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Abstract

The aim of this study was the evaluation of heat stress in milk production in dairy cows (daily milk yield; 
milk production in 1st lactation). The comparison was performed between fraternal twins (full sisters), 
produced on the same farm and same parity. One of the twins produced in a hot period whereas her 
sister produced in a cooler period. Also, there can be differences in milk production between fraternal 
twins. Therefore, a second group of fraternal twins was also created that produced without heat stress. 
Databases of fraternal twins were analysed using PROC GLM analysis of Statistica® with selected effects. 
In conclusion, a negative effect of heat stress on milk production was found. There was an obvious 
tendency (in some cases insignificant) for worse milk production during heat stress in both the daily milk 
yield during hot days and in 1st lactation started in the hot season. Fat content (in %) was also lower in the 
hot period but differences were insignificant. On the other hand, there was found very low differences in 
milk production (and milk components) between fraternal twins produced in season without heat stress.

Keywords: heat stress, milk production

INTRODUCTION
The issue of heat stress is currently a  very 

important topic and especially from the perspective 
of global warming, which could be connected to 
the heat stress of animals. In this case, Schüller et al. 
(2014) stated that heat stress in cows is also related 
to areas with a  mild (subtropical) climate, where 
there are fewer days with high temperatures. Heat 
stress is related to many problems and reflected in 
the production or reproduction traits in many cows. 

In general, the negative relationship of heat stress 
has been demonstrated in the reproduction of cows 
(Bezdíček et  al., 2019, 2020; Tučková and Filipčík, 
2019; Klementová et  al., 2017), in milk production 
including somatic cell count (Rhoads et  al., 2009; 
Gantner et al., 2016; Herbut et al., 2018; Hammami 
et  al., 2013), in the lower value of casein fractions 
in milk (Bernabucci et al., 2015) as well as immune 
function and the health of cows (Rakib et al., 2020; 
He et al., 2020). In this article, we focus on heat stress 

in the milk production (daily milk yield and milk 
production in the 1st lactation) by fraternal twins.

Heat stress is a  one of the important factors 
affecting milk production in cows. These findings 
are reported, for example, by André et  al. (2011), 
who found loss of milk production in the duration 
of the heat stress season. Also, Bernabucci et  al. 
(2002) reported that daily production of milk (in kg) 
and protein percentages was significantly lower 
in summer than in spring. In his later study, the 
authors present lower values of milk components 
(fat, protein, total solids, and solids-not-fat), the 
lowest values of casein fractions (exception is 
γ-CN) and poorer milk coagulation properties but 
greater content of IgG and serum albumin during 
heat stress (Bernabucci et  al., 2015). Also, Broucek 
et al. (2009) noticed that environmental factors play 
an important role in milk production and proved 
lower milk production in cows during heat stress. 
The authors also present the necessity to study 
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methods leading to the reduction of temperature 
in open barns. Wheelock et  al. (2010) found 
a  decrease of milk production during heat stress 
and presented that heat stress reduced dry matter 
intake in Holstein cows by approximately 30%. 
Similar conclusions are also reported by West et al. 
(2003), which present both lower milk production 
and lower dry matter intake during increased air 
temperature. From the point of view of heat stress, 
milk components were also studied. Cowley et  al. 
(2015) presented a change in protein concentration 
and protein composition (αS1-casein increased; αS2-
casein decreased) during heat stress; the authors 
also found an increase of urea milk concentration 
in this period but did not find any influence of heat 
stress on lactose and milk fat content. In conclusion 
the authors proposed that stressed cows (during 
heat stress or restricted dry matter intake) may 
mobilize different endogenous sources of energy 
(Cowley et al., 2015).

From the above presented overview, it is obvious 
that most of the authors agree on the negative 
impact of heat stress on milk production. At the 
same time many authors (Müschner-Siemens et al., 
2020; Bouček et al., 2009 etc.) presented that high-
yielding cows and cows of higher parities (later 
lactation) may be more affected from the heat stress 
than young and low-yielding cows. The breed and 
its resistance to heat stress also play an important 
role (Gantner et al., 2017; Mariasegaram et al., 2007; 
Dikmen et al., 2008). 

In general, most of the observations were based 
on the evaluation of differences between cows in 
temperature-optimal conditions vs. animals under 
heat stress. This evaluation requires an adjustment 
of many factors, such as genetics (father; mother), 
parity, breed, environment, etc., which affects the 
overall expression of trait.

