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The efficiency of milk production is based on the use of high-yielding dairy cows, particularly the black-and-white Holstein breed, 
which are kept using a loose-box housing system in large frame-type barns. The microclimate of these barns is significantly influenced by 
climatic conditions, which, during the winter period, can cause cold stress in the cattle. This stress leads to diseases and a decrease in milk 
productivity. The experiment assessed the temperature-humidity parameters of the macro- and microclimate of a large frame-type barn 
designed for 1,000 cows during the coldest period of the year. It also examined the impact of cold stress on the morphological composition 
and acid-base balance of blood in high-producing cows depending on their lactation stage and daily milk yield. It was found that the great-
est cooling of the atmospheric air occurs between midnight and 6:00 AM, reaching -21.6 degrees. This results in a decrease in barn air 
temperature to subzero levels and a temperature-humidity index of 35 units, which corresponds to the zone of mild cold stress for cows. 
The temperature of the feed and water depends on the air temperature in the barn and is considered uncomfortable for cows during the 
coldest period of the year. During short-term cold stress, cows in their first lactation with a daily milk yield of 35–40 kg, as well as cows in 
their second and third lactations regardless of milk productivity, experience a decrease in leukocyte count by 34.4–41.7%. With the in-
crease in the age of cows up to the third lactation, short-term cold stress causes a reduction of 12.8–17.1% in segmented neutrophils in the 
blood. Mild cold stress leads to a decrease in the partial pressure of CO2 in the blood of first-lactation cows regardless of milk productivity. 
In cows, regardless of milk productivity and lactation stage, cold stress results in a negative shift in buffer base, which, considering the 
blood pH level, indicates the development of metabolic acidosis under a high-energy feeding regimen. The obtained research results can 
serve as the basis for developing measures aimed at adapting high-yielding Holstein cows during the coldest period of the year in frame-
type barns with sharp daily temperature fluctuations.  
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Introduction  
 

Ambient temperature is one of the most critical factors influencing an 
animal's body. The comfort zone (thermoneutral zone) is the range of 
temperatures that do not trigger changes in the body's regulation of heat 
production or heat loss through evaporation (Dos Santos et al., 2021; Li 
et al., 2021). This is particularly important when housing high-producing 
dairy cows in easily assembled frame-type barns, especially during critical 
periods of the year when high or low air temperatures are recorded in the 
summer and winter seasons (Mylostyvyi et al., 2023a, 2023b). Most stu-
dies by domestic and foreign scientists focus on the impact of global 
warming on the body of cattle, particularly lactating cows (Hempel et al., 
2019; Ruban et al., 2020). In contrast, the effects of low temperatures are 
less studied, especially regarding high-yielding dairy cows.  

During the winter housing period, when atmospheric air temperatures 
are extremely low, heat loss from the body outweighs heat production, 
causing an imbalance in heat regulation and leading to cold stress in ani-
mals (Wang et al., 2023). The impact of low temperature on the animal's 
body is primarily based on the activation of peripheral receptors responsi-
ble for sensing cold and heat. These signals are then transmitted through 
the spinal cord, leading to two types of reactions. First, there is a reflex 
constriction of blood vessels, which helps reduce heat loss from the ani-
mal's body. An additional response is shivering, which increases heat 
production in the skeletal muscles. Cold stress can also alter hormone 

levels in tissues, particularly in the thyroid, pancreas, and adrenal glands 
(Fu et al., 2022; Lezama-García et al., 2022), aimed at generating or con-
serving heat. Cold stress is one of the causes of diseases, slowed growth, 
and increased animal mortality, leading to significant economic losses for 
livestock farming worldwide (Bayer et al., 2021; Shevchenko et al., 2023).  

Cold stress can be categorized into acute and chronic (long-term) 
based on its intensity and duration of impact on the body (Hu et al., 2021). 
It is known that prolonged exposure to even mild cold conditions can lead 
to physiological adaptation in animals. This adaptation includes increased 
energy production, higher feed intake, enhanced tissue metabolism, and 
changes in the digestive system's function.  

