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ABSTRACT 

In this study, three types of skin cleaning: dry, wet, and wet cleaning with special cleaning agents were compared. 

It was conducted on six Holstein cows using a special climate camera. The methodology consisted of registration 

of skin temperature and pulse rate of cows under the temperature of 25 °С to 35 °C, relative humidity from 50% 

to 75%, and airspeed from 0.5 to 2.0 m s-1 using different methods of skin cleaning. The study was conducted 

over four days: before and after skin cleaning with different methods. The skin temperature was recorded in three 

areas using a pyrometer and thermal camera. It was determined that by temperature increasing from 25 °С to 

35 °С and relative humidity from 50 % to 75 %, the skin temperature was increased by 14.3% using dry cleaning, 

by 11.8% using wet cleaning, while by 11.6 % using wet cleaning with a special cleaning agent. After wet 

cleaning, the pulse rate in animals decreased to 9.5%, and after wet cleaning with a special cleaning agent, it was 

10.7% higher than before skin cleaning. Also, the pulse rate decreased after the wet cleaning by 9.5% and after 

wet cleaning with a special cleaning agent by 10.7%, which allowed about reducing the influence of heat stress 

with skin cleaning under higher temperatures and relative humidity. Moreover, an increase of the airspeed directed 

at the animal from 0.5 m s-1 to 2.0 m s-1 reduced the increase in skin temperature during dry cleaning to 12.0%, 

during wet cleaning up to 8.4%, and during wet cleaning with special cleaning agents up to 8.1%. Experiments 

proved that the researched skin cleaning methods decreased the elevation in body surface temperature, increased 

heat transfer and sweat evaporation, upraised heat exchange between cows and the environment, and reduced the 

impact of heat stress. The most effective methods of decreasing heat stress are wet cleaning and wet cleaning with 

special cleaning methods compared with dry cleaning methods.  
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INTRODUCTION 

Many studies confirm that under heat stress, different physiological characteristics appear: increasing breathing 

rate, pulse rate, body temperature changes insignificant, increasing skin temperature, sweating begins, physical 

activity decreases, quantity and feed content change and act.  It is noted that by reducing temperature and relative 

humidity and increasing airflow speed, the effect of heat stress can be reduced (Berman 2003, 2005; Ivanov et al. 

2020). Quantitative values of the pulse rate increase and breathing that characterize the degree of stress on animals 

under the hot period were established. It was proved that these values are restored under the airflow (Truhachev 

2016, 2017; Ivanov et al. 2020). Besides this, skin condition also influences the animal reaction (Berman 2004). 

Evaporating cooling is the main method for heat stress relief in cattle kept indoors. It is most effective in hot and 

dry climates (Berman 2009). The effectiveness of combining the forced air supply and humidiation of the surface 

in animals was proved (Berman 2019). The research established the prospects of skin cleaning application with 

the airflow. However, it was carried out in narrow-minded diapasons: At air temperature 20-30 ℃, and air speed 

0.2 m s-1, the skin cleaning was in certain areas 150 × 150 mm (Ivanov et al. 2020).  The analysis established that 
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the influence of cleaning methods on reducing heat stress for cows was not regarded in the preceding experiments.  

The aim of the research is to determine the performance evaluation of the efficiency of skin cleaning methods for 

dairy cattle in decreasing heat stress in hot conditions at air temperatures 25 - 35 ℃, relative humidity 50 - 75%, 

air speed 0.5 - 2.0 m s-1 and complete cleaning of the cow 's body.  

 

MATERIALS AND METHODS 

The research determined the effectiveness of different cleaning methods by determining pulse rate and skin 

temperature. The evaluation method for reducing heat stress is based on the reaction of the cow’s thermoregulatory 

apparatus by releasing excess heat accumulated in the body. An increased heart rate allows excess heat to be 

removed from animals' internal organs and transferred to the skin's surface through the animal’s circulatory 

system. The use of skin cleansing leads to a decrease in the elevated body surface temperature, an upraise in heat 

transfer to the environment, and an increase in the intensity of sweat evaporation, which reduces the impact of 

heat stress. The pulse rate and skin temperature of cows were measured as the air temperature increased from 25 

to 35 °C (in increments of 2.5 °C). The studies were carried out at relative air humidity of 50.0, 62.5, and 75.0% 

and air flow speed directed from the fan to the animals: 0.5, 1.0, and 2.0 m s-1. The studies were carried out in a 

climate chamber on 12 Holstein cows during the lactation period. It compared the pulse rate in the temperature 

range from 25 to 35 °C (in increments of 2.5 °C), which was created using the air heat generator. The skin 

temperature is measured with the same diapason in three areas, which is averaged for each level. The research 

was conducted under relative humidity of 50.0, 62.5, and 75.0%, and airflow speed directed at the animals: 0.5, 

