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Abstract

In study, it was aimed to determine the stress effects that can be caused by transporting and

altitude in sheep. Karayaka sheeps were used in the study. Karayaka sheeps are a valuable

breed of meat quality and fleece, which is raised in the Black Sea region. The live weight of

the sheep (n = 30) while hungry was determined before transport and sea level. Average

live weight was determined as 55.64 ± 4.66 kg. Blood samples were collected just before

(sea level) and just after transport (1500 meters above sea level). Transportation distance

was approximately 182 km and duration was 5 hours. According to the findings, cortisol was

not affected by transport stress and altitude (P>0.05) and Triiyodotironin (T3) (P<0.039) and

Tyrosine (T4) (P<0.000) were affected significantly. Malondialchehyche (MDA), which is

one of the oxidative stress parameters, was significantly affected (P<0.039) and Protein

Carbonyl (PC) values were not affected by transport and altitude (P>0.184). As a result of

this study, it was determined that transportation and altitude in sheep causes stress. Stress-

reducing measures should be taken in the exposure of sheep to altitude differences and in

transportation. Antioxidant nutritional supplements should be made in order not to nega-

tively affect the meat quality in sheep.

Introduction

Sheep breeding has an important place in meeting the meat demand in developing countries.

Accurate estimation of body weight, easy application, and the adoption of low-cost biometric

measurements and equations are important tools for sheep farmers that allow them to estimate

the live weight of animals and the production capacity of their carcasses [1]. The protection of

Karayaka sheep, which is one of the domestic sheep breeds, as a genetic resource is necessary

in terms of sustainable production [2]. Meat yield and quality parameters in Karayaka sheep

vary depending on the feeding system applied until slaughter [3].
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There are many effects that cause stress in sheep breeding. These are veterinary procedures

(vaccination, surgical intervention, treatment and blood tests), animal breeding practices

(weaning, shearing, nail cutting, numbering), adverse weather conditions (extreme heat and

cold) and malnutrition [4]. In addition, during the transportation of animals, bad road condi-

tions, driving performance of the drivers, transportation vibration, road length, climate, lack

of water and food can cause stress in animals. Stress can cause biochemical and physiological

effects in animals [5–9]. In the metabolic processes in the cells of aerobic organisms, toxic free

radicals appear during the reduction of oxygen to water. Free radical sources in living systems

can emerge during the organism’s own metabolism, or they can enter the living organism in

various ways. Free radical types can become stable by taking electrons from molecules such as

lipids, proteins, carbohydrates, nucleic acids [10]. Although free oxygen radicals play a role in

very important processes such as mitochondrial respiration, platelet activation, leukocyte

phagocytosis and prostaglandin synthesis, they have toxic effects on lipids, proteins, DNA and

carbohydrates. Therefore, it can cause structural and functional disorders in cells [11, 12]. Free

radicals cause lipid peroxidation in lipids [13], resulting in membrane damage. One of the

products formed because of free radicals peroxidation two or more unsaturated fatty acids in

lipids in cell membranes is MDA. This molecule is an indicator of oxidative degradation and

tissue damage of lipids. Because of protein oxidation is formed in end products such as protein

carbonyl, oxidation of nitro tyrosine and thiol groups. These products are indicators of protein

oxidation [14, 15]. They react physiologically to the changing environmental conditions.

These reactions occur in the form of differences in body temperature, T3, T4 hormone levels,

respiratory and pulse rates [16]. It has been reported that there is a great increase in cortisol

and prolactin concentrations at the beginning of the journey during transportation in sheep

and changes in hormone release within the first 3 hours of the 15-hour journey [17]. Minimiz-

ing the stress that may occur during the transportation of animals is important for animal

health and meat quality. Therefore, reducing stress in animals will prevent economic losses for

the breeder [6, 18–20]. The productivity of sheep is affected by hypoxia and oxidative stress at

high altitudes due to altitude difference. The development and functions of the corpus luteum

can be affected and the reproductive performance of sheep may be reduced at high altitudes

[21]. It was determined that the red blood cells of sheep and goats raised at high altitude (over

1000 meters) were higher than those raised in low altitude regions, and it was determined that

age, gender and altitude affect the morphology of red blood cells [22].

