
RBC (10%/L) 7,95+0,53P 9,77+0,342 9,96+0,302 9,63+0,832 0.046
HGB (g/dL) 9,38+0,56 9,33+0,25 9,63+0,36 9,35+0,81 >0.05
HCT (%) 28,0+1,62 28,95+0,75 29,96+1,27 28,68+2,4 >0.05
MCYV (fL) 33,740,462 29,88+0,67" 30,83+1,240 30,0+0,53P 0.004
MCH (pg) 11,075+0,20° 9,55+0,19P 10,0750,36° 9,57+0,17° 0.000
MCHC (g/dL) 32,05+0,35 32,20+0,41 31,95+0,52 31,52+0,48 >0.05
RDW (%0) 22,68+0,42 23,30+0,49 23,70+0,52 24.41+0,51 >0.05
PLT (10%L) 261,75+15,31°P 412,75+45,28% 392,17+46,812 401,75+41,182 0.031
MPV (fL) 3,96+0,152 3,8+0,06% 3,6240,05P 3,58+0,078P 0.025
PDW (fL) 15,60+0,17 15,27+0,96 15,08+0,21 15,1340,12 >0.05
PCT (%) 0,10£0,005 0,15+0,016 0,130,017 0,21+0,07 >0.05

It was determined that the WBC count was  between all groups: no difference was found

higher in rams and male lambs than in ewes and
female lambs. The lowest value was found in
ewes; however, the results were not statistically
significant. According to the measurements of
RBC counts, the highest values belonged to the
rams whereas the ewes had the lowest amount
of red blood cells. These results were
statistically significant (P< 0.05).

The HGB values of Akkaraman sheep were
found to be higher in adults than in lambs (both
sex). So though the findings were not
statistically significant (P> 0.05), there was
difference in HGB values depending on age
(higher in adults than in lambs), not on sex.
HCT values were found to be very close

and these values were found to be statistically
insignificant (P> 0.05). When MCV and MCH
were examined, it was found that the values
were higher in ewes than in rams and lambs of
both sexes. Both parameters (MCV P <0.005
and MCH P <0.001) were found to be
statistically significant when compared to other
3 groups. The mean MCHC concentrations in
female group had higher values than males, but
again the data was not found to be statistically
significant. The highest RDW value belonged to
male lambs whereas the lowest values belonged
to ewes. In general, females had lower levels of
RDW than males, but the data was statistically
insignificant. The highest PLT value was found
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in female lambs and the lowest value belonged
to ewes. This difference was significant (P<
0.05). MPV was higher in females than males.
There was no difference in MPV between the
young and adult males. The differences between
ewes and rams, and ewes and male lambs were
statistically significant (P< 0.05). PDW values
were also higher in females than in males, but
the difference was not statistically significant
(P> 0.05). When relative volumes of PCT were
measured and examined statistically, values
were highest in lambs and lowest in ewes, but
the differences were not statistically significant
(P> 0.05). The hematological data obtained in
this study will contribute to form of the
reference values based on the age and sex of
Akkaraman sheep and will also provide
valuable clinical information (Figure. 1.).

Table 3. Macromineral levels of Akkaraman sheep

VetBio, 2021, 6(2), 130-141

Hematological Parameters
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Figure 1. Levels of hematological parameters in four
groups of sheep

The values of the iron levels for all groups
found statistically significant differences
(P<0.05) (Table 3).

Parameter (SI Unit) Female Lambs Male Lambs

P (mmol/L) 2,19+0,13 2,40+0,11 2,00+0,14 2,40+0,12 >0.05
Ca (mmol/L) 3,8+0,22 3,53+0,23 3,20+0,17 3,37+0,719 >0.05
Ca/ P Ratio 1,74 1,47 1,60 1,40

Fe (u mol/L) 22,46+1,11% 19,52+1,35P 24,25+1,40° 24,90+1,502 0,028

Differences between groups in the values of
Ca and P were not statistically significant
(P>0.05). There was no significant correlation
between ewes and rams and the values were
statistically insignificant. The Ca levels did not
show any significant differences between all
four groups. High Ca values detected in ewes
were not statistically significant compared to
the other groups.

Fe (umol/L)
30
25
20
15
10
5
0
Ewes Female Lambs Rams Male Lambs

Figure 2. Levels of Fe in four groups of Akkaraman
sheep

The highest Fe level was in male lambs. It’s
found that, ewes had higher Fe values compared
to female lambs, which had the lowest iron
levels measured (P<0.05) (Figure 2 and 3).