Currently, the most common technologies in dairy farming involve 
housing high-yielding herds in frame-type barns with loose-box systems. 
In such facilities, temperature fluctuations depending on the season are 
often observed, affecting feed intake, rest time, and the cows' physical 
activity, which in turn influences the herd's productivity (Zakharenko 
et al., 2019). It is well-documented that low ambient temperatures in win-
ter create an unfavorable microclimate in the barn. Additionally, strong 
winter winds and snow contribute to increased heat loss from the body, 
which can exacerbate cold stress in cattle. Dairy cows during the cold 
winter may reduce their milk production, and it has been noted that Hols-
tein cattle are more sensitive than local breeds (Hu et al., 2022). Prolonged 
exposure to cold environmental conditions significantly reduces average 
daily weight gain, feed conversion efficiency, and immune function in 
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cattle, both within breeds (Nakajima et al., 2019) and in crossbred cattle 
(Butt et al., 2022).  

The impact of low ambient temperatures on the body of beef or dairy 
cattle has primarily been studied under year-round grazing conditions on 
natural pastures (Toghiani et al., 2020), while similar research under hou-
sing conditions in frame-type barns is insufficient. Given the global cli-
mate changes over the past few decades, there have been increasing tem-
perature fluctuations during the winter in Central and Eastern Europe, 
which to some extent affect the productivity and adaptability of dairy 
cows (Borshch et al., 2021). In this study, it was noted that in the central 
part of Ukraine (Kyiv region), during January-February, low average daily 
temperatures ranging from –12.2 to –18.7 °C were recorded, accompa-
nied by strong winds and daily snowfall. The authors of this publication 
even suggest insulating frame-type barns to better accommodate cows.  

To develop effective, scientifically grounded recommendations for 
improving the microclimate in modern frame-type barns, it is essential to 
consider the clinical, morphological, and biochemical characteristics of 
cows, depending on their productivity levels and age.  

Thus, the aim of this study is to determine the impact of cold stress on 
the morphological indicators and acid-base balance of blood in high-
yielding lactating Holstein black-and-white cows.  
 
Materials and methods  
 

The research on lactating cows was conducted in accordance with the 
requirements of the European Convention for the Protection of Vertebrate 
Animals used for Experimental and other Scientific Purposes (1986). 
National regulatory documents were also followed, including the Law of 
Ukraine "On the Protection of Animals from Cruelty" of 2006, with 
amendments made in 2017. The research program was approved by the 
Bioethics Committee of the National University of Life and Environmen-
tal Sciences of Ukraine on October 9, 2020, under Protocol No. 46.  

The cows were provided with appropriate housing conditions in a 
frame-type barn with easily assembled structures: an area of 7.5 m² per 
cow, a stall with a rubber mat for resting measuring 220 x 110 x 115 cm, 
and feeding was carried out considering the daily requirements for nu-
trients and biologically active substances, with free access to the feed table 
and water.  

For the study, high-yielding lactating cows of the German-bred black-
and-white Holstein breed, with an average live weight of 550–600 kg, 
were used. The experiment was conducted at the Ukrainian Dairy Com-
pany LLC in Kyiv region from February 1 to February 28, 2021. Lacta-
ting cows at 40–60 days postpartum were selected and divided into groups 
based on productivity and lactation according to the scheme in Table 1.  

Table 1  
Scheme for dividing lactating cows into groups  
under loose-box housing in the winter period  

Cows, lactation number І ІІ ІІІ 
n 12 16 15 13 13 12 
Average daily milk yield, kg 20–25 35–40 20–25 35–40 20–25 35–40 

 

After the ambient temperature reached a minimum of below –15 °C 
for 10 days, and before the main feeding in the morning, clinical indicators 
were assessed, and anaerobic blood samples were collected from the tail 
vein of lactating cows in all groups. Blood samples were taken in 10 mL 
tubes and 2 mL polypropylene syringes with heparin for analysis.  

The study was conducted in a facility constructed with easily assem-
bled metal structures with the following dimensions: length – 310 m, 
width – 38 m, height – 11 m. The barn’s roof is insulated with thermal 
insulation panels. Ventilation is provided through unorganized air intake 
via side curtains, and polluted air is expelled through 42 exhaust ducts 
located at the roof's peak.  