The aim of this study was to evaluate the effect 
of heat stress on milk production (daily milk yield; 
milk production in 1st lactation). Because it is very 
important to take into account the above presented 
factors (age; parity; genetic, etc.), this study 
compared the production of full siblings (fraternal 
twins), stabled on the same farm. One of the twins 
had milk production during the heat (stress) period, 
while the sister (fraternal twins) produced in 
temperature-optimal conditions.

MATERIALS AND METHODS
The evaluation of quantitative traits (including 

milk production) is very significantly affected by 
both environmental and genetic factors (e.g., the 
influence of father and mother; effect of farm). 
These effects can be eliminated in a  number of 
ways. In this work, we eliminate some factors by 
comparing the milk production between fraternal 
twins, which had the same father and mother, the 
same parity and produced on the same farm.

Animals in the Experiment 
Two groups of cows (fraternal twins) were 

created.
•	 The first group compares fraternal twins in 

the HOT vs. COOL period (one of the twins had 
milk production in the hot period and her sister 
produced in the cooler period). The aim was 
to find out the differences in milk production 
between fraternal twins in the hot and cold 
periods (HOT vs. COOL period). 

•	 The second group compares fraternal 
twins in the COOL vs. COOL period. This 
comparison is based on the fact that also in 
optimal temperature conditions there can 
be differences in milk production between 
fraternal twins. Therefore, this second group of 
fraternal twins was created; the aim was to find 
out the differences in milk production between 
fraternal twins produced without heat stress 
(COOL1 vs. COOL2 period).

Evaluated Traits
The daily milk yield (in kg) and milk production 

in first lactation (in kg) were analysed in this 
study. The first milk control of the cows took place 
during the period from the 6th to the 30th day after 
calving. The number of days after calving was also 
considered as a  factor in the statistical evaluation 
by the GLM method. Hot or cool conditions were 
defined two days before the daily milk control. 

Another evaluated trait was the milk production 
in the first lactation. The length of the first lactation 
is generally determined at 305 days. Hot or cool 
conditions were based on the day of calving (and 
thus the beginning of lactation).

I: Studied groups and months

Production in kg Season in general Months

daily milk yield 
HOT vs. COOL first daily milk control: Jun–September vs. October–May

COOL1 vs. COOL2 first daily milk control: September–December vs. January–March

1. lactation 
HOT vs. COOL calving in: Jun and July vs. October–May

COOL1 vs. COOL2 calving in: September–December vs. January–March
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Statistical Processing
The data of the full sisters (fraternal twins) 

were analysed in this study using PROC GLM of 
Statistica®. Different effects were used for GLM 
analysis (separately for: HOT vs. COOL and COOL1 
vs. COOL2 period) and t-test (dependent samples) 
for basic statistical analysis. A test for homogeneity 
(first step of calculation) was done using the 
Cochran-Hartley-Bartlett test and residuals. These 
results presented the suitability for the next analysis 
and the GLM method. Selected effects were used 
in the final calculation: the season effect (HOT vs. 
COOL; COOL1 vs. COOL2 season); effect of days after 
calving; effect of breed (Holstein, Czech Fleckvieh) 
and effect of breeding value of sire.

Statistical processing was performed separately for 
daily milk yield (in kg) and for first lactations (in kg) 
and separately for the period: HOT vs. COOL and 
COOL1 vs. COOL2. The calculation was performed 
according to the following model equations:

Model for daily milk yield (in kg):

Y(HOT vs. COOL)ijkl =
= µ + Season1i + Days1j + Breed1k + RBV1l + ei,j,k,l� (1)

Y(COOL1 vs. COOL2)ijkl =
= µ + Season2i + Days2j + Breed2k + RBV2l + ei,j,k,l� (2)

where:
Yijkl	��������������corrected value (dependent variable) = daily 

milk production (in kg),
μ	������������������mean value,
Season1i	����HOT/COOL season = two days before 

first milk control in hot or cool season 
(in generally: HOT season = Jun–September, 
n = 32; COOL season = October–May, n = 32),

Season2i	����COOL1/COOL2 season = two days before 
first milk control in cool or cool season (in 
generally: COOL1 season = September–
December, n = 39; COOL2 season = January–
March, n = 39),

Days1j	��������days after calving (1 = to 25 days, n = 22; 
26 and more, n = 42),

Days2j	��������days after calving (1 = to 25 days, n = 33; 
26 and more, n = 45),

Breed1k	�����breed of cow (1 = Holstein, n = 40; 
2 = Czech Fleckvieh, n = 24),

Breed2k	�����breed of cow (1 = Holstein, n = 54; 
2 = Czech Fleckvieh, n = 24),

RBV1l	���������relative breeding value of sire (1 = to 110, 
n = 32; 2 = 111 and more, n = 32),

RBV2l	���������relative breeding value of sire (1 = to 110, 
n = 66; 2 = 111 and more, n = 12),

eijkl	���������������residual error.

