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Abstract. The effect of high air temperature on clinical and hematological 
parameters in lactaƟng cows during voluntary and forced milking when they are kept 
in frame cowsheds made of steel structures was studied. During forced (milking parlor) 
and voluntary (milking robot) milking the heart rate of cows increased by 5 and 15 
beats per minute, respecƟvely, and the number of respiratory movements increased 
from 50 to 77 at high air temperature in the cowshed that is 1.7 and 2.1 Ɵmes higher 
than at opƟmal values of this microclimate indicator. It was idenƟfied that the body 
surface temperature of cows depended on the air temperature in the cowshed during 
forced milking and, at high air temperature, it increased to 35.8–37.9 °C, which was 6.9–
7.5 °C above its opƟmal value, while this indicator of the udder increased from 31.6–
33.3 °C up to 32.3–38.5 °C. HumidificaƟon and irrigaƟon of body surface in lactaƟng 
cows in combinaƟon with increasing the airspeed to 1.2 m/s in the storage reduced body 
surface temperature of lactaƟng cows to 33.2–34.5 °C that an average turned out to be 
by 2.5–4.7 °C lower than similar indicators for animals in the cowshed. The hemoglobin 
concentraƟon in the blood of lactaƟng cows is lower by 15.6 g/L, the number of band 
neutrophils – by 3.9% and monocytes – by 2.6% under high air temperature compared 
with the opƟmal. During voluntary milking at high temperatures compared with the 
opƟmal, the hemoglobin content in the blood was lower by 47.2 g/L, the number of 
white blood cells – by 1.95 g/L, and monocytes – by 6.25%. 
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Introduction

High-yielding cows differ from 
low-yielding animals by the high meta-
bolic intensity in tissues and the ability to 
transform nutrients into milk components 
more efficiently (Chagas et al., 2007). As 
a result, most animal organs and systems, 
functioning at the limit of their capabili-
ties, undergo a physiologic abnormality 
in the body, especially the ability to re-
produce. Hot ambient conditions and low 
humidity in the cowsheds are critical for 
high-yielding lactating cows in summer-
time (Chomayev & Mityashova, 2009).

Analysis of recent researches 
and publications

According to research (Martynova, 
2012), hot ambient conditions in the cow-
shed reduce the average daily milk produc-
tion, and the cow lactation performance is 
not restored to its previous level. Under 
such conditions, the number of non-yield-
ing cattle reaches 27–30% of the total num-
ber of high-yielding cows, and the average 
term of their productivity is reduced to an 
average of 2.3–2.7 lactations (Mishchenko, 
2008). Intensive use of cows under condi-
tions of constant exposure to stress factors 
on the body, including hot ambient condi-
tions (Taranov, 1983; Andreev et al., 2012), 
adversely affects animal health, changes he-
matological parameters and metabolic state 
in the body (Sheyenkina et al., 2013). Thus, 
according to Koryakina (2010), in summer, 
the hemoglobin concentration in the blood 
of cows increases by 16.8–27.0%, the red 
blood cell count increases by 13.0–34.0% 
and the white blood cell count increases up 
to 10.2×109/L. The eosinophil count in the 
blood of cows increases by 2.94% in sum-
mer and the monocytes count increases by 
29.42–32.5% compared to these figures 
in spring (Mukhamed’yarova, 2014). The 

thermoneutral temperature limits for lactat-
ing cows have been established, the value 
of their critical points is from -5 to 20 °С, 
and the comfort zone corresponds to the 
air temperature of 5–10 °С. In hot ambient 
stressful conditions, the feed consumption 
and milk yield decrease in lactating cows, 
lung ventilation increases, and the physical 
and chemical thermoregulation processes 
are compromised (Dibirov, 2013). Under 
the stress conditions induced by prolonged 
hot ambient temperature, lactating cows 
change their behavior, the animals spend 
most of the time standing in the cubicles, 
less resting lying down, these factors 
cause “high-stress” tendon and claudica-
tion (Petrusha & Dibirov, 2014). Under 
stress induced by hot ambient conditions, 
the lactating cows’ reproductive function 
compromises, endometrium disfunction 
appears, embryonic mortality increases 
because of changes in the follicular ceru-
minous maturation and the hormone con-
centrations in the blood. Recently, a volun-
tary method for cow milking using modern 
milking robots has been introduced into the 
practice of dairy cattle operations. How-
ever, studies of clinical and hematological 
parameters in high-yielding lactating cows 
under stress induced by hot ambient con-
ditions and milking using milking robots 
when they are kept in frame-type cowsheds 
made of steel structures are still out of con-
sideration.

