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Abstract 
Thermal stress redistributes the body resources including protein and energy at the cost 
of decreased growth, reproduction, production and health. In this study, seasonal 
variations of body temperature, heart and respiratory rates, and level of serum cortisol 
and cholesterol were investigated in Karya sheep. Heart rate was significantly higher 
(P<0.05) in winter and significantly low (P<0.05) summer. The respiration rate was 
significantly higher (P<0.05) in summer and significantly (P<0.05) low in winter. 
Similarly, body temperature was significantly higher (P<0.05) low in spring and 
summer. Serum cholesterol and cortisol increase significantly (P<0.05) during 
summer. The studied parameters in Karya sheep may provide a baseline data for the 
future studies.  
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Introduction 
 

Tropical regions are characterized by high levels of 
solar radiation and environmental temperature which 
may adversely affect animal production (Castanheira et 
al., 2010; Alhidary and Abdelrahman, 2016). 
Environmental factors affecting the animals’ survival 
activities and their productivity are extremely various. 
It is a concrete reality that providing a change in 
climatic conditions in a desired way is almost 
impossible. However, it is possible to take some 
measures to reduce any adverse effects of the 
conditions on animals. Temperature, thought to be rated 
in the first place among climatic conditions, is directly 
effective on the animals’ performance. The thermal 
comfort zone for sheep ranges from 15 to 30ºC, and the 
critical temperature is above 35ºC (Baêta and Souza, 
2010). Divergences from this range upward or 

downward start to create problems to some extent. In 
general, high temperatures are more effective than low 
temperatures. The effect of high temperature is also 
related to another climatic factor, the relative humidity. 
Being kept in conditions beyond normal rates creates 
stress in animals. Different stress factors lead to a 
change in homeostasis and metabolism, and affect the 
productivity of the animals (Cengiz and Yalcin, 2001). 
The stress on animals created by changing weather 
conditions could be defined in different ways. In these 
definitions, rectal temperature, respiratory rate, and 
heart rate are the most common physiological parameters. 

In this study, physiological changes in the sheep 
due to seasonal conditions were examined in Karya 
(Chios x Kivircik crossbred) sheep. For this purpose, 
seasonal changes of body temperature, heart rate and 
respiratory rate, and serum cortisol and cholesterol 
levels were investigated. 

 
 

*Corresponding author: Murat Yılmaz, Adnan Menderes University Faculty of Agriculture, Department of 
Animal Science, Aydin-Turkey; E-mail: myilmaz@adu.edu.tr; Tel.: +90 256 7727023



                                                                                                Res. Opin. Anim. Vet. Sci., 2016, 6(3): 89-95. 

 

 90 

Materials and Methods 
 

Animals 

This study was conducted on total 24 Karya 
(Kivircik x Chios Cross Breed) sheep, 16 ewes and 8 
rams, having average 10 months. Neither the ewes nor 
the males had had any mating activities beforehand. 
Through the study period, the animals were kept in a 
half-covered sheep pen. During the study, food and 
water were provided ad libitum. They were tried to be 
grazed throughout the year as much as the conditions 
were suitable.  
 

Temperature and humidity measurement 

By means of a Hobo U12 model device fixed in the 
pen, the data on ambient temperature and relative 
humidity was recorded throughout the year. In addition 
to these, Temperature-Humidity Index (THI) was 
calculated according to the equation below, using the 
average temperature and relative humidity values at the 
pre-mentioned time zones (Marai et al., 2007):             
THI = db ˚C− {(0.31−0.31RH) (db ˚C−14, 4) 
db=dry thermometer temperature (˚C),   RH= Relative 
Humidity (%) and is accepted that; 
If THI< 22.2, then it means no thermal stress; 
If 22.2< THI < 23.3, then it means a moderate thermal 
stress; 
If 23.3<THI <25.6, then it means a severe thermal 
stress. 
If 25.6≤THI, then it means an extremely strong thermal 
stress.  
 

Experimental design 
The data were planned to be collected between 10th 

and the 15th days of September, January, April, and 
July. The winter season encountered a period in which 
the animals were in cold environmental conditions, the 
spring and the fall encounter periods in which they 
were in the comfort zone, and the summer encounters a 
period when the thermal strain was at the maximum 
level. In this frame, measurements related with rectal 
temperature, heart rates and respiratory rates were taken 
in the afternoon between 14.00 and 16.00, and 10 ml 
blood samples were taken from the jugular veins on 
each animal’s neck. Heart and respiratory numbers 
were taken via a stethoscope. Rectal temperature was 
determined from the rectum using a digital thermometer.  
 