Model pro milk production in 1st lactation (in kg):

Y(HOT vs. COOL)ijk = 
= µ + Season1i + Breed1j + RBV1k + ei,j,k� (3)

Y(COOL1 vs. COOL2)ijk = 
= µ + Season2i + Breed2j + RBV2k + ei,j,k� (4)

where:
Yijkl	��������������corrected value (dependent variable) = milk 

production in 1. lactation (in kg),
μ	������������������mean value,
Season1i	����HOT/COOLl season = calving in hot vs. cool 

season (HOT season = Jun and July, n = 44; 
COOL1 season = calving in October–May, 
n = 44),

Season2i	����COOL1/COOL2 season = calving in cool vs. 
cool season (COOL1 season = September–
December, n = 53; COOL2 season = January–
March, n = 53),

Breed1k	�����breed of cow (1 = Holstein, n = 66; 2 = Czech 
Fleckvieh, n = 22),

Breed2k	�����breed of cow (1 = Holstein, n = 68; 2 = Czech 
Fleckvieh, n = 38),

RBV1l	���������relative breeding value of sire (1 = to 110, 
n = 50; 2 = 111 and more, n = 38),

RBV2l	���������relative breeding value of sire (1 = to 110, 
n = 66; 2 = 111 and more, n = 40),

eijkl	���������������residual error.

THI Index and Time-point of Heat Stress
It is advantageous for the evaluation of heat stress 

to use Temperature Humidity Index (THI) which 
includes the air temperature and relative humidity. 
The THI was calculated according to the following 
equation: 

Temperature-humidity index (THI) =
0.8 × ambient temperature + [(% relative humidity ÷ 100) ×
× (ambient temperature-14.4)] + 46.4� (5)

(Buffington et al., 1981). 

The maximum day temperature and maximum 
day humidity were obtained from the Czech Hydro 
Meteorological Institute in Brno.

In this study the limit of heat stress was based at 71 
and more, which is based on the conclusions of other 
authors. The THI index was used for the evaluation 
of the level of heat stress and for the creation groups 
of animals: under and without heat stress. 

In the case of the daily milk yield, the THI index 
was determined two days before the milk control 
(similar in reproduction; cows are sensitive to heat 
stress a few days before insemination (Al-Katanani 

II: THI index in different temperature periods

THI

mean min. max.

HOT 76.46 70.88 86.14

COOL 50.96 15.36 70.57

COOL1 46.42 27.74 68.03

COOL2 43.94 26.15 70.65
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et al., 1999; Schüller et al., 2014; Morton et al., 2007)). 
In the case of milk production in first lactation, the 
THI index was determined on the day of calving 
(and thus the beginning of lactation). 

RESULTS

Daily Milk Yield 
Tab.  III presents the basic statistical comparison 

of the daily milk yield between the fraternal twins 
in the hot vs. cool period (HOT vs. COOL). The 
results showed a  significantly lower milk yield 
in the hot season than in the cold season (24.83 
vs. 26.53 kg); the milk components tended to have 
a  lower fat percentage content during the hot 
period (insignificant).

However, in the case without heat stress there 
can also be differences in milk production between 
the full sisters (COOL1 vs. COOL2). This comparison 
is presented in Tab. IV. In the case of the twins who 
were not affected by heat stress (COOL1 vs. COOL2), 

the differences in milk production were very low 
(26.23 vs. 25.81).

The evaluation of the daily milk yield was also 
performed by the GLM method, taking into account 
selected factors (days after calving; breed; RBV). 
The results are shown in Tabs. V and VI. Although 
the results were not statistically significant, there 
is a  lower milk yield in the hot period than in the 
cold season (HOT vs. COOL; 23.48 vs. 25.5 kg); on 
the other hand, the comparison between the full 
sisters in the cold vs. cold period presented very low 
differences (COOL1 vs. COOL2; 24.87 vs. 24.72 kg). 
Results of fat content also tended to have a  lower 
value during the hot period (insignificant).