Purpose is to study clinical and 
hematological parameters in lactating 
cows under hot ambient stressful con-
ditions in the cowshed in the terms of 
forced and voluntary milking.

Materials and methods 
of research

The experiment has been conduct-
ed in institution “Terezine” PLC, Bila 
Tserkva district of Kyiv oblast. For the 
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experiment, 2 groups of lactating cows 
of holsteinized black-spotted breed of 
the 2nd–3rd lactation with lactation per-
formance of 8000–8500 kg of milk per 
lactation, 8 heads in each, were formed. 
Cows of the first experimental group 
were kept in the frame-type cowshed 
cubicles, designed for 400 heads and 
100 animals were kept in each techno-
logical (production) group. The animals 
were fed from the feeding table with a 
high-energy feed mixture. The animals 
had free access to food and water during 
the day. Cows were milked three times 
a day in a milking parlor (forcibly), 
equipped with a De-Laval installation 
(parallel) designed for simultaneous 
milking of 32 cows.

The second experimental group of lac-
tating cows in the amount of 8 heads was 
also formed from animal analogs, which 
were kept in the cubicle of another cow-
shed designed for 500 heads, 125 heads in 
the technological (production) group. The 
cows of the second experimental group 
were milked voluntarily using a milking 
robot (De-Laval). The animals were fed 
with a feed mixture from the feeding table 
and provided free access to feed and water 
during the day. The type of diet and diet 
density for cows during voluntary milking 
were the same as for the forced milking but 
with free-stall housing and the ability to rest 
in cubicles. Animal waste from the second 
cowshed was removed using a delta scrap-
er. Lactating cows selected for the research 
were clinically healthy, and their average 
daily milk production averaged 26.2–
28.0 kg. In the course of the experiment, 
clinical and hematological parameters 
were monitored in cows of the experimen-
tal groups, taking into account the method 
of milking – forced (milking parlor) and 
voluntary (milking robot) under optimal 
(10–18 °C) and hot (25–29 °C) ambient 
conditions in the cowsheds.

These clinical parameters in cows 
of the first experimental group were 
determined when they were both in the 
cowshed and in the storage (in front of 
the milking parlor), and cows of the 
second experimental group were in the 
cowshed, controlling body tempera-
ture, pulse, respiratory rate, udder and 
body surface temperature (torso) in the 
dynamics at 6:00, 9:00, 12:00, 15:00, 
18:00 o’clock for two days in the period 
of optimal (April) and critically hot am-
bient conditions (July) (Tsvilikhovskyi 
et al., 2014). Blood samples in the ex-
perimental cows were taken from the 
coccygeal vein before morning feeding, 
which were used to determine the blood 
morphological composition, namely the 
red blood cell count and white blood 
cell count as well as the ratio of eosin-
ophils, band forms and segmented neu-
trophils, monocytes, and lymphocytes. 
Erythrocyte sedimentation rate (ESR), 
hemoglobin content, and leukocyte 
analysis were also examined in animal 
blood (Karpishchenko, 2002).

The research results were processed sta-
tistically using Microsoft Excel software.