Sheep breeding in the coastal region of the Black Sea region is carried out in certain periods

of the year as a migration to the plateau. Migration to plateau takes place twice a year in the

region. Altitude and distance are quite high between at the sea level and the plateau. Two

methods are used to transportation the sheep to the plateau. First method, the sheep is trans-

ported by walking. The second method is transportation by transport. In recent years, mostly

trucks have been used for transporting sheep to plateau. Environmental impacts such as trans-

portation conditions of the sheep, engine noise, movement and stopping of the sheep during

the transportation with the truck can create stress in the sheep. With this research, the physio-

logical effects and oxidative stress effects that may occur in sheep transport and altitude were

tried to be determined. This study is important to give an idea to minimize the negative effects

that may occur with transport and altitude in sheep.

Materials and methods

Animal material

Karayaka sheeps were used in the study. Karayaka sheep is usually bred (Ordu, Giresun, Sam-

sun, Sinop and Tokat provinces) in the Black Sea Region. It constitute 4.61% of the total sheep
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population in Turkey [23]. Karayaka sheeps are breeds in terms of fleece and meat yield. It has

high meat quality and low litter size. However, twin birth rate increased when the choice was

made over twinness [24]. Slaughter weight is approximately 40–45 kg depending on slaughter-

ing age and feeding type in lambs [25]. Live weight gain in Karayaka lambs can be increased by

improving protein-energy intake and animal welfare [26].

The sheep pen where the research will be applied, was decided. It is aimed to determine the

stress effects that may occur during by transport to the Perşembe plateau (1500 m-40˚37’ N

37˚17’E) of Karayaka sheep. They are transported from Tekkeköy (sea level-41˚09’N 36˚29’E)

to the Perşembe plateau as of the end of April and the first weeks of May in the Black Sea

region. For this reason, the necessary materials for the research were taken and the study

started on May. The livestock farm in Tekkeköy where the sheep are located, has been visited.

It is a settlement in Samsun province (Samsun-air temperature 27˚ C-Humidity 70%). The

sheep were transported to the Persembe plateau (17˚C-Humidity 28%) at 1500 altitude above

sea level. It is located in Aybastı district of Ordu province. Both places are located in the north

of Turkey and the Black Sea climate is dominant (winters are cool and humid and summers

are warm and humid). The transport distance is approximately 182 km. A truck was used to

transport the sheep. A total of 30 healthy Karayaka sheep (approximately 2 years old) were

used. The sheep of same age were selected and their ear numbers were recorded. They were

marked with harmless paint. In the research, only female animals were used. Weighing was

carried out early in the morning while the animals were hungry and before transportation (sea

level). Feed and water were given before transport in the sheep. The feeding arrangement

applied by the breeders has not been changed. The sheep are placed in the compartments sepa-

rated in the transport in order to prevent accumulation in the transport. The transport stopped

every 2 hours and the condition of the sheep was checked. They were transported by truck for

5 hours. Average speed of the truck was 46 km/h. Feed and water were not given during

transportation.

It did not apply any action that could effect the health of the sheep in the study. They con-

tinued to be housed by the breeder for future use.

Blood sampling, biochemical parameters and hormone monitoring

Blood samples were collected from each weighed animal for biochemical parameter and hor-

mone analysis. These treatments were carried out two times, before the sheep were put into

the transport (sea level) and after the transportation (1500 m) was completed. The sheep were

rested after transport (1500 m). Blood samples were taken again. 10 ml of blood samples were

taken from each sheep’s jugular the vein [16]. The blood samples taken into gel biochemistry

tubes were centrifuged for 10 minutes at 3000 r.p.m after approximately 30 minutes of waiting

time and their serums were separated. The collected serum samples were dispensed into 1.5 ml

Eppendorf tubes. The collected blood samples were quickly kept in ice pack with car refrigera-

tor and sent to the laboratory and stored at -24 ˚C. Separated serums were sent to Ankara

Düzen Laboratory for T3, T4 and Cortisol hormone analysis and analyzes were performed

(ECLIA (Roche)) and the results were obtained. The blood samples taken were sent to Ankara

Düzen laboratory in cold chain.

