
Article Not peer-reviewed version

Influence of Heat Stress on Some

Biochemical Indicators in the Blood of

Dairy Cows

Toncho Penev * and Martin Stojnov

Posted Date: 19 September 2024

doi: 10.20944/preprints202406.1585.v2

Keywords: dairy cows; heat stress; blood; biochemical parameters

Preprints.org is a free multidiscipline platform providing preprint service that

is dedicated to making early versions of research outputs permanently

available and citable. Preprints posted at Preprints.org appear in Web of

Science, Crossref, Google Scholar, Scilit, Europe PMC.

Copyright: This is an open access article distributed under the Creative Commons

Attribution License which permits unrestricted use, distribution, and reproduction in any

medium, provided the original work is properly cited.

https://sciprofiles.com/profile/2999720


 

Article 

Influence of Heat Stress on Some Biochemical 

Indicators in the Blood of Dairy Cows 

Toncho Penev * and Martin Stojnov 

Department of Ecology and Animal Hygiene, Faculty of Agriculture, Trakia University,  

6000 Stara Zagora, Bulgaria 

* Correspondence: toncho.penev@trakia-uni.bg 

Abstract: Heat stress (HS) is a strong stress factor that significantly affects the metabolism of dairy cows. The 

aim of the present study was to investigate how HS affects some biochemical indicators in the blood of dairy 

cows reared in Bulgaria. The study was conducted on a cattle farm with a capacity of 500 Holstein cows, loose 

housed in a free stall barn shed type. The research was carried out in three seasons - summer, autumn and 

winter, and a total of 77 samples were taken from the cows of the farm - 30 blood samples for each season. The 

cows included in the study were from 30 to 60 days in milk (DIM). Temperature and humidity data were taken 

from the closest to the farm weather station. Based on the conducted research, it was found that the HS reported 

during the summer season had a significant impact on the following blood parameters: glucose, urea, total 

protein and cortisol. In summer, blood glucose values were low and ranged from 1.32 to 1.63 mmol/l in cows 

on different lactations. Probably because of these low glucose levels, high levels of total protein, ranging from 

76.92 to 86.10 g/l, were reported in cows from the first to third lactation. This protein was used by cows to 

provide energy from non-carbohydrate sources and as a residual product, higher blood urea levels were 

reported in summer, ranging from 4.79 to 5.23 mmol/l. As proof of the stressful influence of heat on the 

metabolism of the examined cows, the cortisol values in the summer were in the upper reference norms - 38.44 

nmol/l or higher and reached 59.09 nmol/l. 
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1. Introduction 

Nowadays, we are witnessing a noticeable global warming, resulting in an increase in ambient 

temperature even in more northern latitudes with a moderate climate [1–3]. An intergovernmental 

report on climate change indicates that the Earth's temperature has risen by 1.2 ºC since the Industrial 

Revolution to the present day [4]. On the other hand, in recent decades, there has been increasingly 

intensive selection in dairy cattle farming to increase productivity. The lactation period also 

significantly affects the metabolism of dairy cows [5]. All of this makes dairy cows increasingly 

susceptible to the impending climate changes associated with global warming [6], and the welfare of 

these animals increasingly depends on strategies to alleviate heat stress [7]. 

Studying the biological mechanisms occurring during heat stress (HS) in cows is of crucial 

importance for making the right decisions to mitigate the negative impact of HS on animal 

productivity [6]. Modern dairy cows are highly productive animals with a very intensive metabolism. 

Therefore, an in-depth analysis of serum parameters can provide explanations for the physiological 

changes that occur under HS conditions [8]. Blood biochemical parameters provide objective 

information about the biophysical and biochemical processes occurring in the cows' bodies [8]. 

Mylostyvyi & Sejian [9] demonstrate that environmental conditions are one of the main stress factors 

affecting hematological and chemical parameters in cows' blood. Blood tests are valuable because 

they provide information about the cows' condition before clinical signs of disease or different types 

of stress occur and can be used for the diagnosis and prevention of these conditions [10]. 
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Taking into account the above and the relatively small number of similar studies in recent years 

on dairy cows in Bulgaria, it gives us a reason to conduct a study of the influence of heat stress on 

some biochemical indicators in the blood of dairy cows reared in Bulgaria. 