Results of the research 
and their discussion

Experiments have shown that during 
forced and voluntary milking, the rec-
tal body temperature of lactating cows 
corresponded to the physiologically nor-
mal state established for animal species 
and the clinical state of animals. In hot 
ambient conditions in the cowshed, this 
indicator in lactating cows did not differ 
from its values under optimal air tem-
perature during both voluntary and forced 
milking (Table 1). It should be noted that 
the difference in the pulse beat number 
and the respiratory movement frequency 
during forced (milking parlor) and volun-
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tary (milking robot) milking hasn’t been 
established. However, the heart rate in 
lactating cows has increased by 5 beats 
per minute during forced milking and hot 
ambient conditions in the cowshed com-
pared to the optimal one, and at the same 
time, the respiratory movement number 
has increased to 50, which turned out to 
be 20 beats more. In such hot ambient 
conditions in the cowshed and voluntary 
milking of cows by a milking robot, the 
pulse rate in experimental animals has 
also turned out to be 15 beats per min-
ute higher, and the respiratory movement 
number has increased to 65, which turned 
out to be 42 beats higher than similar 
figures at optimal air temperature. In hot 
ambient conditions, the number of re-
spiratory movements in lactating cows 
during voluntary milking has turned out 
to be 15 higher compared to forced milk-
ing in the milking parlor. Thus, forced and 
voluntary milking had almost no effect on 
the clinical condition parameters in time 
of optimal air temperatures, which corre-
sponded to their statutory figures (Tsvilik-
hovskyi et al., 2014).

Significant clinical changes in the 
lactating cows under hot ambient stress-
ful conditions have been determined. It 
has turned out that the respiratory move-
ment number in lactating cows under 

hot ambient conditions in the cowshed 
compared to the optimal temperature 
in the terms of forced milking (milking 
parlor) has increased in the morning at 
6:00 by 20, at 9:00 by 28, at 12:00 by 
29, at 15:00 by 41, at 18:00 by 35 respi-
ratory movements per minute (Table 2).

In the course of the experiment, this 
figure in lactating cows during forced 
milking under hot ambient conditions 
on average has increased by 1.7 times 
compared to its optimal value. During 
the day, the udder temperature in lac-
tating cows during forced milking un-
der hot ambient stressful conditions has 
also become significantly higher than in 
animals under optimal air temperatures, 
e.g., at 6:00 by 5.0 °C higher, at 9:00 
by 4.80 °C higher, at 15:00 by 4.68 °C 
higher, at 18:00 by 3.20 °C higher. In 
lactating cows under hot ambient con-
ditions in the cowshed, the body surface 
temperature has increased compared to 
its values under optimal air temperature. 
Thus, in the morning at 6:00 o’clock, 
this figure in animals turned out to be 
6.30 °C higher, at 9:00 by 7.6 °C high-
er, at 12:00 by 6.89 °C higher, at 15:00 
by 6.75 °C higher, at 18:00 by 5.55 °C 
higher. Hot ambient conditions in the 
cowshed have also significantly affect-
ed the body surface temperature in lac-

1. Indicators of the clinical condition in lactating cows under optimal 
and high air temperature during forced and voluntary milking (M ± m)

Indicator
High air temperature Optimal air temperature

milking cows milking cows
forced voluntary forced voluntary

Body temperature, °С 39.12 ± 0.37 39.0 ± 0.30 38.34 ± 0.26 38.07 ± 0.16
Puls, beats/min 77.0 ± 2.0 * 78.0 ± 5.0 * 72.0 ± 1.0 63.0 ± 3.0
Number of respiratory 
movemens/min 50.0 ± 6.0 ** 65.0 ± 15.0 ** 30.0 ± 6.0 23.0 ± 3.0

Note: * a significant difference (Р < 0.05) between indicators in cows during forced 
and voluntary milking; ** under the exposure to optimal and high air temperature.
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tating cows, which were moved to the 
milking parlor before milking. In hot 
ambient conditions, this lactating cows’ 
factor almost did not differ from similar 
figures in animals at optimal air tem-
perature, but it has turned out to be on 
average 2–3 °C higher in both the first 
and second cases than its figure in an-
imals in the cowshed. A significant re-
duction in the body temperature of cows 
in the storage can be achieved by irri-
gating the animal body surface, humid-
ifying the air with water, and increasing 
airspeed. Air humidification and irri-
gation of the body surface in lactating 
cows in combination with increasing 
airspeed to 1.2 m/s in the storage have 
reduced the body surface temperature of 
lactating cows to 33.2–34.5 °C, which 
has turned out to be on average 2.5–
4.7 °C lower than similar figures in ani-
mals that were in the cowshed.