Blood samples and hormones assay procedure 

Blood samples were taken from the jugular vein 
and centrifuged at 3500 rpm for 15 minutes. Serum was 
stored at – 20°C until analysis.   

Commercial kits were used for the determination of 
cortisol (CSB-E17045Sh: Cusabio Biotech, China) and 
cholesterol (Archem A2091, Istanbul, Turkey) using a 
spectrophotometer (UV-1601, Shimadzu, Japan). 

Data analysis 

The statistical analyses of the above mentioned 
characteristics, by taking season, sex and live weight 
factors into consideration, were done according to Data 
Model, Repeated with Proc Mixed Procedure using R 
core team (2014). 
 

Results  
 
Climatic data 

Regional study is under the effect of a 
Mediterranean climate. The summer is hot and dry, and 
winter is mild and rainy in this province. The data 
related to the temperature and relative humidity values 
in the pen on monthly base and on the days and at the 
times when the measurements were taken were 
summarized in Table 1. 

As seen in Table 1, monthly average temperature in 
the pen was 4 or 5 degrees higher than the July 
averages given for Aydın for quite a long period (1960-
2012) (DMI, 2013). When the temperature was 
evaluated together with the humidity, it is observed that 
the THI value in the fall, winter, and spring is not to 
create a thermal stress. However, it can be seen that 
THI in July in the summer is at a level to create extreme 
thermal stress (Marai et al., 2007)   
 

Physiological parameters  

As seen in Table 2, heart rate and the body 
temperature according to season changed quite 
significantly (P<0.01), as well as the respiratory rate 
significantly (P<0.05). The factors did not display a 
significant difference between the males and females.  
In this study, it was found that the average number of 
heart rate, respiration rate and body temperature were 
114.56, 55.78 and 39.40 per minute respectively.  
According to the season, the lowest heart rate and the 
highest respiratory rate were observed in the summer. 
 

Serum cortisol and cholesterol levels 

The evaluation results related to the seasonal 
changes of the serum total cholesterol and cortisol 
levels are given in Table 3. 

In Karya yearlings, both cholesterol and cortisol 
levels showed differences according to seasons. During 
the summer season, the cholesterol and cortisol levels 
were significantly high. On the other hand, the lowest 
cortisol levels were in the falls, while there were not 
significant differences between the other seasons for 
cholesterol levels. 
 

Discussion 
 

One of the most significant findings in our study is 
that the heart rate was the lowest during the summer 
season while the respiratory rate was the highest. The 
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reason for that was the fact that the animals exposed to 
high temperature during the summer season preferred to 
remain motionless which led to slower heart rate. The 

highest respiratory rate is the result of one of the body-
cooling mechanisms of the animals. The respiratory rate 
is one of the physiological parameters displaying the 

 
Table1: Climatic parameters in the research unit  

Seasons Av.Temp. (oC) Min. Temp. (oC) Max. Temp. (oC) Av. Hum. (%) THI 
Fall      

September  17.8 6.7 27.4 56.9 17.2 
Control Day  12.6 7.2 18.4 55.7 12.8 
Control Hour  18.0 - - 38.4 17.3 

Winter      
January  7.4 -2.0 15.5 73.3 8.0 
Control Day 8.5 7.6 9.7 81.6 8.9 
Control Hour 9.5 - - 81.3 9.8 

Spring      
April  18.8 8.7 31.2 61.7 18.2 
Control Day 16.7 12.2 23.0 68.9 16.5 
Control Hour 22.6 - - 52.5 21.4 

Summer      
July  32.4 21.8 42.8 43.8 29.2 
Control Day 33.9 24.3 41.1 33.1 29.8 
Control Hour 40.8 - - 20.6 34.3 

 
Table 2: Descriptive statistics of physiological parameters and least square means           

Least Square Means Classification N Heart Rate 
(Pulse/min) 

Respiration 
(Breath/min) 

Body Temperature 
(oC) 