MDA and PC values of oxidative stress parameters in sheep were analyzed by using Sheep

Malondialchehyche Elisa Kit (English Instruction-enzyme-linked immunosorbent assay- Cat-

alogue No:201-07-0086) and Sheep Protein Carbonyl Elisa Kit (English Instruction-enzyme-

linked immunosorbent assay-Catalogue No: 201-07-0098). MDA and PC were analyzed in

Ordu University Medical Faculty Biochemistry Laboratory and their results were obtained.
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Data analysis

The normal distribution control of the data was checked with the Kolmogorov-Smirnov test.

Homogeneity control of group variances was done by Levene test. Introductory statistical val-

ues of variables (property = variable) such as mean, standard error, standard deviation, coeffi-

cient of variation, minimum and maximum values were calculated. Paired t test was applied

and Pearson correlation test was performed to determine the relationships between the vari-

ables. The significance level (α) was taken as 5% in calculations and interpretations.

The method applied in the research is specified in the address given. https://protocols.io/

view/biometric-parameters-blood-sampling-biochemical-pa-bq7bmzin The data obtained

because of the study can be accessed at the address given. 10.6084/m9.figshare.13603280.

Ethics statement

This research was found in accordance with the ethical principles and rules according to the

decision number 10 taken by Ordu University Animal Experiments Local Ethics Committee at

its meeting number 03 dated 19/07/2018.

Results and discussion

The study was carried out in line with the scope and purpose specified in the project. The

method was applied as decided in the project proposal and data were obtained. Sheep were

weighed while hungry before the transport (sea level). As a result of the statistical analysis of

the data, the average overall body weight for sheep (n = 30) was 55.64 ± 4.66 kg (Table 1).

It was found that cortisol hormone was not affected by transport and altitude in the sheep

(P = 0.504). However, it is seen that the cortisol values are similar at the time of measurement.

T3 hormone was significantly affected (P<0.039) and T4 hormone was highly significantly

affected (P<0.001) (Table 1). After the Karayaka sheeps were brought to the plateau (1500 m),

the hormone T3 and T4 levels increased. The air temperature of the plateau is lower than the

sea level. The findings are consistent with the report that the hormones T3 and T4 increase

with decreasing temperature and altitude. The expected increase in cortisol level was not

occur, but an increase in T3 and T4 hormone levels was occurred. MDA, which is an indicator

of lipid peroxidation, was significantly affected by oxidative stress parameters (P<0.039)

(Table 2). While the MDA level is expected to increase as a result of oxidative stress after

Table 1. Hormone levels at different times in sheep (Cortisol, T3 and T4).

Traits Sampling time n Mean Standard Deviation Standard Error Minimum Maximum

Body Weight (kg) Before transport (sea level) 30 55.64 4.66 0.85 43.50 65.10

Cortisol μg/dL Before transport (sea level) 30 5.29 1.79 0.33 1.68 8.04

After transport (1500 m) 30 5.01 2.38 0.43 1.50 10.60

P 0.504

T3 ng/mL Before transport (sea level) 30 2.02 0.46 0.08 1.45 3.47

After transport (1500 m) 30 2.34 0.63 0.11 1.31 3.75

P 0.039�

T4 μg/dL Before transport (sea level) 30 7.46 1.07 0.20 5.87 9.76

After transport (1500 m) 30 9.57 1.75 0.32 6.89 13.56

P 0.000��

�,P<0.05;

��,P<0.01

https://doi.org/10.1371/journal.pone.0244911.t001
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transport (1500 m), it was found to be 1.80 nmol/L lower than the value before the transport.

There were no statistically significant changes in protein carbonyl levels (P = 0.184). However,

while it is expected to increase with by transport, it was found 8.34 ng/ml lower than the PC

level before the transport. According to these results, the fact that the level of MDA and PC

before the transport (sea level) was higher than after transport (1500 m) shows that the sheep

were also exposed to different stress factors before transport (sea level). Before transport, It

was an extremely hot environment even though it was May in Black Sea Region. It can be said

that Karayaka sheep are more sensitive to heat stress. It was observed that stress increased in

sheep with the effect of humidity and temperature especially at sea level. In this direction, rec-

ommendations were made to improve the pen conditions of the breeder. A very significant

(P<0.01) correlation was found between the values of MDA, protein carbonyl-1 and protein

carbonyl-2 before the transport.