The breed of the cows shows to be a  very 
important factor as well. Significant differences 
were found in the daily milk yield between Holstein 
vs. Czech Fleckvieh in both studied groups: HOT vs. 
COOL; COOL1 vs. COOL2 (27.62 vs. 21.36; 26.76 vs. 
22.85 kg). In general, a lower protein content (in %) 
was also found in Holstein cows.

III: Basic statistical evaluation of first daily milk yield control 
(in kg) in HOT vs. COOL period 

Trait Season Mean ± SD N p

Milk (kg)
HOT 24.83 6.40 32

0.0293
COOL 26.53 5.34 32

Fat (%)
HOT 3.86 0.71 32

0.1495
COOL 4.11 0.68 32

Protein (%)
HOT 3.12 0.44 32

0.2903
COOL 3.06 0.33 32

first daily milk control in:
HOT season = Jun–September
COOL season = October–May

IV: Basic statistical evaluation of first daily milk yield control 
(in kg) in COOL1 vs. COOL2 period

Trait Season Mean ± SD N p

Milk (kg)
COOL1 26.23 4.47 39

0.5966
COOL2 25.81 5.80 39

Fat (%)
COOL1 3.97 0.64 39

0.0367
COOL2 4.22 0.66 39

Protein (%)
COOL1 3.15 0.36 39

0.4382
COOL2 3.10 0.37 39

first daily milk control in:
COOL1 season = September–December
COOL2 season = January–March

V: GLM analysis of daily milk yield (in kg), fat (in %) and protein (%) in HOT vs. COOL period

Trait Category N
Milk (kg) Fat (%) Protein (%)

LSM ± SD LSM ± SD LSM ± SD

Season
HOT 32 23.48 0.98 3.92 0.13 3.22 0.07

COOL 32 25.50 0.93 4.14 0.12 3.13 0.06

Days in milk
1 22 23.17 1.15 4.18 0.15 3.28 0.08

2 42 25.81 0.79 3.88 0.11 3.07 0.05

Breed
1 40 27.62A 0.82 4.03 0.11 2.97A 0.06

2 24 21.36A 1.14 4.04 0.15 3.37A 0.08

RBV
1 32 24.91 0.99 3.87 0.13 3.22 0.07

2 32 24.07 0.94 4.19 0.12 3.12 0.06

p A = 0.0001 A = 0.001

r2 0.3063 0.124 0.2522
RBV – Relative breeding value
1st daily milk control in: HOT season = Jun–September; COOL season = October–May
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Milk Production in 1st Lactation
Milk production (in first lactation; 305 days in milk) 

is extensively affected mainly at the beginning of 
lactation, when there is an extensive increase in 
milk production. This period is crucial for overall 
lactation and heat stress can be an important factor. 

The results of the basic statistical analysis are 
shown in Tabs. VII and VIII. Although statistically 
significant differences were not found, lower milk 
production is evident in cows that started lactation 
during periods of higher temperatures (HOT vs. 
COOL; 6945.27 vs. 7221.48 kg – Tab.  VII). Milk 
components in first lactation (fat, protein) were not 
affected by heat stress. By comparison, the fraternal 
twins without heat stress at the beginning of 
lactation (Tab. VIII), the differences between the full 
sisters in milk production per 1st lactation were very 
low (COOL1 vs. COOL2; 6817.27 vs. 6870.77 kg).

Subsequently, an evaluation of milk production in 
1st lactation using the GLM analysis was performed, 
considering the following factors: season; breed; 

relative breeding value of sire (RBV) – Tabs. IX and X. 
Although statistically significant differences were 
not found between the fraternal twins, lower milk 
production was obvious when lactation started 
during the hot season (HOT vs. COOL; 6540.10 
vs. 6816.31 kg – Tab.  IX). On the other hand, the 
difference between fraternal twins produced 
without heat stress (COOL1 vs. COOL2) was very low 
(6522.11 vs. 6612.11 kg – Tab.  X). Negative effects 
were not found on the milk components during the 
hot summer period. Significant the influence of the 
breed proved to be evident. Holstein cattle (compared 
to Czech Fleckvieh) presented a  significantly lower 
milk production (7613.27 vs. 5743.14 kg) and content 
of fat (3.94 vs. 4.28%) and protein (3.36 vs. 3.57%) 
as well. The same tendency we can see in fraternal 
twins produced in optimal season. In the case of 
Relative breeding value (RBV), there is a tendency for 
higher milk production from fathers with a  higher 
breeding value. The results of the GLM analysis 
in 1st lactation are shown in Tabs. IX and X. 

