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Implementing fan cooling in barn to improve microclimate and
milk yield of dairy cows

Implementación de refrigeración por ventilador en el establo para mejorar el
microclima y la producción de leche de las vacas lecheras
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Mykhailo Matvieiev2*, Lesia Korol-Bezpala4, Iryna Lastovka4, Viktoriya Baban4

ABSTRACT

The aim of this study was to evaluate the impact of fan cooling during high-
temperature periods on barn microclimate, cow productivity, milk composition, and clinical
indicators. The research was conducted at a commercial farm (Ukraine) where dairy cows
were kept in two easy-to-assemble barns (with and without fans) during thermo-neutral
(12 days) and hot (9 days) periods. The use of fans in the cowshed during the hot period
helped to reduce the average daily temperature and relative humidity by 3.29 ºC and
1.88%, respectively. Indicators of rectal temperature and respiration rate of cows kept in
a barn with fans were 0.35 ºC and 8.36 breaths/min lower as compared to cows in a barn
without fans during the hot period. Similarly, milk yield in a barn with fans during the hot
period decreased by 0.37 kg, and in a barn without fans by 2.64 kg compared to the
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thermo-neutral period. When keeping cows in a barn with fans during the hot period, the
content of fat, protein and lactose in milk decreased by 0.03, 0.02 and 0.03%, while in a
barn without fans were 0.11, 0.06 and 0.07%, respectively. Increasing of average daily air
temperatures was a significant stressor for lactating cows housed in barns without fans.
Implementing fans in barns during hot periods positively affected the microclimate,
improving temperature, relative humidity, and climate indices.

Keywords: dairy cows, barn, hot weather, fans, milk productivity, cooling system, welfare

RESUMEN

El objetivo del estudio fue evaluar el impacto del enfriamiento con ventiladores
durante periodos de alta temperatura en el microclima del establo, la productividad de las
vacas, la composición de la leche y los indicadores clínicos. La investigación se llevó a
cabo en una granja comercial (Ucrania) donde las vacas lecheras se mantuvieron en dos
establos de fácil ensamblaje (con y sin ventiladores) durante un periodo termoneutral (12
días) y uno caluroso (9 días). El uso de ventiladores durante el periodo caluroso ayudó a
reducir la temperatura diaria promedio y la humedad relativa en 3.29 ºC y 1.88%, respecti-
vamente. Los indicadores de temperatura rectal y frecuencia respiratoria de las vacas
mantenidas en un establo con ventiladores fueron de 0.35 ºC y 8.36 resp/min más bajos en
comparación con las vacas en un establo sin ventiladores durante el periodo caluroso.
De manera similar, la producción de leche en un establo con ventiladores durante el
periodo caluroso disminuyó en 0.37 kg, y en un establo sin ventiladores en 2.64 kg en
comparación con el período termoneutral. Al mantener a las vacas en un establo con
ventiladores durante el período caluroso, el contenido de grasa, proteína y lactosa en la
leche disminuyó en 0.03, 0.02 y 0.03%, mientras que en un establo sin ventiladores fue de
0.11, 0.06 y 0.07%, respectivamente. El aumento de la temperatura media diaria del aire fue
un factor de estrés significativo para las vacas lactantes alojadas en establos sin ventila-
dores. La implementación de ventiladores en los establos durante los periodos calurosos
afectó positivamente al microclima, mejorando la temperatura, la humedad relativa y los
índices climáticos.

Palabras clave: vacas lecheras, establos, clima cálido, ventiladores, productividad de
la leche, sistema de refrigeración, bienestar

INTRODUCTION

Global warming and its associated
factors have a significant impact on the
economics of milk production and the welfare
and health of dairy cattle (Negrón-Pérez et
al., 2019; Giannone et al., 2023). At the same
time, the method of keeping, the parameters
of the premises and technological solutions in
the middle of the premises significantly affect
the reaction of the animal body caused by
temperature fluctuations (Fedota et al., 2022;
Ruban et al., 2022).