Thus, experiments have shown that 
the surface temperature of the body and 
udder, as well as the number of respirato-
ry movements in lactating cows signifi-
cantly depend on the air temperature in 
the cowshed, and the latter on the outside 
air, which often goes beyond the thermo-
neutral zone in summer (5–10 °C). The 
most significant hygienic effect on the 
clinical parameters of lactating cows was 
registered at 15:00 o’clock, when the 
air temperature in the cowshed reached 
its maximum and was 28–32 °C. Under 
such factor’s figures, the body surface 
temperature in lactating cows increases 
to 35.8–37.9 °C, which reduces the pro-
cess of heat transfer to the environment, 
and leads to heat stress in animals.

The cowshed’s air temperature has 
significantly affected the hematological 
parameters in lactating cows, despite the 
fact that during forced milking the num-

2. Indicators of the clinical condition in lactating cows under optimal 
and high air temperature (forced milking) (М ± m, n = 8)

Air tem-
perature 

in the 
cowshed

Time of day

Parameters
Number of 
respiratory 

movements/
min

Udder tem-
perature, °С

Body surface 
temperature 
of cows, °С
(cowshed)

Body surface 
temperature 
of cows, °С 

(storage)

High

6:00 50.0 ± 9.0* 37.33 ± 1.30* 35.80 ± 0.98* 34.52 ± 1.86
9:00 59.0 ± 9.0* 36.62 ± 0.74* 36.60 ± 0.47*
12:00 61.0 ± 13.0* 32.27 ± 0.81 37.94 ± 0.81* 33.24 ± 1.21
15:00 77.0 ± 5.0* 37.81 ± 0.88* 37.68 ± 0.82*
18:00 67.0 ± 12.0* 38.53 ± 0.78* 37.01 ± 0.88* 34.48 ± 0.72

The average 63.0 ± 7.0* 36.51 ± 1.69 37.00 ± 0.64* 34.08 ± 0.56

Optimal

6:00 30.0 ± 5.0 32.33 ± 1.07 29.48 ± 1.88 32.13 ± 0.85
9:00 31.0 ± 7.0 31.75 ± 1.62 28.94 ± 2.72
12:00 32.0 ± 6.0 31.63 ± 1.30 31.05 ± 1.32 31.95 ± 1.24
15:00 36.0 ± 6.0 33.13 ± 0.88 30.93 ± 0.76
18:00 31.0 ± 6.0 33.29 ± 0.76 31.46 ± 1.06 33.20 ± 0.67

The average 32.0 ± 2.0 32.42 ± 0.62 30.37 ± 0.92 32.42 ± 0.51

Note: * a significant difference (Р < 0.05) between indicators under high air temperature 
compared to optimal. 



Vol. 11, № 4, 2020 ISSN 2663-967X | 27Ukrainian Journal of Veterinary Sciences

Клініко – гематологічні показники лактуючих корів за дії високої температури ... 

ber of red blood cell count in the blood 
of animals under hot ambient conditions 
did not change compared to optimal air 
temperature and corresponded to the 
physiologically normal state (Table 3).

It has been found that the hemoglobin 
concentration in the blood of lactating 
cows during forced milking under hot 
ambient conditions in the cowshed was 
within the physiologically normal state 
and did not differ from its content in an-
imals under optimal air temperature. The 
number of red blood cell count in the 
blood of lactating cows during voluntary 
and forced milking under hot ambient 
conditions, compared with the optimal 
temperature also did not change (Table 3). 
In addition, in the blood of lactating cows 
during both forced and voluntary milking 
under hot ambient conditions in the cow-
shed, no changes have been found in the 
total white blood cell count compared to 
optimal air temperature, this indicates no 
temperature effect on the functional status 
of hematopoietic glands.