The barn is designed to house 1,000 lactating cows simultaneously, 
divided into 4 sections with 250 cows each, using a system of free access 
to feed and water with resting boxes. The housing system is a loose-box 
system with no outdoor exercise. Feeding is provided year-round with 
high-energy feed mixtures from a feed table. The ration for lactating cows 
consisted of corn silage, oat silage, alfalfa haylage, corn grain, crushed 
corn, sunflower meal, brewers’ grains, soybean meal, feed yeast, sodium 

bicarbonate, salt, and a vitamin-mineral premix. The feeding ration per 
100 kg of body weight included: 3.7 kg of dry matter, 41.2 MJ of metaboliz-
able energy, 582 g of crude protein, 526 g of digestible protein, 416 g of 
crude fiber, 222 g of crude fat, 26.3 g of calcium, and 14.0 g of phosphorus.  

Milking is performed three times a day in a milking parlor equipped 
with a “Parallel” milking system from DeLaval (Sweden), designed to 
milk 50 cows simultaneously.  

Manure removal from the facility is done mechanically using a mini-
tractor with a bulldozer attachment. The liquid fraction of the manure is 
moved to storage tanks for subsequent processing at a biogas facility.  

The facility includes two manure channels, three rows of resting box-
es on either side of the barn, and a feed table. Cows are watered using 
group drinkers. The water for drinking is supplied from an artesian well 
with a temperature of 4–6 °C.  

Physical properties of the ambient air, barn air, feed, and drinking wa-
ter were measured daily four times with a 6-hour interval for 5 consecutive 
days. In the barn, microclimate parameters were measured at three points 
diagonally: at the center, in the northern and southern ends at the height of 
the average horizontal line of the cows' bodies. Temperature and relative 
humidity of the air were measured with an electronic weather meter Ke-
strel 3000 (USA), and temperature of water and feed was measured with 
an infrared thermometer Thermo Spot (Laserliner, Germany).  

Table 2  
Average daily dynamics of air temperature  
during the coldest period of the year (x ± SD)  

Time interval, hours Barn (n = 15) Ambient air (n = 5) 
0.00 – 6.00 1.2 ± 1.9a –21.6 ± 3.1a 

6.00 – 12.00 3.6 ± 1.7a –16.4 ± 2.4b 

12.00 – 18.00 6.9 ± 1.2b   –9.8 ± 1.5c 

18.00 – 24.00 3.7 ± 1.3a –15.5 ± 1.9b 

Note: different letters in superscripts indicate values that are significantly different 
within a column of the table (P < 0.05) according to Tukey's test.  

During the coldest period of the year, the ambient air temperature was 
lowest during the night, from 00:00 to 06:00 hours, and increased from 
06:00 to 12:00 hours, reaching its maximum from 12:00 to 18:00 hours 
(Table 2). The temperature of the air in the barn for housing lactating cows 
was significantly influenced by fluctuations in ambient air temperature. 
The average daily values of barn air temperature did not drop below 0 °C 
during different periods of the study; however, in certain areas of the barn, 
particularly at one of the ends during the night period from 00:00 to 06:00 
hours, the temperature fell to negative values, reaching –3.5 °C. During 
the day, even at its peak, the barn air temperature did not exceed 7 °C.  

Table 3  
Average daily dynamics of feed mixture and water temperature  
for cows during the coldest period of the year (x ± SD)  

Time interval, hours Feed mixture (n = 15) Water (n = 15) 
0.00 – 6.00 0.1 ± 2.8a 1.6 ± 0.4a 

6.00 – 12.00 0.8 ± 2.3a 2.6 ± 1.2a 

12.00 – 18.00 2.9 ± 2.1a 3.0 ± 1.9a 

18.00 – 24.00 0.5 ± 1.7a 1.5 ± 0.7a 

Note: see Table 2.  

The temperature of the feed mixture for lactating cows depended on 
the barn air temperature and dropped to negative values during certain 
times of the day. From 12:00 to 18:00 hours, the temperature of the feed 
mixture at the feed table was at its maximum, approaching the tempera-
ture of the water used for drinking (Table 2). Throughout the entire day 
during the coldest period of the year, the temperature of the water in the 
drinkers and the feed mixture provided to the cows was below 8 °C, 
which was outside the optimal temperature range.  

The relative humidity of the barn air during the coldest period of the 
year was not significantly affected by the ambient air humidity and fluc-
tuated within the optimal range for cows, which is 60–80% (Table 4). 