1.0, and 2.0 m s-1. The research was conducted on six Holstein cows during the lactation period. The initial 

meanings of the pulse rate and skin temperature were recorded under natural pollution with sweat, dust, manure 

particles, feed, and bedding. The first method involves cleaning with a manual scraper, which removes 

contamination from the skin. The second method involves skin cleaning with water. A hand brush is moistened 

with water, and dirt is washed off the skin. The third method involves cleaning with a water solution of the 

veterinarian-approved detergent. The measurement was carried out an hour after cleaning. To measure skin and 

body temperature, a pyrometer and a thermal imager were used. For calculations, the average value of the 

temperature of the lateral surface of the cow’s body was used. The error in measuring body temperature does not 

exceed 0.1 °C. Temperature, relative humidity, and air velocity were recorded using a standardized measuring 

device. A pyrometer and thermal camera fix the skin temperature remotely. A special standardized measuring 

instrument fixes the temperature, relative humidity, and air speed. During the research, the animal was in the 

microclimate camera in the shade; direct sunlight and enclosing structures did not affect it. 

 

RESULTS AND DISCUSSION 

With natural contamination of the skin of animals, when no cleaning was carried out, at an air temperature (ta) of 

25 ° C, relative humidity (ja) of 50%, and an airflow speed of 0.5 m s-1, the pulse rate averaged 60 beats min-1. By 

an elevation in temperature from 25 °C to 35 °C, a constant relative air humidity of 50%, and an airflow speed of 

0.5 m s-1, the pulse rate increased by 21.7% to 73 beats min-1 (Fig. 1). At an airflow speed of 1.0 m s-1, the pulse 

rate increased by 18.3% from 60 to 71 beats min-1; at 2.0 m s-1, it increased by 13.3% from 60 to 68 beats min-1. 

At the same time, the temperature of the skin changed by 8.0% from 33.2 °C to 35.9 °C at 0.5 m s-1; by 6.4% to 

35.4 °C at 1.0 m s-1; and by 5.5 % at 2.0 m s-1 from 33.2 to 35.0 °C. When the relative humidity was 62.5% by an 

airflow speed of 0.5 m s-1, the change in pulse rate was 26.7% from 60 to 76 beats min-1. At 1.0 m s-1, it increased 

by 23.3% from 60 to 74 beats min-1; at 2.0 m s-1, the increase was 18.3% from 60 to 71 beats min-1 (Fig. 2). At a 

relative air humidity of 75.0% and an airflow speed of 0.5 m s-1, the pulse rate increased by 40.0% from 60 to 84 

beats min-1; at 1.0 m s-1, the increase was 36.7% from 60 to 81 beats min-1; by 2.0 m s-1, it was 31.7% from 60 to 

79 beats min-1 (Fig. 3). After skin cleaning with a hand scraper, at an air temperature (ta) of 25 °C, relative 

humidity (ja) of 50%, and an airflow speed of 0.5 m s-1, the pulse rate averaged 60 beats min-1. By an elevation in 

temperature from 25°C to 35 °C, a constant relative air humidity of 50%, and an airflow speed of 0.5 m s -1, the 

pulse rate increased by 13.3% to 68 beats min-1. At 1.0 m s-1, it increased by 10.0% from 60 to 66 beats min-1; and 

at 2.0 m s-1, increased by 8.3% from 60 to 65 beats min-1. In addition, the skin temperature changed by 7.3% from 

33.1 °C to 35.7 °C at 0.5 m s-1; by 6.7% from 33.0 °C to 35.2 °C at 1.0 m s-1 and by 5.5% at 2.0 m s-1 from 33.1 

°C to 34.9 °C. At a relative humidity (ja) of 62.5% and an airflow speed of 0.5 m s-1, the pulse rate changed by 

18.3% from 60 to 71 beats min-1. At 1.0 m s-1, it increased by 16.7% from 60 to 67 beats min-1; and at 2.0 m s-1, 
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increased by 11.7% from 60 to 67 beats min-1 (Fig. 4). At a relative humidity (ja) of 75.0% and an airflow speed 

of 0.5 m s-1, the pulse rate changed by 31.7% from 60 to 79 beats min-1. At 1.0 m s-1, it increased by 26.7% from 

60 to 76 beats min-1; and at 2.0 m s-1, increased by 21.7% from 60 to 73 beats min-1 (Fig. 5). 