However, control of the different 
white blood cell count ratio in the blood 
of lactating cows with different milking 
methods has shown that hot ambient 
conditions had an effect on some sub-
populations of white blood cells. Thus, 
the eosinophil count in the blood of lac-
tating cows under different methods of 
milking in hot ambient conditions has 
not changed compared to optimal air 
temperature. In the lactating cows under 
hot ambient conditions in the cowshed 
both during forced and voluntary milk-
ing, a small basophil count has been de-
tected in the blood, while under optimal 
factors, these cells have not been detect-
ed (Table 3). In lactating cows under hot 
ambient conditions and voluntary milk-
ing, the band neutrophils have turned out 
to be 2.3 times higher, and in the case of 
forced milking, on the contrary, it has 

become 1.9 times lower than the figure 
under optimal air temperature. The ex-
periment has also shown differences in 
the band neutrophils count in the blood 
of cows under optimal air temperature, 
which turned out to be 3.4 times less for 
voluntary milking than for forced one. 
However, no differences regarding this 
indicator have not been found in lactat-
ing cows during forced and voluntary 
milking under high temperatures in the 
cowshed. It has been found that under the 
optimal air conditions in the cowshed in 
the blood of lactating cows during volun-
tary milking, the segmented neutrophils 
count is 1.7 times higher compared to the 
forced milking, while at high temperature 
the difference in this parameter has not 
been established. There has been a sig-
nificant decrease in the absolute mono-
cyte count in the blood of cows under hot 
ambient conditions in both forced (7.9 
times) and voluntary milking (9.3 times), 
compared with its content in animals at 
the optimal temperature (Table 3). In hot 
ambient conditions in the cowshed, the 
lymphocytes count in the blood of cows 
during voluntary milking compared to 
the optimal temperature has turned out to 
be 32.7% higher, and during forced milk-
ing has not changed at all. Hot ambient 
conditions in the cowshed reduced blood 
ESR in lactating cows during voluntary 
milking by 5.7 times compared to its fig-
ure at optimal temperature. There have 
also been revealed certain differences in 
blood ESR in lactating cows during vol-
untary and forced milking both under op-
timal and hot ambient conditions. Thus, 
at the optimal temperature, the blood 
ESR in lactating cows during voluntary 
milking has been 4.2 times higher, and 
in hot ambient conditions it has turned 
out to be 2.0 times higher compared to 
forced milking (Table 3). The revealed 
changes in the blood morphological com-
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position parameters of lactating cows, 
which were kept in a cowshed under 
hot ambient conditions, are probably the 
consequences of a decrease in the feed 
consumption by animals and the motor 
activity reduction. The influence of hot 
ambient conditions on the hematopoietic 
glands’ functional state by changing the 
intensity of redox processes in tissues 
has not been excluded.

Thus, based on the research, it can 
be concluded that hot ambient condi-
tions in the cowshed, not only change 
the clinical state in lactating cows, but 
also the blood morphological composi-
tion to a much greater extent than during 
forced or voluntary milking of animals.

Conclusions and future perspectives

Experiments have shown that hot am-
bient conditions increase the number of 
respiratory movements and heart rate in 
lactating cows at constant animal body 
temperature compared to optimal air 
temperature. In hot ambient conditions in 

the cowshed, the udder and body surface 
temperature of cows increases, and hu-
midification and irrigation of the animal 
body surface with water in the storage 
reduces the body surface temperature by 
2.6–4.7 °C. In the blood of lactating cows 
under hot ambient conditions and volun-
tary milking, the hemoglobin concentra-
tion, absolute basophil count, absolute 
monocyte count, segmented neutrophil 
count, and erythrocyte sedimentation rate 
decreases, but the band neutrophil count 
and absolute lymphocyte count increases 
compared with optimal air temperature.

The blood morphological composi-
tion changes in lactating cows under hot 
ambient conditions and forced milking 
that is confirmed by an increase in ab-
solute basophil count and erythrocyte 
sedimentation rate, in parallel with a 
decrease in the band neutrophil count as 
well as absolute monocyte count at con-
stant figures of other parameters. 