Sex     
Male 32 123.77±8.06 63.84±9.27 39.21±0.14 
Female 64 109.95±4.32 51.74±4.96 39.49±0.07 
Season  ** * ** 
Fall 24 118.99±4.41b 54.57±5.07bc 39.45±0.07b 
Winter 24 143.72±3.70a 45.93±4.26 c 39.65±0.06a 
Spring 24 114.28±4.88b 60.15±5.61ab 39.21±0.08 c 
Summer 24 90.45±6.94 c 70.52±7.98 a 39.09±0.12c 

Reg (lin.)     
Live weight (kg)  0.824± 0.454 0.945±0.522 0.076±0.008 

Descriptive Statistics Average 96 114.56 55.78 39.40 
Minimum 96 60.00 32.00 38.70 
Maximum 96 168.00 160.00 40.40 
SD 96 26.42 22.48 0.34 
VK (%) 96 23.06 40.30 0.87 

*: P<0.05; **: P<0.01; a, b,c: The difference among means carrying a different letter is significant. (P<0.05) 
 
Table 3: Descriptive statistics and the average least square means for serum total cholesterol and cortisol  

Least Square Means Classification N Cholesterol (mg/dl) N Cortisol (ng/ml) 
Sex 

Male 32 61.43±9.74 31 376.13±35.66 
Female 64 80.75±5.22 53 319.66±21.25 
Season  *  ** 
Fall 24 62.98±5.33 b 22 171.94±20.62 d 
Winter 24 61.74±4.48 b 22 308.89±16.28 c 
Spring 24 70.03±5.90 b 21 384.68±22.15 b 
Summer 24 89.60±8.39 a 19 526.05±30.40 a 

Reg (lin.)     
Live Weight (kg)  0.648±0.549  0.014±2.105* 

Descriptive Statistics Average 96 74.31 84 337.06 
Minimum 96 34.51 84 84.73 
Maximum 96 148.80 84 620.14 
St. deviation 96 25.01 84 125.39 
VK (%) 96 33.65 84 37.20 

*: p<0.05;  **: p<0.01; a, b, c, d: The difference between the averages carrying different letters in a factor is significant (p<0.05). 
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adaptation of the animals to the environment in which 
they live. When the animals are exposed to an 
environmental temperature over or below the comfort 
range, the first reaction they give is the increase in the 
respiratory rate (Koylu, 2009). Similarly, pulse rate, 
which is the reflection of the blood circulation, 
generally rises in high environmental temperature. This 
provides more heat to be removed from the body, 
increasing the flow of blood from the cells towards the 
surface in felt or unfelt ways.  Pulse rate has sometimes 
been determined to have decreased due to a reduction in 
the speed of the metabolism in extremely high 
temperature (Marai et al., 2007). However, some other 
studies done have shown that high environmental 
temperature does not change the pulse rate (Koylu, 
2009).  

Ceyhan et al. (2006) found highly significant 
effects of month and time (morning and evening) on 
heart and respiratory rates and on the body temperature 
in a study they conducted on Kivircik, Black headed 
German Meat Sheep, F1 (SBA x Kivircik and G1 (SBA 
x F1) sheep. Marai et al. (2007) also compiled via 
different research findings that these characteristics 
changed due to seasons (summer and winter) and 
different times of the day (morning and afternoon). As 
for a study conducted on goats (Kayabasi, 2011), the 
effect of season on the same parameters was found 
significant in Cukurova Saanen and Balcali genotype 
yearling goats. Generally, the heart rates in the fall, 
winter, spring and summer seasons were 118.99; 
143.72; 114.28; and 90.45 per minute respectively. It 
was interesting to measure the lowest heart rate in the 
summer and the highest in the winter. The heart rate 
generally increased in high environmental temperatures 
was stated by Marai et al. (2007) based on many 
research findings. However, in extremely high 
temperatures, it was also remarked in the same study 
that the heart rate could be diminished due to the 
reduction in the metabolic speed. Furthermore, Aharoni 
et al (2003) also proposed that the animals reduced their 
heart beats to reduce their heat load. In addition to 
these, there were also statements claiming that there 
was not a positive relation between the temperature and 
heart rate (Al-Haidary, 2004). Ceyhan et al. (2006) 
determined the highest heart rates in the winter season 
in a study they conducted on different genotypes. In this 
study, the researchers found heart rates 79.3 in January, 
77.4 in April, 73.1 in July, and 72.5 in September. On 
the other hand, Kayabasi (2011) reported that heart 
rates were higher in June than in April and February in 
Cukurova Saanen and Balcali yearling goats. In Karya 
yearling sheep, the average heart rate per minute was 
found 114.56. Demiroren et al. (2002) found the heart 
rates as 92.50 in Tahirova sheep, 93.50 in Sakiz sheep; 
and 97.75 in Sonmez lambs under extreme temperature 