 

 
Fig. 1. A trend of pulse rate in natural pollution (a = 50%). 

 

 
Fig. 2. A trend of skin temperature in natural pollution (a = 62.5%). 

 

After wet skin cleaning with a brush and water at an air temperature (ta) of 25°C, relative humidity (ja) of 50%, 

and an airflow speed of 0.5 m s-1, the pulse rate averaged 60 beats min-1. By an elevation in temperature from 25 

°C to 35 °C, a constant relative air humidity of 50%, and an airflow speed of 0.5 m s-1, the pulse rate increased by 

11.7% to 67 beats min-1. At 1.0 m s-1, it increased by 8.3% from 60 to 65 beats min-1; and at 2.0 m s-1, increased 

by 3.3% from 60 to 62 beats min-1. At the same time, the skin temperature changed by 5.8% from 32.1 °C to 34.0 

°C at 0.5 m s-1; by 4.0% from 31.9 °C to 33.1 °C at 1.0 m s-1; and by 3.4% at 2.0 m s-1 from 31.6 °C to 32.7 ° C. 

At a relative humidity (ja) of 62.5% and an airflow speed of 0.5 m s-1, the pulse rate changed by 16.7% from 60 

to 70 beats min-1. At 1.0 m s-1, it increased by 13.3% from 68 to 66 beats min-1; and at 2.0 m s-1, increased by 

10.0% from 60 to 66 beats min-1.  

A trend of skin temperature is presented in Fig. 6. At a relative humidity (ja) of 75.0% and an airflow speed of 

0.5 m s-1, the pulse rate changed by 26.7% from 60 to 76 beats min-1. At 1.0 m s-1, it increased by 20.0% from 60 

to 72 beats min-1; and at 2.0 m s-1, by 16.7% from 60 to 70 beats min-1. Fig. 7 presents a trend of skin temperature. 

After wet skin cleaning with a brush with water and cleaning agent at an air temperature (ta) of 25°C, relative 
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humidity (ja) of 50%, and an airflow speed of 0.5 m s-1, the pulse rate averaged 60 beats min-1. 

 

 
Fig. 3. A trend of skin temperature in natural pollution (a = 75.0%). 

 

 
Fig. 4. A trend of skin temperature with the skin cleaning with hand-scrubbing brush (a = 62.5%). 

 

Fig. 5. A trend of skin temperature with the skin cleaning with a hand-scrubbing brush (a = 75.0%). 
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By an elevation in temperature from 25 °C to 35 °C, a constant relative air humidity of 50%, and an airflow speed 

of 0.5 m s-1, the pulse rate increased by 11.7% to 67 beats min-1. At 1.0 m s-1, it increased by 6.7% from 60 to 64 

beats min-1; and at 2.0 m s-1, increased by 3.3% from 60 to 62 beats min-1. At the same time, the skin temperature 

changed by 5.6% from 32.1 °C to 33.9 °C at 0.5 m s-1, by 3.8% from 31.8 °C to 33.0 °C at 1.0 m s-1; and by 3.1% 

at 2.0 m s-1 from 31.6 °C to 32.6 °C. At a relative humidity (ja) of 62.5% and an airflow speed of 0.5 m s-1, the 

pulse rate changed by 16.7% from 60 to 70 beats min-1.  