During recent decades, dairy cattle have
been increasingly exposed to high tempe-
ratures, especially in temperate countries
(Central and Eastern Europe) (Borshch et al.,
2019; Ruban et al., 2020). For highly produc-
tive dairy herds, the impact of high air tempe-
ratures should be assessed in combination
with indicators such as relative humidity, wind
speed, insolation and atmospheric pressure
(Atkins et al., 2018; Borshch and Borshch,
2022; Nzeyimana et al., 2023). The interac-
tion of these climatic factors significantly
affects the behavioural, reproductive, produc-



3Rev Inv Vet Perú 2025; 36(3): e28927

Fan cooling in barns

tive signs and clinical characteristics of dairy
cows (Borshch et al., 2021; Mylostyvyi et
al., 2023). Various studies have shown that
raising of the air temperature up to +30 ºC
and above leads to a decrease in milk produc-
tivity of cows from 8 to 35% (Bernabucci et
al., 2014; Wijffels et al., 2021; Frigeri et al.,
2023). In addition, during periods of high
temperature stress there is increase of the
body temperature, respiration rate and
assessment of respiratory severity (Ruban et
al., 2020).

Heat stress affects the productivity of
cows depending on the phase of lactation. In
particular, at the early stages of lactation cows
are less able to counteract the adverse effects
of heat stress (Yadav et al., 2019; Bokha-
raeian et al., 2023; Moore et al., 2023).
Negrón-Pérez et al. (2019) found that high
temperatures most adversely affect the
productivity of cows during the first 60 days
of lactation.

To reduce the negative impact on
productivity, reproductive function, health and
comfort of cows, different technological
approaches are used at farms. First, these
are systems of forced ventilation and cooling
of animals (fans and irrigation systems), use
of mattresses for rest with pumping of cooled
water through them, use of feedlots with
canopies for rest and feeding, and their
combinations (Calegari et al., 2014; Borshch
et al., 2022). Fans that hasten air movement
and enhance convection can lower ambient
temperatures and relieve heat stress by
decreasing animal respiration rates, rectal
temperatures, and boosting dry matter intake
(Chang-Fung-Martel et al., 2021; Oliveira et
al., 2025).

Most research in this area conducted at
farms where the study of the impact of fans
on productivity, comfort and welfare of cows
was investigated in combination with water
irrigation (Summer et al., 2019). Such
combinations allow reducing of the effect of

heat by 84%. At the same time, the values of
respiratory rate and rectal temperature
decrease. Therefore, the aim of this work was
to study the impact of fans used during the
periods of high temperature load on the
microclimate in the barns, productivity, milk
composition and clinical characteristics of
cows.

MATERIALS AND METHODS

The study was conducted at a
commercial dairy farm located in the central
region of Ukraine, specifically in the Kyiv
region at coordinates 49°512 273 N and 30°62
363 E. The dairy cows of Holstein breed were
housed in two similar easy-to-assemble barns,
accommodating a total of 300 animals. One
of the cowsheds used fans (20 per room),
and the other was without fans. Fans
(Multifan, Vostermans Ventilation, the
Netherlands; production capacity up to 48000
m3/h) are located above the aft and manure
passages (Figure 1). The fans in the barn
remained operational from 10:00 to 18:00 h,
running continuously for eight hours.
Parameters of placements (L×W×H):
94×32.1×10.5 m.

A group of 32 non-pregnant cows in the
third month of lactation (82 ± 17 days in milk)
was specifically chosen and allocated to each
of the cowsheds. Cows were milked three
times per day at the parallel installation
(DeLaval 2×16, Sweden). Daily milk yield was
recorded using the DelPro herd management
system. A general view of the barn (from a
side view) and the fan are shown in Figure 2.

The research was conducted during July
2021 in thermo-neutral (average daily
temperature 19.8 ºC, 12 days) and hot (ave-
rage daily temperature 27.5 ºC, 9 days)
periods (Table 1). Cows were provided with
a total mixed ration (Table 2) two times daily
at 09:00 and 19:00 hours.
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Figure 1. Easy-to-assemble barns without (a) and with (b) fans. 1 – boxes for cow’s rest; 2 –
feed and manure alley; 3 – feed passage fences; 4 – feed passage; 5 – fans

 

Figure 2. Pictures of the barn and fan used in this study

Environmental and physiological data were
recorded as follows:

- Rectal temperature (veterinary thermo-
meter Microlife VT1831, Switzerland)
and respiratory rate (using a panting

score scale ranging from 0 to 4.5, as
defined by Gaughan et al. (2019) twice a
day after morning and afternoon milking.
Temperature and relative humidity were
monitored using the Voltcraft DL-141
sensor (Germany). The sensors were
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positioned at a height of 0.5 m above the
floor where the cows were located.
Measurements were automatically
recorded every 10 minutes. Breathing
condition and corresponding respiration
rate were assessed using a panting score
scale ranging from 0 to 4.5, as defined
by Gaughan et al. (2019).