The Temperature-Humidity Index (THI) was calculated using the fol-
lowing formula: THI = 0.8 × AT + (RH (%) / 100) × [(AT − 14.4) + 46.4] 
(Mader et al., 2006), where AT is the air temperature in Celsius (°C) and 
RH denotes the percentage (%) relative humidity.  
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Table 4  
Average daily dynamics of relative humidity  
of air during the coldest period of the year (x ± SD)  

Time interval, hours Barn (n = 15) Ambient air (n = 5) 
0.00 – 6.00 69.1 ± 1.5a 47.1 ± 2.9a 

6.00 – 12.00 70.9 ± 2.2a 70.3 ± 3.4b 

12.00 – 18.00 57.8 ± 1.1b 56.3 ± 3.7c 

18.00 – 24.00 57.5 ± 1.0b 37.3 ± 2.1d 

Note: see Table 2.  

Table 5  
Average daily dynamics of temperature-humidity index  
during the coldest period of the year (x ± SD)  

Time interval, hours Barn (n = 15) Ambient air (n = 5) 
0.00 – 6.00 35.3 ± 2.1a 12.2 ± 0.8a 

6.00 – 12.00 43.2 ± 2.6b 11.4 ± 1.3a 

12.00 – 18.00 50.7 ± 2.3c 25.0 ± 2.9b 

18.00 – 24.00 43.5 ± 1.3b 22.8 ± 1.5b 

Note: see Table 2.  

The temperature-humidity index of the ambient air did not rise above 
25 units throughout the study period, while in the barn for lactating cows 
of the frame type, it remained within this norm, except during the coldest 
period of the day from 00:00 to 06:00, when it dropped to 35.3 units (Ta-
ble 5). Combined with cold feed and water, this is considered as short-
term cold stress.  

Blood parameters such as the number of erythrocytes, leukocytes, 
hemoglobin content, and leukogram were determined using the Vet Auto 
Hematology Analyzer BC-2800 Vet (Mindray, China). The study meas-
ured the following acid-base balance indicators in the blood: pH; PO2 – 
partial pressure of oxygen; PCO2 – partial pressure of carbon dioxide; 
HCO3

- – bicarbonate concentration; BE – base excess; total CO2 – total 

carbon dioxide concentration using the microanalyzer "Radelkis-OP-
210P" (Hungary).  

Statistical analysis of the research results was performed using one-
way ANOVA. Data were compared between groups of cows using the 
Tukey test. Data in tables are presented as x ± SD (mean ± standard devia-
tion). Differences between group values were considered significant at P < 
0.05 with Bonferroni correction.  
 
Results  
 

One of the important criteria that characterize the ability of high-
producing lactating cows to adapt to low air temperatures is changes in the 
morphological composition and acid-base balance indicators of the blood. 
Hematological parameters of high-producing lactating cows in their first, 
second, and third lactations with varying milk yields during the coldest 
period of winter housing did not differ from each other except for the 
number of leukocytes (Table 6). In cows of the first lactation with a daily 
milk yield of 35–40 kg, as well as in cows of the second and third lacta-
tions with milk yields of 20–25 kg and 35–40 kg respectively, the number 
of leukocytes in the blood was lower by 34.4–41.7% (P < 0.05) compared 
to cows of the first lactation with a daily milk yield of 20–25 kg.  

Regarding the leukogram of the cows’ blood, the proportion of band 
neutrophils did not change based on the level of milk production, while 
the proportion of segmented neutrophils was lower (P < 0.05) only in 
third-lactation cows with varying levels of milk production compared to 
the same indicators in second-lactation cows with a daily milk yield of 35–
40 kg. The proportions of lymphocytes, monocytes, and eosinophils in the 
blood of cows under cold stress did not depend on the number of lacta-
tions or the level of milk production. Short-term cold stress did not signifi-
cantly affect the pH, partial pressure of oxygen, bicarbonate levels, or total 
carbon dioxide concentration in the blood of lactating cows with different 
levels of milk production across different lactations (Table 7).  