2. Material and Methods 

The study was conducted in a cattle farm located in Central South Bulgaria. The farm had a 

capacity of 500 Holstein cows. During the study period (March – October 2022) the number of cows 

in milk ranged from 220 to 250. Cows were housed loose in free stall open barn (shed type). They 

were divided into groups depending on the DIM and physiological state. Feeding was ad libitum 

with a total mixed ration, according to the physiological state and the level of milk production and 

was not changed during the entire period of the study. The average milk yield from a cow for a 305 

day lactation was 10000 kg. 

The research was done in three seasons, summer, autumn and winter, and a total of 77 samples 

were taken from 77 different cows reared on the farm and calved during the three seasons studied. 

For the summer season in the conditions of a temperate continental climate, the months of June, July 

and August are accepted. The autumn season includes the months of September, October and 

November, and the winter season includes December, January and February. Cows from 30 to 60 

DIM were included in the study. 

The cows were from the first to the third lactation, respectively on the 1st - 28, on the 2nd - 24, 

and on the 3rd - 25 cows. 

The blood samples were taken once for each season from the tail vein during routine veterinary 

monitoring of the health status of the cows on the farm, respectively on 17.02, 26.07 and 21.10.2022. 

The data on the climate indicators for the farm area, temperature and air humidity were taken 

from the nearest Meteorological Station, the city of Plovdiv and were for the year 2022. 

From the data on the temperature and humidity of the air, the values of the Temperature-

Humidity Index (THI) were also calculated according to the formula of Thom [11]: 

0.8 х Т0 + (В0/100) х (Т0 + 14.4) + 46.4,  

where: T0 is the air temperature in ºС, B0 is the percentage of air humidity. 

The blood samples were examined in a specialized laboratory Zinvest (Stara Zagora). The 

following indicators were examined: 

- Glucose - hexokinase method, 

- Triglycerides - GPO-PAP method, 

- Urea – Uryase/GLDH method 

- Total protein - Biuret End Point method 

- ASAT, ALAT, GGT and alkaline phosphatase - enzymatic IFCC method at 37oC 

- Cortisol - ECLIA method  

- Inorganic phosphorus and calcium - ammonium phosphomolybdate UV method and Arsenaso 

III method. 

Roche Cobas Integra 400+ and Roche Cobas E 411 devices were used for this purpose. 

To determine the influence of HS on some hormones, a study was done to determine the 

concentrations of prolactin and cortisol. Roche Cobas E 411 device and ECLIA method were used. 

2.1. Statistical Data Analysis 

MS Excel and IBM®  SPSS®  Statistics 26.0 statistical packages were used for basic statistical data 

processing. Levene's Test was used to check the homogeneity of the data. Univariate ANOVA 

analysis with Post Hoc procedure by LSD or Dunnett T3 tests depending on the results of Levene's 

test for homogeneity was used to evaluate the influence of the factors season and number of lactations 

on the studied blood indicators. 
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3. Results 

Table 1 presents the average values and variation of the main climate indicators included in the 

study for the farm area for summer, autumn and winter seasons. It can be seen that these values were 

typical for a temperate continental climate. In the variation of the average daily temperature, only in 

the summer season values at the temperature comfort limit of 25 °C were reported. There are no 

significant differences in the percentage of air humidity by season. The daily average values for the 

three seasons were from 63.21 to 77%, with the highest average value for the winter season, Table 1. 

The climate indicator that more accurately characterizes the conditions of the environment is the 

THI, which was calculated by including the two indicators - air temperature and percentage of air 

humidity. From the average daily values of THI, it was found that during the summer season the 

cows included in the study were in conditions of HS - about 72. This indicates that this season was 

the main one in which cows would experience heat stress.  

Table 1. Average values and variation of the main climate indicators for the farm area. 

Indicator 
Number of 

reports 

Statistical data 

x ± Se SD min max 

Average daily air temperature, ºС 

Summer 92 24.27 ± 0.25 2.40 18.0 28.6 

Autumn 90 14.80 ± 0.52 4.95 4.70 24.9 

Winter 90 4.84 ± 0.36 3.42 -4.0 12.7 

Average daily air humidity, % 

Summer 92 63.21 ± 1.12 10.70 45 93 

Autumn 90 69.16 ± 1.20 11.38 50 96 

Winter 90 77.00 ± 1.37 12.99 46 97 

Average daily values of THI 

Summer 92 71.78 ± 0.30 2.89 64.15 76.96 

Autumn 90 58.23 ± 0.80 7.55 41.29 72.52 

Winter 90 42.91 ± 0.56 5.36 30.97 55.37 

The summarized values of THI from one month before and for the month during the study are 

presented in Table 2. For the samples taken in February, the daily average values for THI, on which 

the cows were exposed were from 44.2 (in January) to 44.6 (February), and the maximum was 52.0. 