VI: GLM analysis of daily milk yield (in kg), fat (in %) and protein (%) in COOL1 vs. COOL2 period

Trait Category N
Milk (kg) Fat (%) Protein (%)

LSM ± SD LSM ± SD LSM ± SD

Season
COOL1 39 24.87 0.99 3.95 0.13 3.13 0.07

COOL2 39 24.72 0.97 4.15 0.13 3.08 0.07

Days in 
milk

1 33 24.04 1.05 4.20A 0.14 3.13 0.07

2 45 25.56 0.92 3.90A 0.12 3.07 0.06

Breed
1 54 26.76A 0.86 4.00 0.11 2.97 0.06

2 24 22.85A 1.13 4.11 0.15 3.23 0.08

RBV
1 66 25.32 0.65 4.18 0.09 3.21 0.05

2 12 24.27 1.43 3.93 0.19 3.00 0.10

p A = 0.0024 A=0.0251

r2 0.1454 0.1098 0.1586
RBV – Relative breeding value
1st daily milk control in: COOL1 season = September–December; COOL2 season = January–March

VII: Basic statistical analysis of differences in milk 
production (1st lactation) between fraternal twins in HOT vs. 
COOL period

Season Mean ± SD N p

Milk (kg)
HOT 6945.27 3902 44

n.s.
COOL 7221.48 4278 44

Fat (%)
HOT 4.01 3.08 44

n.s.
COOL 4.06 3.00 44

Protein (%)
HOT 3.40 2.90 44

n.s.
COOL 3.42 2.91 44

n.s. non significant
first lactation started in:
HOT season = Jun and July
COOL season = October–May

VIII: Basic statistical analysis of differences in milk production 
(1st lactation) between fraternal twins in  COOL1 vs. COOL2 
period

Season Mean ± SD N p

Milk (kg)
COOL1 6817.27 4375 52

n.s.
COOL2 6870.77 3687 52

Fat (%)
COOL1 3.87 2.90 52

n.s.
COOL2 3.95 2.85 52

Protein (%)
COOL1 3.35 2.81 52

n.s.
COOL2 3.39 2.85 52

n.s. non significant
first lactation started in:
COOL1 season = September–December
COOL2 season = January–March
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DISCUSSION
Other authors have also shown a negative effect of 

heat stress on milk production, not only in the form 
of daily milk yield but also in milk production for 
the whole lactation. Brouček et  al. (2009) presented 
a  significant decrease of milk production in the hot 
months (in August). Specifically, in June, a daily milk 
yield of 35.95 kg was found in contrast to the hot 
period (in August) with a decrease of milk production 
to 32.26 kg. Similarly, the evaluation for lactation 
showed a negative effect of heat stress when lactation 
started in the hot months. In this case a significantly 
lower milk production (8954.4 ± 1526.9 kg) was found 
compared to the other two groups of cows, which had 
in the warmest months 51–120 vs. 121–200 days in 
milk (milk production per lactation 9614.1; 9254.3 kg). 
Also, Wheelock et  al. (2010) found a  decrease of 
milk production during heat stress in Holstein cows; 
specifically, during pair-feeding a  decrease of 13.9% 
(4.8 kg) was found and during heat stress there was 
a decrease of 27.6% (9.6 kg). Losses in milk production 
during heat stress were also demonstrated by André 
et  al. (2011), who presented loss of milk production 

31.4 ± 12.2 kg of milk/cow per year. Bernabucci et al. 
(2002)  reported that daily production of milk (in kg) 
and protein percentages were significantly lower in 
summer by 10% vs. 9.9% than in spring (specifically 
milk 26.7 vs. 29.5 l/day: protein 3.01 vs. 3.31%). Also 
in the following research, Bernabucci et  al. (2015) 
presented the lowest values ​​of milk components 
(fat; protein) in summer than in the winter period. 
Specifically, the authors found the content of fat in 
the summer vs. winter period (3.20 vs. 3.80%) and 
protein content 3.29 vs. 3.50%). A negative impact of 
heat stress in milk production was also found by West 
et al. (2003). The authors reported a reduction in milk 
yield (Holstein and Jersey cows) during the hot period 
with 0.88 and 0.84 kg/d per unit increase in THI. 
On the other hand, Cowley et al. (2015) did not find 
any influence of heat stress on lactose and milk fat 
content but found influence of heat stress in protein 
concentration and protein composition.