Table 6  
Hematological parameters of lactating cows during untied-box housing in the coldest period of winter (x ± SD)  

Indicator 

Cows, lactation number 
І ІІ ІІІ 

Daily milk yield, kg 
20–25 35–40 20–25 35–40 20–25 35–40 

Hemoglobin, g/L 116.0 ± 3.7a 120.7 ± 2.6a 115.6 ± 2.3a 119.2 ± 5.7a 107.4 ± 6.5a 113.2 ± 2.4a 

Red blood cells, 1012/L 5.17 ± 0.24a 5.55 ± 0.24a 5.48 ± 0.18a 5.33 ± 0.14a 5.08 ± 0.12a 5.42 ± 0.13a 

Leukocytes 109/L 8.42 ± 1.08a 5.40 ± 0.17b 4.91 ± 0.41b 4.83 ± 0.51b 5.52 ± 0.45b 5.25 ± 0.64b 

Neutrophils: 
Band forms, % 
Segmented forms, % 

 
2.67 ± 0.54a 

32.2 ± 4.0ab 

 
3.01 ± 0.89a 

23.3 ± 3.3ab 

 
3.02±0.79a 

21.8 ±6.2ab 

 
4.02 ± 1.06a 

35.5 ± 1.6a 

 
2.80 ± 0.65a 

18.4 ± 4.7b 

 
2.50 ± 0.79a 

22.7 ± 2.1b 

Lymphocytes, % 58.2 ± 4.8a 63.8 ± 3.4a 62.2 ± 6.7a 50.0 ± 2.6a 63.1 ± 4.9a 58.8 ± 2.3a 

Monocytes, % 5.67 ± 1.22a 6.33 ± 1.49a 10.83 ± 2.65a 7.33 ± 1.57a 9.43 ± 1.64a 9.33 ± 0.97a 

Eosinophils, % 1.33 ± 0.37a 3.50 ± 1.46a 2.21 ± 0.42a 3.17 ± 0.66a 6.41 ± 3.60a 4.67 ± 1.93a 

Note: different letters in the superscripts indicate values that are significantly different within the same row of the table (P < 0.05) according to Tukey's test; for values of n, see 
Table 1.  

Table 7  
Acid-base balance in the blood of lactating cows under free-box housing in winter (x ± SD)  

Indicator 

Cows, lactation number 
І ІІ ІІІ 

Daily milk yield, kg 
20–25 35–40 20–25 35–40 20–25 35–40 

рН 7.38 ± 0.01a 7.38 ± 0.01a 7.38 ± 0.01a 7.38 ± 0.01a 7.39 ± 0.01a 7.39 ± 0.01a 

Ро2, mm. Hg 62.6 ± 2.6a 62.1 ± 6.1a 59.5 ± 3.2a 62.5 ± 3.2a 59.6 ± 1.2a 60.2 ± 1.6a 

Рсо2, mm. Hg 42.3 ± 1.6a 41.0 ± 2.1a 57.1 ± 3.1b 58.1 ± 1.2b 57.4 ± 5.6b 58.6 ± 5.1b 

НСО3
-, mM 23.40 ± 0.35a 23.9 ± 0.55a 23.34 ± 0.24a 23.12 ± 0.36a 23.58 ± 0.25a 23.62 ± 0.41a 

Total CO₂, mM 24.66 ± 0.38a 25.14 ± 0.61a 25.04 ± 0.19a 24.24 ± 0.39a 25.28 ± 0.19a 25.38 ± 0.38a 

BE, mM –0.58 ± 0.38a –0.40 ± 0.62a –0.52 ± 0.21a –0.86 ± 0.33a –0.46 ± 0.14a –0.82 ± 0.29a 

Note: see Table 6; values of n are given in Table 1.  

The partial pressure of CO2 in the blood of first-lactation cows, re-
gardless of milk yield, was lower (P < 0.05) than in cows of second and 
third lactations. During cold stress, cows of first, second, and third lacta-
tions, regardless of milk yield, showed negative values for the buffer base 
shift, which corresponds with the blood pH values and indicates the de-
velopment of metabolic acidosis in the animals.  
 