For the July samples, they were from 70.1 (in June) to 72.8 (July), and the maximum from 82 to 85.6, 

respectively. For October samples, respectively, they were from 50.00 to 58.1, in September and 

October for daily averages and maximums from 70.2 to 59.8. Due to the coming cooling in October, 

it was logical that THI values in September were higher than those in October. 

Table 2. Values of THI with effect on the cows by the month of blood examination. 

THI values 
Samples from February Samples from July Samples from October 

January February June July September October 

Daily 44.17±0.87 44.63±1.39 70.09±0.50 72.81±0.48 58.07±0.65 50.95±0.97 

Maximum 52.02±1.30 52.01±1.98 82.04±0.96 85.64±1.04 70.18±0.74 59.81±1.61 

Minimum 38.22±0.77 39.38±0.84 60.78±0.49 62.33±0.40 49.98±0.76 44.95±0.81 

Table 3 presents the reference, average values and variations of the results for the biochemical 

indicators of the blood during the summer season of the cows on the first, second and third lactation. 

From the data, it can be seen that statistically significant differences between lactations (at P < 0.05) 

were found only in a few indicators - total protein, ASAT, ALAT and GGT. Regarding the total 

protein in the blood, significant differences were found between the cows on first and those on third 

lactation. In ASAT, significant differences were found between cows on second and third lactation. 

Statistically significant differences were reported in the summer season for the ALAT indicator 
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between cows on first and second lactation. A statistically significant model was registered only for 

the GGT indicator, as statistically significant differences were reported between cows он first and 

third lactation. This shows that within the summer season the lactation factor did not have a 

significant impact on the studied blood indicators. For all other listed indicators with significant 

differences between lactations, a significance of the model was not reported. It is noteworthy that the 

values of glucose and triglycerides in the blood were below the reference values in all three lactations. 

Concentrations of GGT were above normal in cows on third lactation, of total protein in cows on 

second and third lactation, and of cortisol in cows on first and second lactation. 

Table 3. Basic statistics and Univariate ANOVA of the studied blood indicators during summer 

season in cows on first, second and third lactation. 

Indicator. 

(n=77) 

Reference 

values 

First 

lactation 

Second 

lactation 

Third 

lactation 
  

𝑥̅ ± 𝑆𝐷 𝑥̅ ± 𝑆𝐷 𝑥̅ ± 𝑆𝐷 Sig. (p) R2 

Glucose 2-3 (mmol/l) 2.82±0.37  2.63±0.56  2.77±0.38  0.729  0.028 

Triglyceride

s 
0.2-0.5 (mmol/l)  0.09±0.045  0.09±0.023 0.07±0.025 0.340 0.093 

Urea 2.8-8.5 (mmol/l) 2.57±0.59 a 3.49±0.54 a 3.05±0.59  0.029 0.276 

Total 

protein 
65-80 (g/l) 72.41±8.97  75.82±2.49 73.53±6.57  0.692 0.033 

ASAT 45-110 (U/I) 94.45±18.01 123.98±34.91 111.07±29.94 0.156 0.156 

ALAT   7-35 (U/I) 16.28±5.39  23.22±5.88  20.85±7.49 0.141 0.163 

GGT 4.9-26 (U/I) 22.23±6.23 a 42.82±15.75 ab 28.77±11.23 ab 0.009 0.348 

ALP   18-153 (U/I) 69.98±17.60 53.60±16.89 54.83±15.22 0.098 0.190 

Prolactin - 0.90±0.00 0.90±0.00 0.90±0.00 -- -- 

Cortisol 40-50 (nmol/l) 14.95±8.40 10.56±9.38 16.50±12.82 0.599 0.046 

Inorganic 

phosphorus 

1.52-2.25 

(mmol/l) 
1.85±0.25 1.93±0.23 1.92±0.18 0.737 0.029 

Calcium 2.3-3.2 (mmol/l) 2.31±0.10 2.39±0.08 2.27±0.12 0.157 0.155 

* Same superscripts within the same rows represent significant differences at the level of significance p < 0.05 as 

follows: a-a; b-b between first, second and third lactation; Post Hoc test: LSD or Dunnett T3 depend on the Levene’s 

Test of Equality of Error Variances; SD – Standard deviation; R2 – Coefficient of determination; n – number of the 

observations. 