The changes of cortisol hormone before (sea level) and after transport (1500 m) were graph-

ically given (Fig 1). As seen in Fig 1, in some animals, while cortisol level increases due to

transport, it is seen that it is generally close to before transport (sea level). This situation indi-

cates the presence of other stress factors in the pen conditions. Weather heat in the pen may

have increased the level of cortisol in sheep.

The changes of T3 hormone before (sea level) and after transport (1500 m) were graphically

given (Fig 2). It is seen that the hormone T3 in Fig 2 increased after transport (1500 m) accord-

ing to the pen conditions (sea level).

Table 2. Biochemical parameters at different times in sheep (MDA and protein carbonyl).

Traits Sampling time n Mean Standard Deviation Standard Error Minimum Maximum

MDA (nmol/L) Before transport (sea level) 30 9.57 3.34 0.61 4.75 16.74

After transport (1500 m) 30 7.77 2.75 0.50 3.90 13.98

P 0.039�

PC (ng/mL) Before transport (sea level) 30 103.29 37.12 6.78 38.30 168.94

After transport (1500 m) 30 94.95 39.77 7.26 38.06 182.04

P 0.184

�, P<0.05

https://doi.org/10.1371/journal.pone.0244911.t002

Fig 1. Cortisol hormone change graph in sheep.

https://doi.org/10.1371/journal.pone.0244911.g001
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The changes of T4 hormone before (sea level) and after transport (1500 m) were graphically

given (Fig 3). It is seen that the hormone T4 in Fig 3 increased after transport (1500 m) accord-

ing to the pen conditions (sea level).

As seen in Table 3, cortisol hormone level was found a significant correlation between the

before transport (sea level) and after transport (1500 m). There was a significant (P<0.05) cor-

relation between T3 and T4 hormone before transport and a significant (P<0.01) correlation

between T3 and T4 hormone after transport. A very important (P<0.01) correlation was deter-

mined between before transport (sea level) T4 hormone and T4 hormone after transport (1500

m).

The changes of MDA before (sea level) and after transport (1500 m) were graphically given

(Fig 4). Fig 4 shows that the MDA value, which is an indicator of lipid peroxidation, has signif-

icant differences before transport (sea level) and post-transport (1500 m) values. It is seen that

Fig 2. T3 hormone change graph in sheep.

https://doi.org/10.1371/journal.pone.0244911.g002

Fig 3. T4 hormone change graph in sheep.

https://doi.org/10.1371/journal.pone.0244911.g003
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the results obtained before transport (sea level) are higher than the findings obtained after

transport (1500 m).

The changes of protein carbonyl before (sea level) and after transport (1500 m) were graphi-

cally given (Fig 5). In Fig 5, it can be seen that the findings obtained before the transport (sea

level) are higher than the findings obtained after the transport (1500 m).

In one study, it was determined that cortisol release increased (P<0.02) in the first 3 hours

exposed to transport stress, and then decreased. The cortisol concentration was found to be

5.4 nmol l-1 in the sheep pen [17]. The cortisol (ng/ml) hormone in the before and after trans-

port was determined as 66.421, 255.23 in Morkaraman sheep and 38.954, 104.87 in Imroz

sheep, respectively. Cortisol increased after transportation in both races [27]. In Karayaka

Table 3. Correlations between hormone and biochemical parameters measured at different times.

C-1 T3-1 T4-1 MDA-1 PC-1 C-2 T3-2 T4-2 MDA-2 PC-2

C-1 - -0.188 -0.267 0.004 0.034 0.441� -0.259 -0.249 -0.171 -0.202

T3-1 -0.188 - 0.417� -0.360 -0.337 -0.106 -0.031 0.094 0.128 -0.165

T4-1 -0.267 0.417� - -0.300 -0.072 0.125 0.246 0.639�� 0.189 -0.134

MDA-1 0.004 -0.360 -0.300 - 0.840�� 0.129 0.152 -0.087 -0.112 -0.504��

PC-1 0.034 -0.337 -0.072 0.840�� - 0.252 0.291 0.137 0.011 0.620

C-2 0.441� -0.106 0.125 0.129 0.252 - 0.145 0.009 -0.248 0.074

T3-2 -0.259 -0.031 0.246 0.152 0.291 0.044 - 0.721�� 0.338 0.137

T4-2 -0.249 0.094 0.639�� -0.087 0.137 -0.027 0.721�� - 0.317 -0.073

MDA-2 -0.171 0.128 0.189 -0.112 0.011 -0.334 0.338 0.317 - 0.030

PC-2 -0.202 -0.165 -0.134 0.504�� 0.620�� -0.142 0.137 -0.073 0.030 -

C-1: Cortisol before transport (sea level), C-2: Cortisol after transport (1500 m), T3-1: Triiyodotironin before transport (sea level), T3-2: Triiyodotironin after transport