- Wind speed inside the barn using a
handheld pocket digital anemometer (AZ
air flow meter, Taiwan).

- Temperature-Humidity Index (THI
1
 and

THI
2
) was calculated according to NRC

(2001) and Zahner et al. (2004): THI
1
 =

(1.8 × T + 32) - (0.55 - 0.0055 × RH) ×
(1.8 × T - 26) and THI

2
 = 0.8 × T + RH/

100 × (T -14.4) + 46.4, where: T, Air
temperature (ºC) and RH, Relative
Humidity (%).

- The Equivalent Thermal Index (ETI, °C)
was calculated according to Baeta et al.
(1987): ETI = 27.88 - 0.456 × T

air
 +

0.010754 × T
air

2 - 0.49505 × RH + 0.00088

Table 2. Ingredients of diet fed to dairy cows 
 

Item 
Amount  

(kg) 

Bean hay 2 
Corn silage 20 
Bean haylage 15 
Molasses 2.3 
Compound feed 7 

 
 

× RH2 + 1.1507 × WS - 0.126447 × WS2

+ 0.019876 × T
air

 × RH - 0.046313 × T
air

 ×
WS, where: WS,– average wind speed
(m/s). ETI values are considered as
representing a damaging risk to animals:
no problem: 18-<27 ºC; caution: 27-<32 ºC;
extreme caution: 32-<38 ºC; danger: 38-
<44 ºC; extreme danger: >=44 ºC (Gosling
et al., 2014).

- Coefficient of adaptability (CA) was
calculated according to Benezra (1954):
CA= RT/38.3+ RR/23, where: RT – rec-
tal temperature (ºC); RR – respiratory
rate (breaths/min). It was considered
38.3 °C and 23 rpm as average values
of body temperature and respiratory rate
in optimal conditions.

- Milk yield and characteristics was
assessed based on daily yields. Milk
samples were collected from each cow
three times per day (morning, afternoon,
and evening) for consecutive days. Milk
fat, protein, and lactose content were
determined using the Milkotester
Lactomat Rapid S device from Bulgaria.

- The net energy content (NEL) of milk
was calculated using an equation derived
from the one proposed by the National
Research Council (NRC) in 2001: NEL
(Mcal/kg) = 0.0929 × fat, % + 0.0547 ×
protein, % + 0.0395 × lactose, %. The
NEL values obtained were converted to
MJ kg–1.

All data are reported as means ± stan-
dard error of the mean. The statistical
significance of the obtained values was

Table 1. Weather indicators during a thermo-neutral (19.8 ºС and hot 27.5 ºС) period 
 

Indicators 
Period 

Thermo-neutral 
(12 days) 

Hot 
(9 days) 

Air temperature, ºС 19.77 ± 1.14 27.46 ± 0.79 
Relative humidity, % 53.28 ± 1.36 47.61 ± 0.87 
Wind speed, % 8.56 ± 0.67 6.18 ± 0.52 
Average daily precipitation amount, mm 8.21 ± 0.04 4.24 ± 0.05 
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Table 3. Microclimate and climatic indices in barns with and without fans during hot period 
 

Indicators Barn with fans Barn without fans 

Air temperature, ºС 23.14 ± 0.28c 26.43 ± 0.37 
min 22.73 22.69 
max 25.61 31.17 

Relative humidity, % 67.20 ± 0.53b 69.08 ± 0.46 
min 61.53 65.19 
max 72.93 73.27 