Discussion  
 

As expected, during the coldest period of the year in Kyiv Oblast, 
Ukraine, the lowest atmospheric temperature was observed at night, while 
the highest was during the day. These fluctuations in atmospheric temper-
ature are largely due to its heating by solar energy during the day and 
cooling after sunset. This decrease in atmospheric temperature led to a 
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drop in the air temperature inside the barn, reaching sub-zero values. Al-
though the barn temperature increased during the day, it did not exceed 
7 °C, which was significantly below the thermoneutral zone for cows, 
recommended by the National Research Council (1981) as 13–18 °C. 
It should also be noted that there is no unanimous agreement among re-
searchers regarding the thermoneutral zone for cows. For example, Lees 
et al. (2019) suggest that a temperature range of –0.5 to 20.0 °C can ensure 
the well-being of dairy cows. However, breed and physiological characte-
ristics of cattle, their breeding area, feeding level, productivity, and other 
environmental factors such as wind and precipitation must be considered.  

Our research results align with those from Angrecka et al. (2020), 
conducted in Poland, which showed a dependency of indoor temperature 
in light-frame structures on atmospheric temperature during the winter 
period.  

The temperature of the feed table and feed for cows depended on the 
barn's air temperature. Since the feed mixture used for cows is close in 
temperature to the atmospheric air, it warms up after being distributed, 
nearly reaching the barn's air temperature. The feed temperature was 
lower than the water temperature in the drinking troughs, indicating that it 
requires some time to heat up. During the daytime, when the maximum 
barn temperature is recorded, the feed temperature almost reaches that of 
the water. It should be noted that during the coldest period of the year, the 
temperature of the feed mixture and drinking water was lower than re-
commended by most researchers and was considered uncomfortable. 
For instance, Golher et al. (2021) argue that water consumption by dairy 
cows is directly or indirectly influenced by several factors, including 
breed, body weight, physiological state, age, stress, ecological adaptation, 
and environmental factors such as season, ambient temperature, humidity, 
wind speed, and precipitation. They emphasize that for adequate water 
consumption, the temperature difference between the water and the cows’ 
body temperature should be minimal. They also demonstrated that warm 
water can improve dairy cattle performance. The basis for overcoming 
cold stress is the ability of warm water to reduce the heat cost for warming 
the feed mixture and conserving energy in dairy cattle. In cold winters, 
especially in highland areas, Golher et al. (2015) even recommend provid-
ing cows with water heated to 35–40 °C. Petersen et al. (2016) also noted 
that water at 8.2 °C is considered cold, which reduces its consumption, 
decreases ruminal content temperature, and impairs digestion in the sto-
mach compartments of ruminants.  

It should also be noted that the relative humidity of the air in the barn 
during the coldest period of the year was within the normative range for 
cows, which is 40–80% (Yilmaz et al., 2020). The highest values of rela-
tive humidity in the air of the frame-type barn were recorded during the 
night from 00:00 to 06:00 and from 18:00 to 24:00. During the period 
from 06:00 to 18:00, the relative humidity of the atmospheric air and the 
barn air were almost at the same level. This is primarily due to the tech-
nological operations performed during this time, including feed distribu-
tion, manure removal, and milking, which involve frequent opening and 
closing of gates and more intensive air exchange in the building due to the 
movement of vehicles, service personnel, and the animals themselves.  

The THI threshold for cold stress usually occurs at THI = 38, which 
can cause a reduction in milk production in Holstein cows (Hu et al., 
2018). The THI of the atmospheric air during the coldest period of the 
year in Kyiv Oblast was below 38 units and did not vary with the time of 
day. In the frame-type barn, the THI was close to the comfort zone for 
most of the day, except during the night when it was 35 units. This is 
considered a short-term cold stress, which, combined with the low tem-
perature of the feed and water, can cause certain changes in the adaptive 
capacity of lactating cows.  

Cold stress induces physiological, metabolic, and immune changes in 
cattle to maintain homeostasis (Kim et al., 2023; Mota-Rojas et al., 2024). 
In our experiment, the response of high-producing cows to short-term cold 
stress was primarily reflected in changes in leukocyte count. The number 
of leukocytes in the blood of cows during the coldest period of the year 
depended on lactation and decreased with age, indicating specific adapta-
tion features. Most of the leukogram data we obtained align with the 
norms established for Holstein cattle depending on lactation and age (Mo-
retti et al., 2017). Specifically, the authors found higher values for red and 
white blood cells in first-lactation cows compared to older cows, which is 