Macro Minerals
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25

15
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WP (mmol/L) «Ca(mmol/L)

Figure. 3. Serum Ca and P Levels in Akkaraman sheep
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DISCUSSION

Blood analyzes are the indispensable distinctive
pieces in identifying the health status and
following up the treatment in investigating
diseases in living beings. At this point,
determining the changes in the hematological
and biochemical values and mineral levels of
the Akkaraman sheep breeds will be very
important in terms of the diagnosis and
interpretation of disease in these animals as well
as the choice of treatment and the follow-up it.
Thus, our goal is to identify and present the
values for the some important and vital
hematological, biochemical parameters and
mineral levels of Akkaraman sheep raised in the
Aksaray region of Turkey. It is also a major aim
of the study to compare the data obtained in the
current study with previously identified
reference intervals for other sheep breeds.

As  mentioned earlier, the unique
biochemical blood profile can be influenced by
age, gender, nutrition, breed, species, metabolic
periods, and environmental and seasonal
conditions, which are reflected in its
biochemical structure (Cruz et al., 2017). Braun
and co-workers recommended that, because
there are many different breeds and breeding
systems in sheep, each laboratory specify their
own reference values and ranges. As a result,
there must be different reference ranges (Braun
et al.,, 2010). They and other scientists
suggested that seasonal impact is often difficult
to discern from a variety of misleading factors,
such as food supply and the reproductive
condition of female animals (Braun et al., 2010;
Yokus et al., 2004, and 2006; Yokus and Cakir,
2006). A study that appraised the physiological
alterations caused and influenced by age and
gender on biochemical variables in male and
female Dorper sheep at different ages. They
concluded that age has a significant influence
on the values of most biochemical parameters
of Dorper sheep aged 15 to 121 days, but that
there is no effect based on sex (Cruz et al.,

2017). In clinical biochemistry, monitoring of
fasting blood Glc levels in every biochemical
assay is crucial for tracking health-disease
states in all metabolic pathways, especially vital
tissues such as the liver. Similar to our study,
which we found the variability of glucose levels
depending on age and gender in all four groups
statistically significant, Durak et al. (2015)
demonstrated that the serum Glc levels of the
Zom sheep, were significantly lower in the
female group than those of male group
(P<0.05). Similarly, the researchers declared
that for Glc, they found significant differences
between groups of different gender and age
(Durak et al., 2015). In the current study, while
the Glc results were found to be within normal
limits for ewes and rams (Kaneko, 2008), they
were higher than in the studies performed in
different geographical regions, such as lIraq
(Fartosi et al., 2010) and Pakistan (Kiran et al.,
2012). It was declared that in a study on
Akkaraman sheep raised in the Ankara region
of Turkey (Altinsaat, 2001), the amount of Glc
in healthy ewes and rams was lower, than our
adult male and female sheep's glucose results.
The possible differences in Glc levels could be
attributed to age, gender, physiological and
endocrinological ~ changes, nutrition, the
individual metabolic activity of animals and
geographical differences (Braun et al., 2010;
Burtis et al., 2012; Carlos et al., 2015; Kaneko,
2008). Besides these, in three different studies,
performed in tropical regions, the biochemical
variables glucose and total cholesterol were
investigated. Compared with the current study,
Glc and Hb values were lower and cholesterol
levels were higher. Considering that these
studies were conducted in tropical regions, it is
understandable that their results are similar to
each other and differ from the results of our
study. It is certain that gender, geographical
distribution,  ecological and  geological
differences, nutritional properties and health
conditions can influence hemoglobin levels
(Bhat et al., 2014; Kiran et al., 2012; Pradhan,
2016). These values which were obtained in

ME L


https://www.ncbi.nlm.nih.gov/pubmed/?term=Yokus%20B%5BAuthor%5D&cauthor=true&cauthor_uid=15564654
https://www.ncbi.nlm.nih.gov/pubmed/?term=Cakir%20DU%5BAuthor%5D&cauthor=true&cauthor_uid=15564654
https://www.ncbi.nlm.nih.gov/pubmed/?term=Cakir%20DU%5BAuthor%5D&cauthor=true&cauthor_uid=15564654