In accordance with our findings, most authors agree 
on the negative impact of temperature stress on milk 
production, presented in both daily milk production 
and in production per lactation. Our results in the milk 

IX: GLM analysis of milk production in 1st lactation in HOT vs. COOL period 

Trait Category N
Milk (kg) Fat (%) Protein (%)

LSM ± SD LSM ± SD LSM ± SD

Season
HOT 44 6540.10 250.18 4.08 0.09 3.45 0.05

COOL 44 6816.31 250.17 4.13 0.09 3.47 0.05

Breed
1 66 7613.27A 194.73 3.94A 0.07 3.36A 0.04

2 22 5743.14A 330.83 4.28A 0.12 3.57A 0.06

RBV
1 50 6220.90 254.45 4.19 0.09 3.50 0.05

2 38 7135.51 254.45 4.02 0.09 3.43 0.05

p A = 0.001 A = 0.0397 A = 0.0084

r2 0.2384 0.0695 0.0918
RBV – Relative breeding value
1st lactation started in: HOT season = Jun and July; COOL season = October–May

X: GLM analysis of milk production in 1st lactation in COOL1 vs. COOL2 period

Trait Category N
Milk (kg) Fat (%) Protein (%)

LSM ± SD LSM ± SD LSM ± SD

Season
COOL1 53 6522.11 185.91 3.92 0.06 3.39 0.04

COOL2 53 6612.11 185.91 3.99 0.06 3.42 0.04

Breed
1 68 7461.63A 176.96 3.85A 0.06 3.28A 0.03

2 38 5672.96A 217.10 4.06A 0.07 3.52A 0.04

RBV
1 66 6454.46 182.46 3.88B 0.06 3.43 0.03

2 40 6680.14 210.38 4.03B 0.07 3.38 0.04

p A = 0.001 A = 0.0035 
B = 0.0114 A = 0.001

r2 0.2881 0.1057 0.1057
RBV – Relative breeding value
1st lactation started in: COOL1 season = September–December; COOL2 season = January–March
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fat content are also in agreement with the conclusions 
of other authors. The effect of heat stress in the protein 
content was not found in our study, although some 
authors have shown a negative effect of heat stress in 
protein concentration or in protein composition.

Therefore, it is very important to pay attention to 
heat stress. The solution is e.g., using a water shower, 
ventilation or providing shade (Kendal et al., 2007; 
Herbut et al., 2015; Legrand et al., 2011). The correct 
timing of cooling and correct management is also 
very important (Fabris et al., 2019).

CONCLUSION
In conclusion, this study has shown a negative effect of heat stress on milk production (in kg) in both 
daily milk production during hot days and in production per 1st lactation started in the hot season. 
Also fat percentage tended to be lower during the hot period (insignificant). On the other hand, the 
differences in milk production between the fraternal twins were very low in the case without heat 
stress.

Acknowledgements
This study was supported by the Ministry of Agriculture of the Czech Republic (NAZV, grant 
No. QK22010270 and Institutional support MZE-RO1218) and by the internal grant of the Palacky 
University (IGA_PrF_2022_024). We would like to thank the "Czech Hydrometeorological Institute" 
in Brno for the weather data and CRV Czech Republic s.r.o. too.

REFERENCES
AL-KATANANI, Y. M., WEBB, D. W. and HANSEN, P. J. 1999. Factors affecting seasonal variation in 90-

day nonreturn rate to first service in lactating Holstein cows in a hot climate. J Dairy Sci., 82(12): 
2611–2616. DOI: 10.3168/jds.S0022-0302(99)75516-5

ANDRÉ, G., ENGEL, B., BERENTSEN, P. B. M., VELLINGA, T. H. V. and OUDELANSINK, A. G. J. M. 2011. 
Quantifying the effect of heat stress on daily milk yield and monitoring dynamic changes using an 
adaptive dynamic model. J. Dairy Sci., 94(9): 4502–4513. DOI:https://doi.org/10.3168/jds.2010-4139

BERNABUCCI, U., LACETERA, N., RONCHI, B. and NARDONE, A. 2002. Effects of the hot season on milk 
protein fractions in Holstein cows. Anim. Res., 51: 25–33. DOI: 10.1051/animres:2002007

BERNABUCCI, U., BASIRICÒ, L., MORERA, P., DIPASQUALE, D., VITALI, A., PICCIOLI CAPPELLI, F. and 
CALAMARI, L. 2015. Effect of summer season on milk protein fractions in Holstein cows. J Dairy Sci., 
98(3): 1815–1827. DOI: https://doi.org/10.3168/jds.2014-8788