Table 4 presents the reference values, average values and variations of the results for the blood 

biochemical indicators of the cows on first, second and third lactation during the autumn season. 

From the data, it can be seen that statistically significant differences between different lactations (at 

P < 0.05) were found only for the urea and GGT indicators. For urea, significant differences were 

found only between first and second lactation cows. For the GGT indicator, significant were only the 

differences between cows on first and second and between first and third lactation. For both blood 

indicators, the model was statistically significant (at P < 0.05). Deviations from the reference values 

were observed for triglycerides, which were below the norm in all three lactations. Subnormal values 

were observed for urea in first lactation cows, cortisol in all three lactations, and blood calcium in 

third lactation cows. ASAT values were above normal in second and third lactation cows. 
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Table 4. Basic statistics and Univariate ANOVA of the studied blood indicators during autumn season 

in cows on first, second and third lactation. 

Indicator 

(n=77) 

Reference 

values 

First 

lactation 

Second 

lactation 

Third 

lactation 
  

𝑥̅ ± 𝑆𝐷 𝑥̅ ± 𝑆𝐷 𝑥̅ ± 𝑆𝐷 Sig. (p) R2 

Glucose 2-3 (mmol/l) 1.58±0.35  1.61±0.62 1.32±0.48 0.41  0.065 

Triglyceride

s 
0.2-0.5 (mmol/l)  0.08±0.026  0.09±0.036 0.08±0.025 0.54  0.046 

Urea 2.8-8.5 (mmol/l) 4.63±0.97  5.0±1.09 5.23±1.29 0.49 0.053 

Total 

protein 
65-80 (g/l) 76.82±9.26 a 83.76±7.86 86.10±9.06 a 0.063 0.192 

ASAT 45-110 (U/I) 87.79±17.53 108.57±41.00 a 78.02±32.18 a 0.121 0.150 

ALAT   7-35 (U/I) 14.74±3.68 a 19.27±5.73 a 18.45±3.96 0.062 0.192 

GGT 4.9-26 (U/I) 18.41±6.64 a 23.90±3.79 44.20±38.47 a 0.032 0.233 

ALP   18-153 (U/I) 46.92±15.36 79.31±52.48 61.00±39.18 0.158 0.132 

Prolactin - 0.97±0.07 0.95±0.08 1.00±0.00 0.414 0.066 

Cortisol 40-50 (nmol/l) 56.87±29.05 59.09±35.85 38.43±29.03 0.340 0.080 

Inorganic 

phosphorus 

1.52-2.25 

(mmol/l) 
1.86±0.31 1.81±0.26 1.75±0.22 0.685 0.029 

Calcium 2.3-3.2 (mmol/l) 2.35±0.10 2.35±0.10 2.32±0.09 0.868 0.011 

* Same superscripts within the same rows represent significant differences at the level of significance p < 0.05 as 

follows: a-a; b-b between first, second and third lactation; Post Hoc test: LSD or Dunnett T3 depend on the 

Levene’s Test of Equality of Error Variances; SD – Standard deviation; R2 – Coefficient of determination; n – 

number of the observations. 

Table 5 presents the reference values, average values and variations of the results for the blood 

biochemical indicators of the cows on first, second and third lactation during the winter season. In 

the indicator glucose, statistically significant differences were found between cows on first and 

second and between those on first and third lactation. For this indicator, the model was statistically 

significant (at Р < 0.05). It must be noted that for glucose the values for all three lactations are above 

the reference values for the species. Deviation from the reference values was observed for some 

indicators, as for triglycerides they were below the norm for all three lactations, while for total protein 

and GGT they were above the norm for all three lactations. The ASAT in the blood was above the 

norm only in cows on third lactation. 

Table 5. Basic statistics and Univariate ANOVA of the studied blood indicators during winter season 

in cows on first, second and third lactation. 