studies conducted with different sheep breeds;
female Karakachan sheep (Stevanovi¢ et al.,
2015), Dalmatian pramenka sheep (without sex
and age differences, total mean) (Vojta et al.,
2011), Tsigai sheep (total mean values)
(Antunovi¢ et al., 2009) and female Lika
pramenka sheep (Vugrovecki et al., 2017) had
lower total protein, Alb and globulin values
than our results. The total protein and its
components measured in ewes in the current
study were higher than that in the studies
conducted in Adiyaman province, Turkey (Kurt
et al., 2008) and in Ankara, Turkey (Altinsaat,
2001). In another study the age of the sheep
affected the blood chol., trig., urea, crea., prot.,
and glob. values as well as the Alb
concentrations;  however, the difference
between the different age groups was not
significant (Carlos et al., 2015). When the
values of determined by Carlos et al., (2015) are
compared with our results; in ewes and rams,
Glc, tot. prot., alb and glob levels were lower,
whereas tot. chol., trig. and urea values were
higher. These all differences may due to
physiological variations between the breeds as
well as geographical distinctions between the
different  regions. Furthermore,  these
unsimilarities in the results probably stem from
also the different management conditions,
climates and nutrition levels of the animals
(Vugrovecki et al., 2017). The level of
cholesterol, a health indicator for many issues,
especially cardiovascular diseases, is the sine
qua non of the body (Bruss, 2008; Nelson, and
Cox, 2006). Literature information is
insufficient with region-specific prior studies of
Akkaraman sheep with triglyceride, total
cholesterol, HDL, and LDL cholesterol
parameters. In studies conducted in different
geographical regions, the overall mean values
of cholesterol were higher than in our study
whereas the overall triglyceride mean values
were lower (Fartosi et al., 2010; Kiran et al.,
2012). In the study conducted in seven different
districts of Adiyaman province, Turkey, the
overall mean values of lipid parameters were
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close to the current study regardless of gender
difference (Kurt et al., 2008). In the present
study, total bilirubin, urea and creatinine levels,
which are closely related to renal and hepatic
health, the circulatory system and fluid-
electrolyte balance, were also investigated in
Kurt's research (2008), while the overall mean
values of the urea levels were approximately the
same, and creatinine and total bilirubin levels
were lower, Altinsaat et al (2001), declared
lower levels of the overall mean values of urea,
creatinine and bilirubin. Because creatinine is
formed by the degradation of phosphocreatine
for energy release in skeletal muscle, the serum
creatinine is an important marker proportional
to the muscle mass (Kreutzer and Turk, 2008;
Meyer and Harvey 2004). In the current study,
creatinine was the highest in rams and generally
higher in males than in females, and these
differences were statistically  significant
(P<0.05). In the current study, bilirubin and
urea values were highest in rams. So,
Akkaraman adults had higher values of urea,
crea and bil than in lambs.

Examinations that complement physiological

findings and biochemical analyses are
extremely  important  for  veterinarians.
Descriptive and determinant biochemical

investigations carried out in animals raised in
different countries, or in different regions of the
same country, as well as clinical studies, also
provide useful information (Altintas and
Fidanci, 1993; Kaneko et al., 2008). These
mentioned parameters are used in diagnosing
diseases, revealing nutritional disorders, and
following up on treatments. They also help to
pioneer and assist in future research on these
animals. In this completed study, we observe
that some values can change with age, some can
differ by gender and some parameters can be
influenced by both. After all, when all
parameters are taken into consideration,
differences in region, breed, sex, age, season
and nutritional sources affect biochemical
values and can cause changes. The
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identification and monitoring of these
parameters reflecting the metabolic profile
show that animals’ homeostatic mechanisms
maintain blood composition at physiological
limits under different conditions (breeds,
species, regions, feed-nutrition regimes and age
and sex characteristics).

Identifying the biochemical and
hematological values of the Akkaraman sheep
breeds is crucial for the monitoring general
health status, diagnosis of diseases and also
choosing of the treatment and to follow this
cure. In a study conducted in Bangladesh,
obtained that hematological values found
significantly different between adult and lamb
and between male and female indigenous sheep,
respectively health, similarly with our results
(Rahman et al., 2018). In 2014, it’s determined
that the hemogram values obtained, which have
great regional and geographical differences,
nonetheless have approximate values (with the
exception of WBC). The mean WBC values
obtained in the current study were high when
compared to those in some other (Njidda et al.,
2014) and close to normal values in others
(Kaneko, 2008), considering both gender and
age differences (Celebi and Uzun, 2000).
Compared to some other studies, in our research
the hemoglobin values were higher in both
genders and at different age ranges (Kiran et al.,
2012). In present study, RBC values in rams
were higher than those obtained by Njidda et
al., whereas the values in the females were
close (2014). In a hematological study
performed in healthy Akkaraman Kangal lambs
in the Sivas region of Turkey, the RBC was
within the limits of the hemogram values (for
lambs) obtained in the present study, the WBC
was lower, and the HGB, HCT, MCV and PLT
were higher than this study's (Kockaya and
Ozsensoy, 2016). The MCV, MCH, MCHC
values found in this study were close to those of
some other studies carried out in Turkey. The
current HCT values were lower in different age
and gender groups as compared to the results

