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Abstract 
The aim of this study was to measure cold stress of ewes during post lambing period. The trial was undertaken at the 
Experimental Farm of Banat’s University of Agricultural Sciences and Veterinary Medicine Timisoara, during 
February 2012.  Six secundiparous Turcana breed ewes were housed in two collective pens of 3.5 m x 2 m each, with 
deep straw bedding, in shed where the average temperature was of -1.2°C. Cortisol levels from milk samples were 
determined as indicators of cold stress. Samples were collected at 14 hours after lambing, and at 7, 14 and 21 days 
following parturition.  At 14 hours after lambing, mean cortisol levels were 7.78±0.47 µg/dl, and decreased as 
follows: 5.08±0.72 µg/dl in the 7th of the trial, 2.75±0.50 µg/dl in day 14 and 1.61±0.43 µg/dl in day 21 of the 
observations. Differences were significant between the 7 day sampling intervals (p≤0.01) during the first 14 days 
after lambing, while non-significant differences (p≥0.05) have been found between the 14 and 21 days samplings. It 
has been concluded that cortisol levels in milk samples could prove an indicator of sheep adrenal-cortex activity that 
may be applied to measure cold stress in lactating ewes. 
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1. Introduction 
 
The ability of livestock to breed, grow and lactate 
to their maximal genetic potential, as well their 
capacity to maintain health is strongly affected by 
the thermal environment.  
A great number of factors that influence thermal 
stress resistance in ruminants are mentioned in the 
literature, most important of which are: 
environmental factors, species, breed, level of 
acclimatization, age, physiological category, 
feeding conditions, body condition of the animals, 
housing conditions, bedding material, production 
level, health status, watering system, duration of 
exposure and severity of the thermal stress, 
individuality. 
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Review of literature indicates variability among 
animals in resistance to cold stress is greater than 
variability across animals in resistance to heat 
stress [1]. 
The cold stress may induce hypothermia which 
can result in hypoxia, hypoglycemia, metabolic 
acidosis and alterations in the metabolism of water 
and electrolytes. As the energy intake is used 
mainly for thermoregulation, during cold stress 
exposure, it is possible to observe a depression of 
yield as well as an increase in mortality, in 
particular due to the development of the 
respiratory distress syndrome [2]. 
Breed differences exist in the ability of sheep both 
to produce heat, and to reduce heat loss. 
Moreover, the dense fleeces of some lowland 
breeds provide the best resistance to wind, 
whereas the open fleeces of hill breeds are most 
resistant to rain [3]. 
The lowest critical temperature at which the sheep 
organism needs to increase heat production in 
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order to maintain core body temperature, can be 
less than 0° C in fully fleeced adult sheep [4]. 
Additionally to better heat conservation, the 
ability to generate heat may be greater in hill 
breeds, which have higher thyroid hormone 
concentrations [5]. 
 Romanian native Turcana sheep is coarse-wool, 
mountain type breed, well adapted to cold 
temperatures.  
Studies in Merino and Blackface lambs suggest 
that cold resistance is a heritable trait in the lamb 
[6].  
Cold exposure of ewes in late pregnancy also 
improves cold resistance of newborn lambs by 
increasing their capacity for non-shivering thermo 
genesis [7]. Previous exposure to cold has the 
ability to increase cold resistance in adult sheep by 
50% and results in increased heart rates, heat 
production capability and resting metabolic rate 
[8]. 
Lambing period imposes great stress on the ewe’s 
organism due to changes that occur in the animal’s 
organism during a short time, like debut of 
lactation, lambing process itself, involution of the 
genital tract. Post-parturient ewes can be 
considered a vulnerable category, and additional 
stressors should be kept to a minimal throughout 
proper management in order for the animal to 
cope with the physiological-changes and the 
performance of the animals to not be negatively 
affected during this period. 
Despite the importance of the above factors, 
quantitative data regarding alterations by means of 
reproduction, growth, lactation and health due to 
the thermal stress (hypothermia and hyperthermia) 
in small ruminants, especially sheep, are limited. 
On the other hand, previous studies in lactating 
dairy cows have shown that values of milk cortisol 
concentrations  and plasma cortisol concentration  
are highly correlated (r = 0.80; P≤0.001), and that 
milk cortisol concentration can be a useful 
indicator of responses of lactating cows to acute 
stressors which act up to 2 hours before collection 
of samples [9, 10]. 
The aim of the current research was to test if 
cortisol level measurements in milk samples could 
be used as an indicator for assessing cold stress in 
lactating ewes during first period following 
lambing. 
 