Wind speed, % 0.88 ± 0.06 0.85 ± 0.03 
min 0.82 0.82 
max 0.94 0.89 

ТНІ1 67.91 ± 0.88a 71.40 ± 1.12 
min 67.87 67.53 
max 70.03 76.01 

ТНІ2 70.78 ± 1.52a 75.84 ± 1.77 
min 67.53 69.94 
max 76.01 83.60 

ЕТI, ºС 24.69 ± 0.47a 29.46 ± 0.79 
min 23.65 23.92 
max 28.82 37.59 

ap<0.05; bp<0.01; cp<0.001 as compared with barn without fans  
 

 

Table 4. Clinical parameters and breathing 
condition of dairy cows during a hot period 
 

Indicators 
Barn with 

fans 
Barn without 

fans 

Rectal temperature, 
ºС 

38.52±0.12a 38.87±0.07 

Respiration rate, 
breaths/min 

35.93±0.47c 44.29±1.03 

Breathing 
condition, points 

1.40±0.08c 2.13±0.03 

Coefficient of 
adaptability 

2.56±0.10a 2.93±0.14 

ap<0.05; cp<0.001 as compared with barn 
without fans 

 

evaluated using Student’s t-test. Data were
considered significant at ap<0.05, bp<0.01,
and cp<0.001. A Student’s t-test was
conducted to compare the means between
the barns with and without fans. These
statistical analyses were performed by
STATISTICA software (version 11.0, 2012).

RESULTS AND DISCUSSION

The use of fans in barns during periods
of high temperature load had a positive and
significative effect on the microclimate and
the values of the three temperature indices
(Table 3). Average temperature and relative
humidity in the barn with fans were 3.29 ºC
and 1.88% lower compared to the barn
without fans. Lower values of THI

1
 and THI

2

(by 3.49 and 5.06) and ETI (by 4.77 ºC) were
also observed. These results are consistent
with the study of Almuhanna et al. (2021),
which show that the use of fans has influenced
the reducing of temperatures and THI in
barns.

The average index of daily rectal tempe-
rature for keeping in a barn with fans was
0.35 ºC lower compared to a similar barn
without fans (Table 4). In addition, the use of
fans affected respiration rate and breathing
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condition in cows, which were lower by 8.36
breaths/min and 0.73 points, respectively. As
for the coefficient of adaptability, it was also
lower in the barn with fans (by 0.37).

The temperature stress usually affects
milk yield, cows’ fertility, and milk quality, thus
leading to decreased profit for farmers
(Becker et al., 2020). Heat stress in dairy
cows causes an excess of reactive oxygen
species and mitochondrial dysfunction,
resulting in oxidative stress, thus reducing milk
protein production (Guo et al., 2021).
According to Sammad et al. (2020), heat
stress impacts issues with insulin, glucose
metabolism, fat mobilization, and muscle
metabolism, and therefore these could be key
factors in heat stress-related energy
imbalance. To counteract some of these
effects, the use of fans was found to have an
effect on lowering body temperature in dairy
cows during hot periods (Ortiz et al., 2015;
Becker and Stone, 2020; Pakari and Ghani,
2021). Besides, the results of the present
study partially match with those of Meyer et
al. (2002), who reported about a decrease in
respiration rate per minute of lactating cows
when kept indoors with fans located above
the feed table. Calegari et al. (2014) in Italy
also indicate that the use of fans in combi-
nation with water irrigation systems in barns
during periods of hot temperatures reduced
respiration rates of cows.

It was found that the use of fans in the
barn during the hot period had a positive effect
on the average daily milk yield, milk
composition and its energy value (Table 5).
Productivity of cows kept in a barn with the
use of fans during the hot period decreased
by 0.37 kg (1.45%) while in the barn without
fans the decrease constituted 2.64 kg
(10.22%) compared to the thermo-neutral
period. With regard to the main components
of milk, during the hot period there was a sharp
decrease in fat, protein and lactose (by 0.11,
0.06 and 0.07%, respectively) in the barn
without fans as compared to less decrease in
the barn with fans (0.03, 0.02 and 0.03%,
respectively). Accordingly, there was an ex-
treme decrease in the energy value of 1 kg
of milk during the hot period for keeping in a
barn without the use of fans as compared to
the barn with fans (by 0.063 vs. 0.017 MJ).