stress (40-42oC).  These results were in harmony with 
the results found for the summer season in our study. 
Ceyhan et al. (2006) reported that heart rates per minute 
were generally 78.6 in Kivircik sheep,  75.4 in Black 
Headed German Meat Sheep, 76.3 in F1(SBA x 
Kivircik sheep, and 77.4 in G1(SBA x F1) sheep.  Not 
only these estimations but also the values that Marai et 
al. (2007) compiled for different genotype sheep in 
different conditions are lower than the values found in 
this study. In Table 2, it can be seen that the respiratory 
rates per minute in the fall, winter, spring and summer 
are 54.57; 45.93; 60.15; and 70.52 respectively, and 
that they reduce from the fall towards the winter, but 
increase in the spring and summer, and reach their 
climax in July. The seasonal change on the number of 
respiration was as expected and in harmony with the 
change in environmental temperature. It was observed 
that the more the ambient temperature raised, the more 
the respiration rate increased in the sheep in order to 
balance the thermal stress. Throughout the summer 
season, the thermal stress was characterized with the 
increased in the respiratory rate, and it was found to be 
higher in the summer in respect with the winter (Marai 
et al., 2007). Srikandakumar et al. (2003) reported that 
respiratory rate per minute in Omani and Australian 
Merino sheep increased in hot conditions and was 50 
and 34 in December, and 128 and 65 in July. On the 
other hand, Ceyhan et al. (2006) found that respiratory 
rate in Kivircik, Black Headed German meat sheep, F1 

(SBA x Kivircik) and G1(SBA x F1)  sheep was 81.5 
breaths/min maximum in August, when the temperature 
was high and minimum 48.8 breaths/min in December, 
when the temperature was low.  Kayabasi (2011) 
observed that the respiratory rate in Saanen yearling 
goats generally increased in February, April and June 
together with the increase in temperature. Respiratory 
rate was found to be 63.84 breath/min in male and 
51.74 breaths/min in females. It can be said that 
respiratory rate was higher in males than in females 
even though the effect of sex on respiratory rate was 
insignificant. In Karya yearlings, respiratory rate per 
minute was 55.78. The average RR per minute in 
Tahirova and Sakiz sheep was measured as 58.8 and 
65.1 respectively (40-42oC ambient temperature) by 
Demiroren et al. (2002). In Kivircik, Black Headed 
German meat sheep, F1 (SBA x Kivircik), and G1 (SBA 
x F1) sheep quite similar values were determined like 
by Ceyhun et al. (2006). 

In Karya yearlings, body temperature in the fall, 
winter, spring and summer was found as 39. 45, 39.65, 
39.21, and 39.09oC respectively. It can be seen that the 
body temperature is high in the winter but low in the 
spring and summer. Ceyhan et al. (2006), as in this 
study, found the body temperature high in the winter 
and in the first months of the spring than in the summer 
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months in their study. In contrast with the proposals 
above, Marai et al. (2007) reported that the rectal 
temperature was lower in the winter than in the summer 
months. Srikandakumar et al. (2003) determined the 
rectal temperature in Omani and Australian Merino 
sheep as 39. 5 and 39.0oC respectively in December, 
and as 39.8 and 39.7oC, respectively in July. They also 
emphasized that rectal temperature increased with the 
thermal stress. Kayabasi (2011) too determined that the 
rectal temperature rose in goats in the spring and 
summer seasons. 

Generally, the average body temperature in Karya 
yearlings was found as 39.40oC. Demiroren et al. 
(2002) recorded the rectal temperature in Tahirova, 
Sakiz  and Sonmez genotypes as 39.81, 39. 97 and 
40.30oC, respectively at 39-40oC ambient temperature.  
Ceyhan et al. (2006) found the average body 
temperatures as 39.05, 38.99, 38.93 and 39.03oC in 
Kivircik, Black Headed German meat sheep, F1 (SBA x 
Kivircik) and G1(SBA x F1)  sheep respectively. When 
the previously determined information for the rectal 
temperature ranging between 38.3- 39.9oC in thermo-
neutral conditions (Marai et al. 2007), and the findings 
of the studies presented above were taken into account, 
it could be said that the obtained values were within the 
natural ranges. Karya sheep can be said to be able to 
keep their body temperatures in normal values even in 
high temperatures, and their thermal tolerance to be 
high.                            