 
 

2. Materials and methods 
 
Researches were carried out at the Experimental 
Farm of the Banat’s University of Agricultural 
Sciences and Veterinary Medicine, in Timisoara 
(45.46 °N/ 21.15 °E), during February 2012.  
Six secundiparous Turcana ewes were monitored 
after lambing, 3 ewes lambed singletons and 3 had 
twining births. During experiments, ewes were 
housed deep straw bedding in two collective pens 
of 3.5 m x 2 m each, with a space allowance of 1.7 
m2/ewe.  
Ewes had ad libitum access to water and to pasture 
hay and also supplements of 300 g/head barley for 
single lambing ewes and 500 g/head for twining 
ewes.  
Cortisol levels were determined from milk 
samples, which were collected at 14 hours after 
lambing, and at 7, 14 and 21 days.  Average 
temperature inside the shed was of - 1.2 °C, with 
limits ranging between - 3.3 and +1.6 °C. 
Milk collecting was done on each sampling day at 
7:00 in order to avoid daily fluctuations of the 
hormone [11]. Measurements regarding cortisol 
levels were done in a private laboratory, 
throughout Roche Electro-chemo-luminescence 
method. 
Data were statistically analyzed by non-
parametrical Mann-Whitney test using Mini Tab 
14® software. All decisions about the acceptance 
or rejection of statistical hypothesis have been 
made at the 0.05 level of significance. 
The study was performed in accordance with the 
EU Directive 2010 /63 /EU for animal 
experimentation [12]. 
 
3. Results and discussion 
 
Results concerning milk cortisol levels during the 
first 21 days after lambing are being presented in 
Table 1. 
When milk was sampled following 14 hours after 
lambing, average cortisol concentration was of 
7.78±0.47 µg/dl. No data in the scientific literature 
regarding milk cortisols levels in ewes after 
lambing could be found in order to be compared 
with ones from the current research.  
Caroprese et al. (2010) reported data regarding 
plasmatic cortisol levels of 1.193 x 103 µg/dl in 
lactating Comisana lactating ewes following 10 
minutes of isolation of the animals. In that case, 
the high reactivity of the hypothalamic-pituitary-
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adrenal axis was associated with a reduction in 
milk production and an increased predisposition to 
develop intra-mammary inflammatory processes 
[13]. 
At the second sampling period, following 7 days 
after lambing, average cortisol level was of 
5.08±0.72 µg/dl. A significant difference (p≤0.05) 
between first sampling (14 h after lambing) and 
the second one (7th day after lambing) was 
registered. These results suggest that stress caused 
by the lambing process found itself in the higher 
concentration of cortisol during the interval. 
Moreover, results showed that milk cortisol 
sampling could prove an indicator of sheep adrenal-
cortex activity that may be applied to measure cold 
stress in lactating ewes. 
In the 14th day of the experiments, cortisol level 
was on average of 2.75±0.50 µg/dl that was 2.33 
µg/dl significant decrease (p≤0.05) in comparison 
with the previous sampling. 
During the last sampling period, at 21 days after 
lambing, milk cortisol level was on average 

1.61±0.43 µg/dl and did not significantly differed 
(p≥0.05) from the previous sampling.  
This is probably explained by the fact that 
additional stress caused by the parturition process 
itself and debut of lactation diminish starting 2 
weeks after lambing. 
Attempts to sample saliva for cortisol analysis 
were also done during the current trial. However, 
not enough saliva could be collected from the 
ewes, especially in the first day after lambing, 
when animals did not consumed enough water and 
they were dehydrated because of the parturition 
effort. Same problems with saliva sampling 
difficulties were described by Blackshaw and 
Blackshaw (1989) in a study concerning stress 
assessment in pigs [14].  
Preliminary results of the current study suggest 
that milk cortisol can be used as a reliable non-
invasive method for cold stress assessment in 
lactating ewes. 

 
Table 1. Milk cortisol levels of single and twin lambing ewes  during first 21 days after lambing (µg/dl) 

Trait Mean ± SEM V (%) 
First 24 h after lambing [A] 7.78±0.478 15.06 
Day 7 after lambing [B] 5.08±0.725 34.91 

Day 14 after lambing [C] 2.75±0.500 44.52 
Day 21 after lambing [D] 1.61±0.438 66.44 

A vs. B * 
B vs. C * 
C vs. D ns 

SEM – standard error of mean; V – variability coefficient; ns = p ≥ 0.05; * = p≤ 0.05 
 
4. Conclusions 
 
Results of the current study had shown that milk 
cortisol concentration assessment could prove a 
suitable indicator the of adrenal-cortex activity, 
which alleviates invasiveness and technical 
difficulty associated with blood and saliva 
sampling and may be a viable alternative in 
situations when lactating ewes are used. 
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