Indicator 

(n=77) 

Reference 

values 

First lactation 
Second 

lactation 
Third lactation   

𝑥̅ ± 𝑆𝐷 𝑥̅ ± 𝑆𝐷 𝑥̅ ± 𝑆𝐷 Sig. (p) R2 

Glucose 2-3 (mmol/l) 3.57±0.18 a 3.06±0.30 ab 3.26±0.24 a   0.003  0.444 

Triglyceride

s 

0.2-0.5 

(mmol/l)  
0.09±0.012  0.08±0.043 0.08±0.033 0.942 0.006 

Urea 
2.8-8.5 

(mmol/l) 
3.66±1.14  3.63±0.46  3.30±1.07  0.724 0.032 

Total 

protein 
65-80 (g/l) 89.77±6.49  89.47±7.93 87.51±6.39  0.828 0.019 

ASAT 45-110 (U/I) 85.84±17.74 106.58±26.57 113.36±26.87 0.119 0.192 

ALAT   7-35 (U/I) 18.91±4.06  19.33±5.03  20.75±4.64 0.763 0.027 

GGT 4.9-26 (U/I) 31.07±11.16  39.36±47.17  39.56±20.87  0.863 0.015 

ALP   18-153 (U/I) 79.32±18.98 63.19±20.88 61.18±11.03 0.149 0.173 
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Prolactin - 1.10±0.00 1.10±0.00 1.10±0.00 -- -- 

Cortisol 40-50 (nmol/l) 39.09±14.41 27.46±23.90 25.94±20.84 0.439 0.079 

Inorganic 

phosphorus 

1.52-2.25 

(mmol/l) 
1.97±0.24 1.85±0.23 1.81±0.21 0.444 0.078 

Calcium 
2.3-3.2 

(mmol/l) 
2.47±0.09 2.44±0.10 2.43±0.08 0.722 0.032 

* Same superscripts within the same rows represent significant differences at the level of significance p < 0.05 as 

follows: a-a; b-b between first, second and third lactation; Post Hoc test: LSD or Dunnett T3 depend on the 

Levene’s Test of Equality of Error Variances; SD – Standard deviation; R2 – Coefficient of determination; n – 

number of the observations. 

Figure 1 presents the data of the studied blood indicators in the first lactation cows by season. 

Significant differences were found in the indicators: glucose; urea; total protein; GGT; alkaline 

phosphatase; prolactin; cortisol and calcium during the different seasons. For glucose, significant 

differences were observed between summer and autumn, summer and winter and between autumn 

and winter. The lowest blood glucose values were recorded in summer and the highest in winter. For 

the urea indicator, significant differences were observed between summer and autumn, summer and 

winter and between autumn and winter seasons. In the summer, the highest blood urea values were 

reported. For total protein, the highest values were recorded in winter. Significant differences were 

registered between summer and winter and between autumn and winter. For the GGT indicator, 

significant differences were registered between summer and winter and between autumn and winter. 

The lowest values were recorded in summer and the highest in winter. In the case of alkaline 

phosphatase, significant differences were reported between the seasons summer and autumn, 

summer and winter and between autumn and winter. The lowest values were recorded in summer 

and the highest in winter. 
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Figure 1. Values of blood indicators in first lactation cows by season. Statistically significant differences of 

the studied blood indicators by seasons are marked with the same letters - a-a; b-b at P < 0.05. 

For prolactin, significant differences were reported between the seasons summer and autumn, 

summer and winter and autumn and winter. The lowest values were recorded in autumn, and the 

highest in winter. For the blood cortisol indicator, significant differences were reported between 

summer and autumn and between summer and winter. The values of cortisol in the blood in summer 

differ significantly from those registered in autumn and winter. The lowest values of this indicator 

were reported in autumn, and the highest in summer. For the blood calcium indicator, significant 

differences were reported between summer and winter and between autumn and winter. The lowest 

values were in summer and the highest in winter. 

Figure 2 presents the data for the studied blood indicators by season in cows on second lactation. 