BEZDÍČEK, J., NESVADBOVÁ, A. and LOUDA, F. 2020. The effect of high summer temperatures on 
reproduction in Holstein and Czech Fleckvieh. Acta Univ. Agric. Silvic. Mendelianae Brun, 68(1): 
9–16. DOI: doi.org/10.11118/actaun202068010009

BEZDÍČEK, J., STÁDNÍK, L., MAKAREVICH, A., KUBOVIČOVÁ, E., LOUDA, F., HEGEDÜŠOVÁ, Z. and 
HOLÁSEK, R. 2019. The effect of mild temperature stress on the ovarian activity in cows. J. Microbiol. 
Biotech. Food Sci., 9(3): 639–642. DOI: DOI:10.15414/jmbfs.2019/20.9.3.639-642, 2019

BROUCEK, J., NOVAK, P., VOKRALOVA, J., SOCH, M., KISAC, P. and UHRINCAT, M. 2009. Effect of high 
temperature on milk production of cows from free-stall housing with natural ventilation. Slovak J. 
Anim. Sci., 42(4): 167–173.

BUFFINGTON, D. E., COLLAZO-AROCHO, A., CANTON, G. H., PITT, D., THATCHER, W. W. and COLLIER, 
R. J. 1981. Black globe-humidity index (BGHI) as comfort equation for dairy cows. Transactions of 
the ASAE, 24(3): 711–714. DOI: 10.13031/2013.3432

COWLEY, F. C., BARBER, D. G., HOULIHAN, A. V. and POPPI, D. P. 2015. Immediate and residual effects 
of heat stress and restricted intake on milk protein and casein composition and energy metabolism. 
J. Dairy Sci., 98(4): 2356–2368. DOI: DOI: 10.3168/jds.2014-8442

DIKMEN, S., ALAVA, E., PONTES, E., FEAR, J. M., DIKMEN, B. Y., OLSON, T. A. and HANSEN, P. J. 2008. 
Differences in thermo-regulatory ability between slick-haired and wild-type lactating Holstein 
cows in response to acute heat stress. J. Dairy Sci., 91(9): 3395–3402. DOI: 10.3168/jds.2008-1072

FABRIS, T. F., LAPORTA, J., SKIBIEL, A. L., CORRA, F. N., SENN, B. D., WOHLGEMUTH, S. E. and DAHL, 
G. E. 2019. Effect of heat stress during early, late, and entire dry period on dairy cattle. J. Dairy Sci., 
102(6): 5647–5656. DOI: https://doi.org/10.3168/jds.2018-15721

GANTNER, V., KUTEROVAC, K. and POTOČNIK, K. 2016. Effect of heat stress on metabolic disorders 
prevalence risk and milk production in Holstein cows in Croatia. Ann. Anim. Sci., 16(2): 451–461. 
DOI: 10.1515/aoas-2015-0097



372	 Jiří Bezdíček, Andrea Nesvadbová, Luděk Stádník, František Louda

This work is licensed under a Creative Commons Attribution-NonCommercial-NoDerivatives 4.0 
(CC BY-NC-ND 4.0) International License

GANTNER, V., BOBIC, T., GANTNER, R., GREGIC, M., KUTEROVAC, K., NOVAKOVIC, J. and POTOCNI, 
K. 2017. Differences in response to heat stress due to production leveland breed of dairy cows. 
International Journal of Biometeorol, 61: 1675–1685. DOI: 10.1007/s00484-017-1348-7

HAMMAMI, H., BORMANN, J., M'HAMDI, N., MONTALDO, H. H. and GENGLER, N. 2013. Evaluation 
of heat stress effects on production traits and somatic cell score of Holsteins in a  temperate 
environment. J. Dairy Sci., 96(3): 1844–1855. DOI: https://doi.org/10.3168/jds.2012-5947

HE, S., YIN, Q., XIONG, Y., LIU, D. and HU, H. 2020. Effects of dietary fumaric acid on the growth 
performance, immune response, relative weight and antioxidant status of  immune organs 
in  broilers exposed to  chronic heat stress. Czech J. Anim. Sci., 65(3): 104–113. DOI: https://doi.
org/10.17221/13/2020-CJAS

HERBUT, P., ANGRECKA, S. and GODYŃ, D. 2018. Effect of the duration of high air temperature on 
cow's milking performance in moderate climate conditions. Ann Anim Sci., 18(1): 195–207. DOI: 
10.1515/aoas-2017-0017