(1500 m), T4-1: Tyrosine before transport (sea level), T4-2: Tyrosine after transport (1500 m), MDA-1: MDA before transport (sea level), MDA-2: MDA after transport (1500

m), PC-1: Protein Carbonyl before transport (sea level), PC-2: Protein Carbonyl after transport (1500 m).

�: Correlation is significant at the 0.05 level (2-tailed).

��: Correlation is significant at the 0.01 level (2-tailed).

https://doi.org/10.1371/journal.pone.0244911.t003

Fig 4. MDA change graph in sheep.

https://doi.org/10.1371/journal.pone.0244911.g004
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lambs, cortisol hormone was affected by transport and increased after transport compared to

before transport [9]. It has been determined that there is an increase in cortisol levels in the

blood as a result of moving the native Morkaraman and Imroz sheep for 75 minutes [28]. In

the study, there was no significant change in the level of cortisol with altitude and the transpor-

tation of Karayaka sheep. It was determined that is similar the level of cortisol before transport

(sea level) with the level of cortisol after transport (1500 m) in Karayaka sheep. It can be said

that Karayaka sheep are affected by stress in both cases (Sea level and Perşembe plateo (1500

m)). The insignificant finding of the transportation and altitude effect of cortisol was found

different from those reported [9, 17, 27, 28].

T3 (nmol/l) hormone in Iranian fat-tailed sheep (1–2 years old 50–55 kg) in cold environ-

ment (4˚C), optimum temperature (21˚C) and high temperature (40˚C), respectively 1.41,

1.26, 0.98; T4 (nmol/l) hormone 59.53, 49.46, 42.44; Cortisol (nmol/l) hormone was deter-

mined as 16.56, 10.76, 19.32 [28]. While the hormone T3 and T4 are released too much in the

cold environment, it is determined that the release of cortisol in the cold and extremely hot

environment increases [28]. It is reported that the general T3 hormone level in Caria sheep is

determined as 2.95 ng/ml, it is reported that the air temperature affects the T3 hormone and

increases more in the cold [16]. The change of thyroid hormones plays a role in the adaptation

to environmental conditions and metabolic balance in living things. T3 and T4 hormone levels

decreased as the ambient temperature increased in goats. This is an indicator that metabolism

is slowed down and energy production is reduced [29]. In a study conducted in India, it is

reported that T3 hormone is low in summer, high in winter, and higher in winter T4 hormone

in sheep aged 2–4 [23]. In the study, the findings obtained for the hormone T3 and T4 in Kar-

ayaka sheep was compatible with finding [16, 27–30].

In the research carried out to determine the effects of transport stress in Akkaraman and

Merino sheep, vitamin C was applied prior to transplantation, and it was found that it

decreased the level of blood cortisol and did not change the level of lipid peroxidation (MDA)

[31]. It is reported that short-term (5 hours) transportation in yearling Akkaraman lambs does

not have a significant effect on oxidative stress, and carrying 10 hours or more causes an

increase in MDA level [32]. In the study, the findings obtained for MDA in Karayaka sheep

was different from the findings [31, 32]. It has been determined that cortisol, MDA and PC

Fig 5. Protein carbonyl change graph in sheep.

https://doi.org/10.1371/journal.pone.0244911.g005
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values are higher in the before transport (sea level) than after transport (1500 m). This situa-

tion is thought to have more stress effects before transport (sea level). A high air temperature

and humidity may be a factor. In this case, the high temperature in the pen conditions indi-

cates that Karayaka sheep are exposed to heat stress.