From the data, it can be seen that significant differences were found in the indicators glucose, urea, 

total protein, prolactin and cortisol. For glucose, statistically significant differences were reported 

between summer and autumn, summer and winter and between autumn and winter. Lowest values 

as found in first lactation cows were reported in summer, followed by values in autumn, and highest 

in winter. For urea in the blood, significant differences were established between summer and 

autumn, summer and winter and between autumn and winter. The highest values of this indicator 

were recorded in summer, and the lowest in autumn. Statistically significant differences were 

registered between the summer and autumn and between autumn and winter seasons for the 

indicator total protein in the blood. The highest protein values were recorded in winter and the lowest 

in autumn. A similar trend was also found in first lactation cows. Regarding the prolactin, statistically 

significant differences were found between the summer and winter and between autumn and winter 

seasons. The lowest values of this indicator in the blood were found in autumn, and the highest in 

winter. The blood cortisol of cows on second lactation maintained the trends observed in cows on 

first lactation. The highest values were recorded in the summer season, and the lowest in autumn. 

Statistically significant differences are reported between summer and autumn, summer and winter 

and between autumn and winter. 
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Figure 2. Values of blood indicators in second lactation cows by season. Statistically significant 

differences of the studied blood indicators by seasons are marked with the same letters - a-a; b-b at P 

< 0.05. 
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Figure 3 presents the data of the studied blood indicators by season in the cows on third 

lactation. Significant differences were reported for the following indicators: glucose, urea, total 

protein, ASAT, cortisol and calcium. Similar to the trends observed in first and second lactation cows, 

blood glucose values were lowest in the summer. Statistically significant differences on this indicator 

are established between summer and autumn, between summer and winter, and between autumn 

and winter. For the blood urea indicator, statistically significant differences were again established 

between the values recorded in summer and autumn, summer and winter, autumn and winter. The 

highest values of urea were recorded in summer. For the indicator of total protein in the blood, 

significant differences were reported between summer and winter and between autumn and winter. 

The lowest values for this indicator were recorded in autumn, and the highest in winter. The values 

of the ASAT indicator in the blood have statistically significant differences between summer, 

compared to those measured in autumn and winter. For the blood cortisol indicator, significant 

differences were reported between the values recorded in summer, autumn and winter. The highest 

values of this indicator were again recorded in the summer, and the lowest in the autumn, as in the 

case of cows on first and second lactation. Statistically significant differences were registered between 

the values recorded in autumn and winter for the blood calcium indicator. The lowest values of this 

indicator were recorded in autumn, and the highest in winter. 
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Figure 3. Values of blood indicators in third lactation cows by season. Statistically significant differences of 

the studied blood indicators by seasons are marked with the same letters - a-a; b-b at P < 0.05. 

4. Discussion 

From the data presented in Table 1, it can be seen that the highest temperatures were recorded 

in summer and the lowest in winter. The winter was relatively mild – average daily temperatures 

were around 4 ºС, varying from -4.0 to 12.7 ºС. The most serious was the problem with air 

temperatures in the summer season. The average daily temperature for the season was 24.27 ºС, 

reaching 28.6 ºС. An ambient temperature between 0°C and 25°C has been found to be optimal for 

dairy cows [12], but above 25°C cause rise to their body temperature, leading to to HS. 

The environmental conditions are determined more accurately by THI, calculated on the basis 

of air temperature and percentage of air humidity. Solar radiation, air temperature and relative 

humidity percent are the most important climatic variables that determine HS [13]. 

It is obvious that during the summer season the daily average THI values were 71.78, with a 

deviation up to 76.96 High values were also recorded in the autumn - up to 72.52. 

Gantner et al. [14] indicated that THI values in spring and summer in the three regions of Croatia 

(Eastern, Mediterranean and Central) exceed values of 72, during which cows are at risk of HS. During 

the autumn and winter, when THI values are usually lower than 72, cows rarely experience heat stress. 

Armstrong [15] classified HS into three types according to the THI: mild (72 to 78 units), moderate 

(79 to 89 units), and severe (90 to 98 units). According to a number of authors, a THI above 72 is accepted 

as the threshold for inducing heat stress in the tropics [16,17], while in temperate zones, high-producing 

cows may be affected by heat stress and in more low THI values of 60 [18,19]. According to Blond et al. 

[20] in Serbia, a neighboring country with similar climatic conditions to Bulgaria, in June and July THI 

values range between 72 and 90, which represents moderate to severe heat stress.  

According to the reported THI values in the farm area, in the summer it can be said that the cows 

were exposed to HS almost 24 hours a day, and such conditions were also reported during separate 

periods in the spring and autumn. Considering the fact that the building (shed type) provides almost 

no protection from the external conditions, the animals were exposed to the risk of HS. 