obtained from Tuj and Morkaraman sheep
(Celebi and Uzun, 2000). In our study, the HCT
values of four groups were close to each other
and similar to the literature (Kaneko, 2008).
Firstly, Vojta and co-workers (2011) and later
Simpraga and colleagues (Simpraga et al.,
2013) and lastly in 2017 (Vugrovecki et al.,
2017) presented a model study for reference
intervals of organically raised dalmatian
pramenka sheep by the robust method. In 2013,
it’s specified that, these sheep have special
hematological and biochemical reference ranges
which depend on the conditions, breeding, and
food supply, environmental and seasonal
influences. According to their findings, it
seemed some similarity of values with our
results. Although not statistically significant
some of our findings (WBC, RBC, HGB, HCT),
also differ between upper and lower limit of this
study (Simpraga et al., 2013). In the present
study, differences in RBC and PLT were found
to be significant only in sheep compared to
other groups (P<0.05). Significant differences
in MPV, MCV and MCH were found to be
especially in adults statistically significant (P <
0.05). Often, blood values are effecting by
many factors, genetic and non-genetic. As
already mentioned, all these diversities in
hematologic parameters may be due to maturity
of sheep, metabolism and hormonal differences
of sexes. And also depend on the feed, stress,
hormonal influence, and environmental status
(Vugrovecki et al., 2017). As Etim et al.,
pointed out, we also believe that it’s so vital to
build basic indicators for blood variables on the
basis of many factors and also perform further
researches to define all influences of these
factors on these (2014).

Many of the minerals are cofactors of vital
catalytic proteins in all metabolic pathways.
The most of trace minerals should also be
determined in ruminant animals to assign if
deficiencies, imbalances and toxicities are
present (Balamurugan, et al., 2017; Lopez-
Alonso, 2012; McDowell and Arthington,
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2005). Since marginal mineral deficiencies can
affect growth, development, reproduction, and
production and are not frequently diagnosed,
animals are considered to be equally as
important as mineral deficiencies in which they
show clinical signs that can be detected and
treated (Suttle, 2010). In our research, the Ca
and P values obtained are slightly higher, and
Fe values were found lower, than the general
reference values. In the study where iron,
calcium and phosphorus levels were examined
in Sivas-Akkaraman Kangal lambs without
discriminating sex, it was observed that in the
healthy control group had lower levels
compared to our study (Kockaya and Ozsensoy,
2016). Calcium and phosphorus values of our
groups were higher and iron levels were
observed lower, when compared to the study
conducted in Akkaraman sheep raised in the
districts of Adiyaman (Kurt et al., 2008). In
different studies comparing some biochemical
parameters of sheep, reported that calcium and
phosphorous values were lower than our study
and there were no statistical differences
(Angelov et al., 2013; Giirsu and Aygiin, 2014;
Stevanovi¢ et al., 2015; Stojkovi¢ et al., 2014).
As mineral deficiencies may influence all
metabolic  mechanisms  include  growth,
development and reproduction, they are evenly
important as mineral deficiencies in the most
living beings display clinical indicators that can
be defined and cured (Suttle, 2010). According
to these comparisons, it is clear how effective
the diet, the type and breed of the animal,
regional differences, seasonal differences and
lactation period and pregnancy (health status),
and also the gender differences are on blood
mineral levels (Rucker et al., 2008; Suttle,
2010).

CONCLUSION

It is especially important to know the values of
the blood parameters of indigenous breeds,
which form a critical component of the
economy of our country. Biochemical values
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obtained in breed studies and regional studies
are of great importance among the studies
complementing, supporting and strengthening
clinical findings. Detection and follow-up of
health status provides important information on
diagnosis, early diagnosis, etiology,
pathogenesis of disease, disease detection and
control of the selection and usefulness of
applied treatment methods to veterinarians
working in the field. It is significant to
determine the reference ranges of domestic and
region specific breeds' blood parameters, which
form a dominant and precious component of the
economy of our country. According to the
findings presented in the literature, there are
variations in the hemato-biochemical reference
values for Akkaraman sheep breed, (in Aksaray
region) compared to other countries and regions
and other sheep species. In sight of all these
evaluations, detect and determine the blood
values differences would further emphasize the
need to establish appropriate health baseline
values (physiological, hemato-biochemical,
metabolic, pathological, etc.) for livestock in
Turkey in establishing the physiological status
of farm animals. It is therefore important to
perform serum hemato-bio-chemistry and
mineral profiles in livestock in order to detect
and prevent imbalances that can lead to reduced
production and reproductive disturbances and as
a result, economic losses.

At this point, the identification, calculation
and use of biochemical reference intervals for
species variations in breed and region will be
the most useful. In this regard, we believe that
this study will aid and help to propagate future
research. In further, it is planned to make
researches with more detailed variables in order
to create reference intervals in the
hematological and biochemical blood values of
Akkaraman sheep.
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