Conclusions

We determined the stress effects of transporting and being exposed to altitude difference in a

short time (5 hours) in sheep. The results obtained in the study can cause stress in the sheep at

the altitude of the destination, even if transportation by vehicle takes a short time. In addition,

it was determined that pre-transport conditions of the sheep increased the stress in sheep.

With this study, we determined that the barn conditions should be taken into consideration

before transportation by vehicle. Stress-reducing measures should be taken in the exposure of

sheep to altitude differences and in transportation. Measures that can be taken to reduce the

effects of stress are important in terms of increasing the health, productivity and animal wel-

fare of sheep.

In this study, it was determined that sheep raised in closed barns at sea level were exposed

to temperature and transport stress and altitude effects. The sheep should be rested during and

after the transport. Measures to reduce stress effects should be taken before (sea level) and

after transportation (1500 m) (such as adding Ascorbic acid and vitamin E to feed). In future

research in this field I think to design much more altitude gradients, such 1500m, 3000m.
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24. Cam MA, Olfaz M, Kırıkçı K, Garipoğlu AV, Soydan E. Market Productivity of Single and Twin Bearing

Karayaka Ewes. Journal of Animal Production. 2017; 58(1):20–27.

25. Yıldırım A, Aksoy Y, Ocak N, Ulutaş Z. Some gastrointestinal tract characteristics of Karayaka ram

lambs slaughtered at different weights. The Scientific World Journal. 2014; 1–6. https://doi.org/10.1155/

2014/379023 PMID: 25133226

26. Yıldırım A, Ulutas Z, Ocak N, Kaptan M. Effects of birth weight and feeding system on fattening perfor-

mance and feeding behavior of Karayaka male lambs. Italian Journal of Animal Science. 2013; 12

(4):546–550. https://doi.org/10.4081/ijas.2013.e89

27. Nazifi S, Saeb M, Rowghani E, Kaveh K. The influences of thermal stress on serum bio-chemical

parameters of Iranian fat-tailed sheep and their correlation with triiodothyronine (T3), thyroxine (T4) and

PLOS ONE Altitude, hormones, oxidative stress and sheep

PLOS ONE | https://doi.org/10.1371/journal.pone.0244911 February 26, 2021 10 / 11

https://doi.org/10.1023/b%3Averc.0000014212.81294.78
http://www.ncbi.nlm.nih.gov/pubmed/14535462
https://doi.org/10.1590/S1516-35982010001300038
https://doi.org/10.1016/j.smallrumres.2012.11.001
https://doi.org/10.1016/j.smallrumres.2012.11.001
https://doi.org/10.2478/aoas-2014-0012
https://doi.org/10.1186/1477-7827-3-28
http://www.ncbi.nlm.nih.gov/pubmed/16018814
https://doi.org/10.1016/0009-9120%2893%2990111-i
http://www.ncbi.nlm.nih.gov/pubmed/8299205
http://www.ncbi.nlm.nih.gov/pubmed/7587173
https://doi.org/10.1016/S0753-3322%2899%2980086-9
http://www.ncbi.nlm.nih.gov/pubmed/10392289
https://doi.org/10.1016/j.numecd.2005.05.003
http://www.ncbi.nlm.nih.gov/pubmed/16054557
https://doi.org/10.1016/S0007-1935%2896%2980011-X
https://doi.org/10.1016/S0007-1935%2896%2980011-X
https://doi.org/10.1023/b%3Averc.0000014211.87613.d9
http://www.ncbi.nlm.nih.gov/pubmed/14535461
https://doi.org/10.1186/1477-7827-11-24
https://doi.org/10.1186/1477-7827-11-24
http://www.ncbi.nlm.nih.gov/pubmed/23521851
https://biruni.tuik.gov.tr/bolgeselistatistik/degiskenlerUzerindenSorgula.do?d-4326216-p=1
https://biruni.tuik.gov.tr/bolgeselistatistik/degiskenlerUzerindenSorgula.do?d-4326216-p=1
https://doi.org/10.1155/2014/379023
https://doi.org/10.1155/2014/379023
http://www.ncbi.nlm.nih.gov/pubmed/25133226
https://doi.org/10.4081/ijas.2013.e89
https://doi.org/10.1371/journal.pone.0244911


cortizol concentrations. Comparative Clinical Pathology. 2003; 12:135–139. https://doi.org/10.1007/

s00580-003-0487-x
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