The values presented in Table 2 show that the cows from which samples were taken in July were 

exposed to HS (mild to moderate) long enough to expect consequences not only on physiological 

indicators, but also on indicators related to the homeostasis of the animals. According to Zimbelman et al. 

[21] high yielding dairy cows decrease their milk yield at a THI of approximately 68. Cattle have been 

shown to become more sensitive to HS as productivity increases [17]. Indeed, as daily milk yield increases 

from 35 kg to 45 kg, sensitivity to TC increases and threshold temperature decreases by 5°C [22]. This 

increased sensitivity may be explained by the additional heat associated with the synthesis of more milk. 
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In other studies [23,24] reported that a THI of 68 is already a critical value at which dairy cows 

will start to show HS symptoms. Another study [25] found symptoms of HS in high-producing dairy 

cows when the average daily THI was above 68 units or when the minimum THI was above 65 units. 

In our study, such values for maximum THI were reported in the month of September and may 

therefore affect the cows studied for the autumn season. 

Table 3 presents reference values, average values and variations of the studied blood indicators 

in cows on first, second and third lactation during the summer season. It can be seen that the blood 

glucose values were lower than the reference values for the species in all three lactations. In early 

lactation, lipolysis and insulin resistance increase to direct glucose to the udder to maintain lactation, 

and during heat stress, insulin sensitivity increases and lipolysis decreases, diverting glucose to 

tissues [6]. In confirmation of this hypothesis and the results obtained by us, there are also the studies 

of Ivanova et al. [8]. The authors found glucose values of 1.38 to 1.60 mmol/l under conditions of 

moderate heat stress. It has been proven that, under the influence of HS, the basal concentrations of 

insulin in the blood increase, as well as high values of the glucose tolerance test [26,27]. It is believed 

that this is an adaptive-protective mechanism that occurs under the influence of stress factors [28]. 

According to Shahzad et al. [29] glyconeogenesis in lactating cows is much more intense during warm 

periods compared to cold seasons of the year. Higher values of THI (respectively HS), according to 

the authors, forces the cows to increase their metabolism, while at the same time they have a low feed 

intake. In addition, the mammary gland needs glucose for the synthesis of lactose, and the body also 

uses energy to control its body temperature - cooling. All of the above fully explains the low blood 

glucose values in cows during the summer season. From the data thus presented (Table 3), it can be 

seen that the values of triglycerides were significantly lower than the accepted norms. In a study by 

Blond, et al. [20] a tendency for lower values of this indicator was demonstrated in cows at the 

beginning of lactation at different THI values. The results presented in Tables 3, 4 and 5 fully confirm 

this statement. A similar tendency is also proven by other authors [20,30]. In the summer season, the 

total protein in the blood was slightly higher in cows on second and third lactation (83.76 g/l and 

86.10 g/l) at norms up to 80 g/l. Our results support the hypothesis of Abbas et al. [31], according to 

which HS causes cows to catabolize proteins, releasing amino acids that the body uses to convert to 

glucose and thus energy. This is probably the reason for the higher values in this indicator. 

Another indicator that shows a deviation from the norms in the summer season was GGT in 

cows on third lactation. A significant influence of the model was found only for this indicator (table 

3). This enzyme is involved in protein metabolism by splitting C-terminal glutamyl groups from 

amino acids and transferring them to another peptide or amino acid [32]. It is possible that the 

increase in GGT in third lactation cows is related to the higher milk yield and the need for amino 

acids in the blood for milk protein synthesis. Studies by other authors show conflicting trends. Blond 

et al. [20] found that HS increased GGT values, but according to Joo et al. [33], HS does not affect this 

blood indicator. We believe that these high GGT values were due to the higher milk yield and the 

need for amino acids for milk protein synthesis. An increase in blood cortisol levels was also observed 

in first and second lactation cows during the summer season. A similar tendency to increase the levels 

of cortisol in the blood under HS was also demonstrated by Blond et al. [20]. However, the values 

found by us for the month of July (conditions under HS) were approximately two times higher than 

the values reported by Blond et al. [20.] Cortisol is known as a stress hormone, also having a major 

role in lactopoiesis and lactation maintenance [34,35]. 