Numerous studies indicate the effect of
high temperatures on the total yield of milk fat
and protein per lactation (Smith et al., 2013;
Bernabucci et al., 2014; Mauger et al., 2015).
On this, Nasr and El-Tarabany (2017) indicated
that when THI decreased from 80-85 to 70
and below, fat content also decreased by
0.17%. Moreover, in the studies of Gao et al.
(2017), cows during the period of heat stress
reduced the total yield of milk protein by 19%
compared to the thermo-neutral period, being
one of the reasons a decrease of feed intake.

Table 5. Milk yield, composition and energy value of 1 kg milk of dairy cows during thermo-neutral 
and hot periods  

 

Indicators 
Barn with fans Barn without fans 

Thermo-neutral 
period (12 days) 

Hot period (9 
days) 

Thermo-neutral 
period (12 days) 

Hot period (9 
days) 

Milk yield/day, kg 25.41 ± 0.36 25.04 ± 0.27c 25.83 ± 0.42 23.19 ± 0.30 
Fat, % 4.24 ± 0.02 4.21 ± 0.02a 4.26 ± 0.01 4.15 ± 0.02 
Protein, % 3.35 ± 0.03 3.33 ± 0.01b 3.32 ± 0.03 3.26 ± 0.02 
Lactose, % 4.56 ± 0.05 4.53 ± 0.05 4.58 ± 0.04 4.52 ± 0.02 
Energy value of 1 kg 
milk, MJ 

3.161 ± 0.06 3.144 ± 0.004c 3.165 ± 0.08 3.102 ± 0.007 

ap<0.05; bp<0.01; cp<0.001 as compared with hot period 
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CONCLUSIONS

 The use of fans in barns during the hot
period had a positive effect on the
microclimate (temperature and relative
humidity) and climatic indices (THI1,
THI2 and ETI).

 Fans exert a positive impact on various
physiological of cows such as rectal
temperature, respiration rate, and
breathing condition.

 During hot periods the cow’s average
milk yield and energy values of milk in
barns with fans were significantly higher
than in non-fan-equipped barns.

REFERENCES

1. Almuhanna EA, Gamea GR, Osman
OE, Almahdi FM. 2021. Performance
of roof-mounted misting fans to regulate
heat stress in dairy cows. J Thermal Biol
99: 102984. doi: 10.1016/j.jtherbio.2021.-
102984

2. Atkins IK, Cook NB, Mondaca MR,
Choi CY. 2018. Continuous respiration
rate measurement of heat-stressed dairy
cows and relation to environment, body
temperature, and lying time. Trans
ASABE 61: 1475-1485. doi: 10.13031/
trans.12451

3. Baeta FC, Meador NF, Shanklin MD,
Johnson HD. 1987. Equivalent
temperature index at temperatures above
the thermoneutral for lactating dairy
cows. Am Soc Agric Engineers 87-4015.

4. Becker CA, Stone AE. 2020. Graduate
student literature review: heat abatement
strategies used to reduce negative effects
of heat stress in dairy cows. J Dairy Sci
103: 9667-9675. doi: 10.3168/jds.2020-
18536

5. Becker CA, Collier RJ, Stone AE.
2020. Invited review: physiological and
behavioral effects of heat stress in dairy
cows. J Dairy Sci 103: 6751-6770. doi:
10.3168/jds.2019-17929

6. Benezra MV. 1954. A new index for
measuring the adaptability of cattle to tro-
pical conditions. 13: 1015.

7. Bernabucci U, Biffani S, Buggiotti L,
Vitali A, Lacetera N, Nardone A. 2014.
The effects of heat stress in Italian
Holstein dairy cattle. J Dairy Sci 97: 471-
486. doi: 10.3168/jds.2013-6611

8. Bokharaeian M, Toghdory A,
Ghoorchi T, Ghassemi Nejad J,
Esfahani IJ. 2023. Quantitative
associations between season, month, and
temperature-humidity index with milk
yield, composition, somatic cell counts,
and microbial load: a comprehensive
study across ten dairy farms over an
annual cycle. Animals 13: 3205. doi:
10.3390/ani13203205

9. Borshch AA, Ruban S, Borshch AV,
Babenko O. 2019. Effect of three
bedding materials on the microclimate
conditions, cows behavior and milk yield.
Polish J Natur Sci 34: 19-31.