At an airflow speed of 1.0 m s-1, the pulse rate increased by 13.3% from 68 to 65 beats min-1; and at 2.0 m s-1, it 

increased by 8.7% from 60 to 65 beats min-1. A trend of skin temperature is presented in Fig. 8. At a relative 

humidity (ja) of 75.0% and an airflow speed of 0.5 m s-1, the pulse rate changed by 26.7% from 60 to 76 beats 

min-1. At 1.0 m s-1, it increased by 20.0% from 60 to 72 beats min-1; and at 2.0 m s-1, increased by 16.7% from 60 

to 70 beats min-1. A trend of skin temperature is presented in Fig. 9. As a result of the research, it was found that 

by a relative air humidity of 50%, an airflow speed of 0.5 m s-1, and a change in air temperature from 25 to 35 °C 

in the case where skin cleaning was not used, the increase in the cow's pulse was 21.7% from 60 to 73 beats min-

1 and the skin temperature increased by 8.0% from 33.2 to 35.9 °C. When using wet cleaning, the pulse rate 

increased by 11.7% from 60 to 67 beats min-1, and the skin temperature increased by 5.8% from 32.1 to 34.0 °C. 

When cleaning with detergent, the pulse increased by 10.0% from 60 to 66 beats min-1, and the skin temperature 

increased by 5.6% from 32.1 to 33.9 °C. When using the dry cleaning method, the pulse rate changed by 13.3% 

from 60 to 68 beats min-1, and the skin temperature increased by 7.3% from 33.1 to 35.5 °C. The pulse rate results 

from the air speed with different cleaning methods are established in Figs. 10-12.  

The wet cleaning (2) is done with a special cleaning agent. When the air temperature rises, increasing the airflow 

allows the skin temperature and pulse rate to decrease, especially by wet cleaning. Due to evaporation from the 

skin, wet cleaning allows the decrease of heat stress, and elevating the air flow speed allows the upraise of 

evaporation speed. Noteworthy, the overall effectiveness of wet cleaning appears at low relative humidity (50% 

or less). When relative humidity is between 62.5 and 75.0 %, the effectiveness of wet cleaning drops and becomes 

equal to dry skin cleaning. As a result of research, it was found that by an elevation in temperature from 25 °C to 

35 °C and relative humidity from 50% to 75%, the skin temperature upraises by 14.3% using dry cleaning, while 

by 11.8% using wet cleaning and by 11.6% using wet cleaning with detergent. The pulse rate in animals is also 

lower when using wet cleaning by 9.5% and cleaning with special cleaning agent by 10.7%. 
 

 

 
Fig. 6. A trend of skin temperature with water cleaning (a = 62.5%). 
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Fig. 7. A trend of skin temperature with water cleaning (a = 75.0%). 

 

 
Fig. 8. A trend of skin temperature with wet cleaning with the special cleaning agent (a= 62.5%). 

 

 
Fig. 9. A trend of skin temperature with wet cleaning with the special cleaning agent (a= 75.0%). 
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Fig. 10. A trend of pulse rate with different cleaning methods (a = 50%, Va = 0.5 m s-1). 

 

 
Fig. 11. A trend of pulse rate with different cleaning methods (a = 50%, Va = 1.0 m s-1). 

 

 
Fig. 12. A trend of pulse rate with different cleaning methods (a = 50%, Va = 2.0 m s-1). 
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Fig. 13. A trend of pulse rate after wet cleaning with different meanings of relative humidity (Va = 0.5 m s-1). 

 

 
Fig. 14. A trend of pulse rate after wet cleaning with different meanings of relative humidity (Va = 1.0 m s-1). 

 

 
Fig. 15. A trend of pulse rate after wet cleaning with different meanings of relative humidity (Va = 2.0 m s-1). 

 

CONCLUSION 

In this research, the influence of cleaning methods on the reduction of heat stress for cows in a hot period with a 

temperature of 25 - 35 ℃, relative humidity of 50 - 75%, air speed of 0.5 - 2.0 m s-1, and complete cleaning of the 

cow´s body was carried out. Experiments proved that the researched skin cleaning methods decreased the 
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elevation in body surface temperature, upraised heat transfer and sweat evaporation, increased heat exchange 

between cows and the environment, and reduced the impact of heat stress. The most effective methods are wet 

and wet cleaning compared to dry cleaning with special cleaning agents. Applying the dry cleaning method in hot 

and dry weather, when the relative air humidity increases to 75%, and elevates the effectiveness of wet cleaning 

compared to dry cleaning. Using skin cleaning, the heat load on the cow was decreased, and the transfer of 

endogenous heat to the environment was improved. This confirmed the physiological reaction of the body by 

reducing the pulse rate and skin temperature in the animal. Follow-up experiments would be advisable to create 

the automatic insertion of skin cleaning and the algorithm of cleaning under different environmental conditions.   
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