Prospects for further research may be 
the thermoregulation phenomenology in 
lactating cows in hot ambient conditions.

3. Influence of high air temperature on hematological parameters in lactating 
cows during voluntary and forced milking (М ± m, n = 8)

Parameter
High air temperature Optimal air temperature

forced 
milking

voluntary 
milking

forced 
milking

voluntary 
milking

Red blood cells, 1012/L 5.50 ± 0.94 5.08 ± 0.69 6.61 ± 0.39 6.50 ± 0.50
Hemoglobin, g/L 95.19 ± 9.31** 79.38 ± 9.38** 110.85 ± 4.44 126.62 ± 7.87
White blood cells, 109/L 5.38 ± 1.10 5.17 ± 0.90** 7.12 ± 0.93 7.12 ± 2.15
Eosinophils, % 0.88 ± 0.66 2.0 ± 1.50 2.28 ± 1.55 1.87 ± 1.12
Basophils, % 0.75 ± 0.56 0.25 ± 0.38 0 0
Band neutrophils, % 4.50 ± 1.62** 5.88 ± 2.59 8.42 ± 2.65 2.50 ± 1.50*
Segmented neutrophils, % 29.50 ± 8.75 23.25 ± 4.06 30.42 ± 4.08 52.25 ± 8.37*
Lymphocytes, % 63.63 ± 6.13 69.13 ± 3.38 55.71 ± 5.38 36.37 ± 7.78*
Monocytes, % 0.38 ± 0.47** 0.75 ± 0.56** 3.00 ± 1.71 7.00 ± 1.75*
ESR, mm 1.25 ± 0.25 0.63 ± 0.28 0.85 ± 0.30 3.62 ± 1.28*

Note: * a significant difference between the indicators during forced and voluntary milking 
of cows, ** under high and optimal air temperature. 
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Анотація. Досліджено вплив високої температури повітря на клінічні та гематологічні 
показники в лактуючих корів під час добровільного і примусового доїння за їхнього утримання 
в корівниках каркасного типу із металевих конструкцій. У корів за високої температури 
повітря в корівнику, порівнюючи з оптимальною, частота серцевих скорочень під час 
примусового (доїльний зал) і добровільного (доїльний робот) доїння зростала відповідно 
на 5 і 15 ударів за хвилину, а кількість дихальних рухів збільшувалась із 50 до 77, що в 1,7 і 2,1 
раза вище, ніж за оптимальних значень цього показника мікроклімату. Встановлено, що 
температура поверхні тіла корів під час примусового доїння залежала від температури 
повітря в корівнику й за високих значень зростала до 35,8–37,9 °С, що було вищим на 6,9–
7,5 °С від її оптимальної величини, тоді, як цей показник молочної залози збільшувався з 
31,6–33,3 °С до 32,3–38,5 °С. Зволоження повітря та зрошування поверхні тіла лактуючих 
корів у комплексі з підвищенням швидкості його руху до 1,2 м/с у накопичувачі знижувало 
температуру поверхні тіла лактуючих корів до 33,2–34,5 °С, що виявилось у середньому 
на 2,5–4,7 °С нижче, ніж аналогічні показники у тварин, які знаходилися у корівнику. У 
лактуючих корів за дії високої температури повітря, порівнюючи з оптимальною, в крові 
нижча концентрація гемоглобіну на 15,6 г/л, кількість паличкоядерних нейтрофілів – на 
3,9% і моноцитів – на 2,6%. За високої температури повітря та добровільного доїння корів 
вміст гемоглобіну в крові виявився нижчим на 47,2 г/л, кількість лейкоцитів – на  1,95 г/л і 
моноцитів – на 6,25%, порівнюючи з оптимальною. 

Ключові слова: лактуючі корови, доїльний зал, доїльний робот, примусове й добровільне 
доїння, температура повітря, клінічні та гематологічні показники