10. Borshch OV, Ruban S, Kostenko V,
Borshch OO, Cherniavskyi O, Korol-
Bezpala L, Fedorchenko M, et al.
2022. Effects of different cooling
systems on cows’ behaviour and comfort
during the hot period. Vet Zootech-Lith
80: 10-15.

11. Borshch OO, Borshch OV. 2022. The
influence of changing conditions for
keeping and cows’milking on their
behavior, productivity and condition. Res
Rural Dev 37: 7-12. doi: 10.22616/
rrd.28.2022.001

12. Borshch OO, Ruban S, Borshch OV.
2021. The influence of genotypic and
phenotypic factors on the comfort and
welfare rates of cows during the period
of global climate changes. Agraarteadus
32: 25-34. doi: 10.15159/jas.21.12

13. Calegari F, Calamari L, Frazzi E.
2014. Fan cooling of the resting area in
a free stalls dairy barn. Int J Biometeorol
58: 1225-1236. doi: 10.1007/s00484-013-
0716-1

14. Chang-Fung-Martel J, Harrison MT,
Brown JN, Rawnsley R, Smith AP,
Meinke H. 2021. Negative relationship



9Rev Inv Vet Perú 2025; 36(3): e28927

Fan cooling in barns

between dry matter intake and the
temperature-humidity index with
increasing heat stress in cattle: a global
meta-analysis. Int J Biometeorol 65(12).
doi; 10.1007/s00484-021-02167-0

15. Fedota O, Puzik N, Skrypkina I,
Babalyan V, Mitiohlo L, Ruban S,
Belyaev S, Borshch O. 2022. Single
nucleotide polymorphism C994g of the
cytochrome P450 gene possess pleiotro-
pic effects in Bos taurus, L. Acta Biol
Szegediensis 66: 7-15. doi: 10.14232/
abs.2022.1.7-15

16. Frigeri KDM, Deniz M, Damasceno
FA, Barbari M, Herbut P, Vieira FMC.
2023. Effect of heat stress on the
behavior of lactating cows housed in
compost barns: a systematic review.
Appl Sci 13: 2044. doi: 10.3390/
app13042044

17. Gao ST, Guo J, Quan SY, Nan XM,
Fernandez MVS, Baumgard LH, Bu
DP. 2017. The effects of heat stress on
protein metabolism in lactating Holstein
cows. J Dairy Sci 100: 5040-5049. doi:
10.3168/jds.2016-11913

18. Gaughan JB, Sejian V, Mader TL,
Dunshea FR. 2019. Adaptation
strategies: ruminants. Anim Front 9: 47-
53. doi: 10.1093/af/vfy029

19. Giannone C, Bovo M, Ceccarelli M,
Torreggiani D, Tassinari P. 2023.
Review of the heat stress-induced
responses in dairy cattle. Animals 13:
3451. doi: 10.3390/ani13223451

20. Guo Z, Gao S, Ouyang J, Ma L, Bu
D. 2021. Impacts of heat stress-induced
oxidative stress on the milk protein
biosynthesis of dairy cows. Animals 11:
726. doi: 10.3390/ani11030726

21. Mauger G, Bauman Y, Nennich T,
Salathe E. 2015. Impacts of climate
change on milk production in the United
States. Prof Geogr 67: 121-131.
doi:10.1080/00330124.2014.921017

22. Meyer MJ, Smith JF, Harner JP,
Shirley JE, Titgemeyer EC, Brouk
MJ. 2002. Performance of lactating
dairy cattle in three different cooling
systems. Appl Eng Agric 18: 341-345. doi:
10.13031/2013.8596

23. Moore SS, Costa A, Penasa M,
Callegaro S, De Marchi M. 2023.
How heat stress conditions affect milk
yield, composition, and price in Italian
Holstein herds. J Dairy Sci 106: 4042-
4058. doi:10.3168/jds.2022-22640

24. Mylostyvyi R, Midyk S, Izhboldina O,
Cherniy N, Kornienko V. 2023.
Changes in the qualitative composition
of the milk of Holstein cows during
summer chronic heat stress. Indonesian
J Anim Vet Sci 28: 112-121. doi: 10.14334/
jitv.v28.i2.3151

25. Nasr MA, El-Tarabany MS. 2017.
Impact of three THI levels on somatic
cell count, milk yield and composition of
multiparous Holstein cows in a
subtropical region. J Therm Biol 64: 73-
77. doi: 10.1016/j.jtherbio.2017.01.004

26. [NRC] National Research Counci,
2001. Nutrient requirements of dairy
cattle. 2001. National Academies Press.