When estimated in connection with the seasons, 
cholesterol and cortsol levels during the summer season 
were found significantly high in this study. This 
indicates an important exposure to high temperatures 
creating stress in the summer season. Cortisol is a 
reliable physiological index of stress in sheep. In cattle 
(King et al., 2006: Curley et al., 2008) and in sheep 
(Pajor et al., 2010), restless nervous animals have 
greater cortisol concentrations. These results suggest 
that more temperamental ewes had higher baseline 
cortisol concentrations (Pajor et al., 2010). The increase 
in the cortisol secretion in an animal is the best reaction 
that an animal gives to stress conditions. Cortisol 
secretion stimulates physiological mechanisms that will 
provide resistance to stress in the animal caused by hot 
conditions. Plasma cortisol level could increase in 20 
minutes following the entrance into acute thermal 
stress, and could reach to its highest level in 2 hours. 
Cortisol increases over basal level, which is an 
indicator of having been exposed to a thermal load 
chronically, is the indicator of the animal’s being in 
stress. On the other hand, in case of a decrease in the 
plasma cortisol activity under chronic thermal stress, it 
is accepted that the animal has adapted to stress factor 
(Silanikove, 2000). Even though the cortisol level is a 
useful physiological parameter to define acute stress in 
sheep, it is stated that it is not the same meaningful as 

that in defining chronic stress (Jaber et al., 2004). In 
order to define the reactions the animals performed 
against stress factors, such as changes in environmental 
temperature, being kept in cages, water restriction, and 
transport, serum cholesterol levels in biochemical 
parameters have also been the subject of some studies 
(Cengiz and Yalcin, 2001; Rajion et al., 2001; Nazifi et 
al., 2003; Jaber et al., 2004; Yokus et al., 2006; 
Casamassima et al., 2008). In a study conducted in the 
east of Turkey, blood cholesterol level in Sakiz x Ivesi 
crossbred sheep was found higher in September and 
July than in January and April (Yokus et al., 2006). An 
increase was noticed towards the summer for the fall. 
Nazifi et al. (2003) reported that in Fat-Tailed Iranian 
Sheep maintained in cold (4oC), optimum (21oC) and 
hot (40oC) environments, cholesterol was 1.85, 1.42 
and 1.46 mmol/l, respectively, and cortisol was 16.56, 
10.76 and 19.32 mmol/l respectively, and that cortisol 
was high in cold conditions; however, cholesterol was 
high in both cold and hot conditions. Rasooli et al. 
(2010) found cortisol levels as 1.20 and 0.85 in the 
male yearlings kept in external conditions (31-50oC) 
and in internal conditions (26-32oC), and emphasized 
that the cortisol level increased at a significant rate 
from June till October in the animals particularly kept 
externally in a hotter environment. In a study conducted 
to define the effects of multiple stress factors (extreme 
temperature, provender shortage and walk) on Malpura 
Sheep (Sejian et al., 2013), cortisol level was reported 
to have risen. Pajor et al. (2013) found that an increased 
temperament score, through the higher cortisol 
concentration, has a great effect on the lambs' energy 
metabolic profile, which influences the fattening 
performance. Yokus et al. (2006) found in the east of 
Turkey that the cholesterol levels in September, 
January, April and July were 65.95, 55.86; 54.04 and 
69.04 mg/dl, respectively in Sakiz x Ivesi hybrid sheep 
and blood cholesterol level was 67.00; 55.58; 56.50 and 
68.42 mg/dl in barren sheep in September and July.   
 

Conclusion  

The variation in heart rate according to the seasons 
was against the general expectations. This could be 
interpreted as the pulse rate could diminish in extremely 
high temperatures due to the decrease in metabolic 
speed. The respiratory rate was found higher in the 
summer, owing to the rise in temperature. Rectal 
temperature was found within the rates defined for 
sheep. It could be concluded that Karya type yearlings 
could maintain their body temperature in balance 
against the altering environmental temperatures and 
could adapt to changing seasonal conditions. Serum 
cholesterol and cortisol level were determined higher in 
the summer with respect to the other seasons. The result 
of this study could provide the baseline data for future 
research.  
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