HERBUT, P., ANGRECKA, S., NAWALANY, G. and ADAMCZYK, K. 2015. Spatial and temporal distribution 
of temperature, relative humidity and air velocity in a parallel milking parlour during summer 
period. Ann. Anim Sci., 15(2): 517–526. DOI: 10.1515/aoas-2015-0001

KENDALL, P. E., VERKERK, G. A., WEBSTER, J. R. and TUCKER, C. B. 2007. Sprinklers and shade cool 
cows and reduce insect-avoidance behav-ior in pasture-based dairy systems. J. Dairy Sci., 90(8): 
3671–3680. DOI: 10.3168/jds.2006-766

KLEMENTOVÁ, K., FILIPČÍK, R. and HOŠEK, M. 2017. The effect of ambient temperature on conception 
and milk performance in breeding Holstein cows. Acta Univ. Agric. Silvic. Mendelianae Brun., 65(5): 
1515–1520. DOI: 10.11118/actaun201765051515

LEGRAND, A., SCHÜTZ, K. E. and TUCKER, C. B. 2011. Using water to cool cattle: Behavioural and 
physiological changes associated with voluntary use of cow showers. J. Dairy Sci. 94(7): 3376–3386. 
DOI: https://doi.org/10.3168/jds.2010-3901

MARIASEGARAM, M., CHASE, C. C. JR, CHAPARRO, J. X., OLSON, T. A., BRENNEMAN, R. A. and NIEDZ, 
R. P. 2007. The slick hair coat locus maps to chromosome 20 in Senepol-derived cattle. Anim. Genet. 
38: 54–59. DOI: 10.1111/j.1365-2052.2007.01560.x

MORTON, J. M., TRANTER, W. P., MAYER, D. G. and JONSSON, N. N. 2007. Effects of environmental heat 
on conception rates in lactating dairy cows: critical periods of exposure. J Dairy Sci., 90(5): 2271–
2278. DOI: 10.3168/jds.2006-574

MÜSCHNER-SIEMENS, T., HOFFMANNA, G., AMMONA, C. and AMON, T. 2020. Daily rumination time 
of lactating dairy cows under heat stress conditions. Journal of Thermal Biology, 88: 102484. DOI: 
10.1016/j.jtherbio.2019.102484

RAKIB, M. R. H., ZHOU, M., XU, S., LIU, Y., KHAN M. S., HAN, B. and GAO, J. 2020. Effect of heat 
stress on udder health of dairy cows. J. Dairy Res., 87(3): 315–321. DOI: https://doi.org/10.1017/
S0022029920000886

RHOADS, M. L., RHOADS, R. P., VANBAALE, M. J., COLLIER, R. J., SANDERS, S. R., WEBER, W. J., CROOKER, 
B. A. and BAUMGARD, L. H. 2009. Effects of heat stress and plane of nutrition on lactating Holstein 
cows: I. Production, metabolism, and aspects of circulating so-matotropin. J. Dairy Sci., 92(5): 1986–
1997. DOI: 10.3168/jds.2008-1641

SCHÜLLER, L. K., BURFEIND, O. and HEUWIESER, W. 2014. Impact of heat stress on conception 
rate of dairy cows in the moderate climate considering different temperature – humidity index 
thresholds, periods relative to breeding, and heat load indices. Theriogenology, 81(8): 1050–1057. 
DOI: 10.1016/j.theriogenology.2014.01.029

TUČKOVÁ, K. and FILIPČÍK, R. 2019. Effect of heat stresson agein conception of holstein heifers. Acta 
Univ. Agric. Silvic. Mendelianae Brun., 67(1): 173–177. DOI: 10.11118/actaun201967010173

WEST, J. W., MULLINIX, B. G. and BERNARD, J. K. 2003. Effects of hot, humid weather on milk 
temperature, dry matter intake, and milk yield of lactating dairy cows. J Dairy Sci., 86(1): 232–242. 
DOI: https://doi.org/10.3168/jds.S0022-0302(03)73602-9

WHEELOCK, J. B., RHOADS, R. P., VANBAALE, M. J., SANDERS, S. R. and BAUMGARD, L. H. 2010. Effects 
of heat stress on energetic metabolism in lactating Holstein cows. J. Dairy Sci., 93: 644–655. DOI: 
10.3168/jds.2009-2295

Contact information
Jiří Bezdíček: jiri.bezdicek@upol.cz

https://creativecommons.org/licenses/by-nc-nd/4.0/
https://creativecommons.org/licenses/by-nc-nd/4.0/