27. Negron-Perez VM, Fausnacht DW,
Rhoads ML. 2019. Invited review:
management strategies capable of
improving the reproductive performan-
ce of heat-stressed dairy cattle. J Dairy
Sci 102: 10695-10710. doi: 10.3168/
jds.2019-16718

28. Nzeyimana JB, Fan C, Zhuo Z,
Butore J, Cheng J. 2023. Heat stress
effects on the lactation performance,
reproduction, and alleviating nutritional
strategies in dairy cattle, a review. J
Anim Behav Biometeorol 11: 2023018.
doi: 10.31893/jabb.23018

29. Oliveira CP, de Sousa FC, da Silva
AL, Schultz É, Valderrama R, de
Souza PA. 2025. Heat stress in dairy
cows: impacts, identification, and
mitigation atrategies – a review. Animals
15: 249. doi: 10.3390/ani15020249

30. Ortiz XA, Smith JF, Villar F, Hall L,
Allen J, Oddy A, al-Haddad A, Lyle
P, Coller RJ. 2015. A comparison of 2
evaporative cooling systems on a
commercial dairy farm in Saudi Arabia.
J Dairy Sci 98: 8710-8722. doi: 10.3168/
jds.2015-9616



Rev Inv Vet Perú 2025; 36(3): e2892710

S. Ruban  et al.

31. Pakari A, Ghani S. 2021. Comparison
of different mechanical ventilation
systems for dairy cow barns: CFD
simulations and field measurements.
Comput Electron Agr 186: 106207. doi:
10.1016/j.compag.2021.106207

32. Ruban S, Borshch OO, Borshch OV,
Orischuk O, Balatskiy Y, Fedorc-
henko M, Kachan A, et al. 2020. The
impact of high temperatures on
respiration rate, breathing condition and
productivity of dairy cows in different
production systems. Anim Sci Pap Rep
38: 61-72.

33. Ruban S, Danshyn V, Matvieiev Ì,
Borshch OO, Borshch OV, Korol-
Bezpala L. 2022. Characteristics of
lactation curve and reproduction in dairy
Cattle. Acta Universitatis Agricet
Silviculturae Mendelianae Brunensis 70:
373-381. doi: 10.11118/actaun.2022.028

34. Sammad A, Wang YJ, Umer S, Lirong
H, Khan I, Khan A, Ahmad B, Wang
Y. 2020. Nutritional physiology and
biochemistry of dairy cattle under the
influence of heat stress: consequences
and opportunities. Animals 10: 793. doi:
10.3390/ani10050793

35. Smith DL, Smith T, Rude BJ, Ward
SH. 2013. Short communication:
Comparison of the effects of heat stress
on milk and component yields and
somatic cell score in Holstein and Jer-
sey cows. J Dairy Sci 96: 3028-3033. doi:
10.3168/jds.2012-5737

36. Summer A, Lora I, Formaggioni P,
Gottardo F. 2019. Impact of heat stress
on milk and meat production. Anim Front
9: 39-46. doi: 10.1093/af/vfy026

37. Wijffels G, Sullivan M, Gaughan J.
2021. Methods to quantify heat stress
in ruminants: Current status and future
prospects. Methods 186: 3-13. doi:
10.1016/j.ymeth.2020.09.004

38. Yadav B, Singh G, Wankar A. 2021.
Acclimatization dynamics to extreme
heat stress in crossbred cattle. Biol
Rhythm Res 52: 524-534. doi:1 0.1080/
09291016.2019.1610627

39. Zahner M, Schrader L, Hauser R,
Keck M, Langhans W, Wechsler B.
2004. The influence of climatic condi-
tions on physiological and behavioural
parameters in dairy cows kept in open
stables. Anim Sci 78: 139-147. doi:
10.1017/S1357729800053923