It is well known that HS reduces the immune response of cows [36,37] and increases the secretion 

of cortisol and prolactin [38]. According to the authors, it is not yet known whether the negative effect 

of HS on immunity is related to a change in the secretion of cortisol and prolactin or to their 

immunomodulatory effects on the proliferation or anti-inflammatory response of immune cells or 

both together. 

From the data presented in table 4, it can be seen that the model had a significant influence on 

the indicators urea and GGT in the blood. Urea in the autumn season was lower only in cows on first 

lactation, and GGT values were higher in cows on second and third lactation. Higher than normal 

values of the ASAT enzyme were also found in cows on second and third lactation, but the deviations 
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were not substantial. Considerably lower blood cortisol values were reported in the autumn 

examination of cows from all lactations. 

Table 5 presents the results of the studied blood indicators during the winter season of the all 

lactations cows. A significant influence of the model was proven only for the indicator of glucose in 

the blood. It is observed that in this season, for this indicator, the values in cows on all lactations were 

slightly above the accepted norms. This shows the energy supply in the ration and its digestibility by 

the cows in conditions of temperature comfort in winter (Table 2). As previously noted, triglycerides 

were below normal, probably due to the initial stage of lactation. Total protein and GGT in the blood 

were above the norm in all three lactations. Cortisol levels, although not deviating considerably, were 

below the accepted reference values, which was probably due to the absence of stress factors. It is 

noticed that cortisol iwas highest in cows in the first lactation, which was probably due to the fact 

that for them there were the most changes of a technological and physiological nature (calving, 

change of barn, milking, change of ration, etc.). 

Figure 1 shows the values of blood indicators in first lactation cows by seasons with statistical 

processing. Significant differences were found in the indicators: glucose; urea; total protein; GGT; 

alkaline phosphatase; prolactin; cortisol and calcium during the different seasons. The lowest glucose 

values were recorded in summer and the highest in winter (Figure 1A). These results confirm the 

previously stated hypothesis about the influence of HS on blood glucose levels. Lack of energy in the 

form of blood glucose in summer forces cows to use non-carbohydrate sources for this purpose. This 

leads to an increase in total protein levels in the blood, and in first lactation cows these levels were 

lower than the values found in winter (Figure 1D). This is probably because these proteins in summer 

were used to a greater extent as a source of energy, for the synthesis of milk. In confirmation of this 

are the results for the levels of urea in the blood - a waste product of the metabolism of proteins in 

the process of gluconeogenesis. In summer, urea values were highest (Figure 1C). Similar to our 

results, Shwartz et al. [39], also reported higher urea values in cows under HS. Under HS, there is a 

change in nitrogen metabolism, which leads to decreased milk protein values and increased blood 

urea values [40]. As a confirmation of the influence of the season as a stress factor for the cows metabolism 

are also the levels of cortisol in the blood, which were the highest in the summer (Figure 1J). 

Figure 2 presents the data for the studied blood indicators by season in the cows on second 

lactation. Differences between seasons were observed in glucose, urea, total protein, prolactin and 

cortisol indicators. Similar to the trends observed in first lactation cows, the data show a shortage of 

energy in the summer (Figure 2A), which was provided at the expense of protein, and leads to high 

levels of urea (Figure 2C). Total blood protein levels were high in summer (Figure 2D), but were 

lower than in winter, probably because they were used as an energy source in summer instead of 

carbohydrates. This trend was also observed in third lactation cows (Figure 3D). As evidence for the 

influence of season as a stressor in second lactation cows were high cortisol levels in summer (Figure 2J). 

Figure 3 presents the data of the studied blood indicators by season in the cows on third 

lactation. Similar to the trends found in first and second lactation cows, low blood sugar levels (Figure 

3A), high urea values (Figure 3C), high total protein levels (Figure 3D) and high blood cortisol levels 

were also found (Figure 3J) in summer. 

5. Conclusions 

In the present study, it was found that heat during the summer season was a stress factor that 

affected some biochemical blood indicators in dairy cows. As proof of the stress influence are the 

high values of the hormone cortisol in cows in the summer in all studied groups. Based on the values 

of the studied indicators, it can be stated that HS leads to a shortage of energy from carbohydrate 

sources, which triggers mechanisms to provide it from non-carbohydrate sources. These processes 

are associated with a change in the concentration of glucose, urea, total protein and cortisol in the 

blood of dairy cows. 
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