also evident in our research results influenced by cold stress. Our research 
findings somewhat align with the data from Butt et al. (2022), who studied 
the effect of cold stress assessed by Wind Chill Temperature (WCT) on 
hematological parameters in crossbred cattle. Specifically, their study 
found no effect of WCT on hemoglobin concentration, erythrocyte sedi-
mentation rate, and hematocrit in the temperature range from 13.51 ± 1.09 
to 5.67 ± 0.51 °C over 14 weeks, although other hematological profile 
indicators were not considered. However, it is noted in their study that cold 
stress is evident in crossbred cattle at WCT temperatures from 5.67 ± 0.51 
to 16.01 ± 0.72 °C. Shephard & Maloney (2023) indicate an increase in 
the number of erythrocytes in calves during cold stress, although similar 
studies regarding lactating dairy cows are scarce.  

The indicators of acid-base balance in the blood of lactating cows 
with different milk production levels and lactations indicate metabolic 
shifts in the body as a response to a significant amount of high-protein 
concentrated feed in the cows' diet. Considering that most studies focus on 
the impact of heat stress on the acid-base balance in cows (Afzaal et al., 
2004), comparing our results on the effect of cold stress on these parame-
ters is not feasible. Therefore, to compare our results, we used physiologi-
cal parameters for dairy cattle blood such as pH, partial pressure of carbon 
dioxide (PCO2), base excess ([BE]), and standard bicarbonate ([HCO3

−]), 
which should be 7.38–7.43; 5.2–6.4 kPa; 0.5 – 4.5 mmol/L; and 23.5–
27.0 mmol/L, respectively (Indrova et al., 2017). It should be noted that 
while the pH and standard bicarbonate levels in the blood of cows during 
short-term cold stress were within normative values, the base excess was 
more pronounced in older cows with a daily milk yield of 35–40 kg, par-
ticularly in second and third lactations. This is largely explained by the 
depletion of alkaline equivalents in the bodies of lactating cows with age 
and their increased excretion with milk in high-yield cows.  

Habibu et al. (2019) indicate that the preservation of heat in cow tis-
sue during cold stress is associated with a decrease in the partial pressure 
of oxygen, which is related to a respiratory effect achieved through re-
duced breathing frequency and consequently, increased oxygen saturation 
in the arterial blood. This somewhat aligns with the results of our studies, 
which show an increase in the partial pressure of carbon dioxide in the 
blood of older lactating cows, specifically those in their second and third 
lactations, compared to first-lactation cows. However, to confirm this, it is 
necessary to compare the acid-base status of cow blood during periods of 
thermal comfort or thermal stress, as well as indicators of energy metabo-
lism in tissues.  
 
Conclusions  
 

Keeping high-yielding Holstein cows in large prefabricated frame-
type barns with a loose-box system in a temperate climate zone is asso-
ciated with significant temperature fluctuations, which can cause short-
term cold stress during the winter period. It has been established that a 
decrease in atmospheric temperature to –21.6 °C leads to a drop in the air 
temperature in the large frame barn during the night in some areas to  
–3.5 °C. Daily temperature fluctuations of feed and water during the col-
dest period of the year depend on the barn's air temperature and are outside 
the thermal comfort zone for cows. The relative humidity of the air in the 
frame-type barn is not significantly affected by the atmospheric humidity 
and remains within normative parameters. During the night in the frame-
type barn during the coldest period of the year, the temperature-humidity 
index drops to 35 units, which corresponds to a mild cold stress zone. 
Cold stress causes a decrease in the number of leukocytes in the blood of 
first-lactation cows with a daily milk yield of 35–40 kg, and in cows of the 
second and third lactations regardless of yield, ranging from 34.4% to 
41.7%. Cold stress also reduces the percentage of segmented neutrophils 
by 12.8–17.1% in the blood of third-lactation cows, while no such chan-
ges are observed in younger cows. Cold stress leads to a decrease in the 
partial pressure of CO2 in the blood of first-lactation cows. In cows, re-
gardless of milk production level and lactation, a negative base excess 
value is registered, which aligns with the blood pH level and indicates the 
development of metabolic acidosis in the body. The obtained experimen-
tal data can be used to justify measures to reduce heat loss in barns and to 
adjust the conditions for keeping high-yielding dairy cows during the 
winter period.  
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