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Introduction

Heat stress causes significant intracellular and 
organizational changes that help animals adapt to 
altered conditions (Bakony et  al., 2019). Due to 
climate change, average daily temperatures have 
risen significantly in recent years in the spring 
and summer months, and forecasts point to further 
increases (Solymosi et al., 2010). Thus, the number 
of days when only continuous and efficient cooling 
of stables can ensure an optimal thermal environment 
for high-yielding dairy cows is increasing (Fournel 
et al., 2017). An increase in body temperature causes 
changes at the cellular and systemic level that reduce 
the intensity of metabolic and production processes 
associated with heat generation in the short and 
long term (homeoretic adaptation). Heat shock 
proteins (HSP) are produced to prevent cellular 
damage caused by several stressors, including rising 

temperatures. HSP can be grouped according to their 
molecular weight, with the production of 70  kDa 
HSP (HSP70) being the most significant under heat 
stress conditions (Kiang and Tsokos, 1998). 

There are several other metabolic and hormonal 
changes that help cows perform better under warm 
environmental conditions. Cows exposed to heat 
stress have increased basal insulin concentration and 
insulin sensitivity despite reduced dry matter intake 
(Itoh et al., 1998; Wheelock et al., 2010). Enhanced 
insulin action limits the amount of glucose available 
to the mammary gland by reducing fat breakdown 
and increasing cellular glucose uptake. Peripheral 
tissues utilise glucose rather than free fatty acids as 
a source of energy (Wheelock et al., 2010; Baumgard 
et al., 2011; Min et al., 2017), and in consequence, 
the concentration of free fatty acids decreases in 
blood plasma (Calamari et  al., 2011). Increased 
breakdown of muscle proteins (glycoplastic amino 
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acids) may also partly contribute to higher glucose 
formation, which can be inferred from the observed 
elevated plasma urea concentration under heat stress 
(Schwartz et al., 2009).

Earlier findings have suggested that high-pro-
ducing cows are more susceptible to heat stress than 
low-yielding ones (Kadzere et al., 2002; Collier et al., 
2006; Hansen, 2013). Breeds with higher milk yields 
produce more metabolic heat, which reduces the 
cow’s ability to maintain normal temperature under 
heat stress conditions. Most heat stress studies used 
Holstein cows, and only a few works examined milk 
production in Jersey cows in terms of heat stress 
(Harris et al., 1960; Collier et al., 1981; Smith et al., 
2013). Higher resistance to heat stress in Simmentals 
than Holsteins was demonstrated by determining the 
temperature-humidity index (THI) threshold for daily 
milk yield, fat and protein contents (Gantner et  al., 
2017a), as well as the analysis of daily milk yield and 
somatic cell count (Gantner et al., 2017b).

Based on the above findings, our study aimed to 
compare the expected changes in HSP70 and insulin 
concentrations and certain metabolic parameters in 
the Jersey, Holstein-Friesian and Hungarian Sim-
mental breeds during thermoneutral and heat stress 
periods in Hungary under field conditions.

Material and methods
All animal handling and sampling methods were 

in accordance with the ethical permission of the Sci-
entific Ethics Board for Animal Experiments, and is-
sued by the Pest County Government Office, Buda-
pest, Hungary (permit No.: PEI/001/3721-4/2015). 

For this study, one farm breeding Holstein-Frie-
sians (HF; Pusztaszabolcs, Hungary, 47°08’19.5“N 
18°44’20.9”E), one farm breeding Hungarian Sim-
mentals (hereafter referred to as Simmental (HS); 
Tevel, Hungary, 46°25’49.8”N 18°27’16.8”E) and 
one breeding Jersey cattle (Csengersima, Hungary, 
47°51’35.4”N 22°43’25.4”E) were selected; farm 
data are summarized in Table 1. We selected 30 clin-
ically healthy HF, HS or Jersey cows per herd from 
the selected farms. Ten pre-lactating cows/breed, 
maximum two weeks before the expected calving 
(DRY), ten cows/breed at peak lactation (PEAK), 
and ten low-yielding cows/breed (LOW) at the end 
of lactation were enrolled in the study (Table  2). 
Blood and saliva samplings were conducted once 
in the spring (March-April) and once in the sum-
mer (July–August), in the morning (10–11 am). At 
the time of spring and summer sampling, the tem-
perature and humidity in the barns were measured 
for a  week using a  weather data logger (Voltcraft 
DL-181THP, Conrad Electronic GmbH, Hirschau, 
Germany; Table 3). We calculated the temperature-
humidity index (THI) according to Bianca (1962) 
using the following formula:

THI = (0,15 × Tdb + 0,85 × Twb) × 1,8 + 32,

where: Tdb is dry-bulb temperature (°C), and Twb is 
wet-bulb temperature (°C).

Blood samples were taken from caudal vessels 
into heparinized sampling syringes (S-Monovette, 
Sarstedt GmbH, Nümbrecht, Germany); saliva sam-
ples were collected into synthetic rolls (Salivette 
Cortisol, Sarstedt GmbH, Nümbrecht, Germany). 
We held the rolls with Collin tongue forceps, put 

Table 1. Data of the farms selected for the study

Breed Number of cows Average milk production,  
kg/305 day lactation

Average milk fat,  
%

Average milk protein,  
%

Farm 1 Holstein-Friesian 650 9500 3.7 3.2
Farm 2 Hungarian Simmental 400 6655 3.9 3.4
Farm 3 Jersey 380 6800 4.7 3.7

Table 2. Data of cows in the study

Period Group Number of lactations Days after calving Rectal temperature, °C
HF Jersey HS HF Jersey HS HF Jersey HS

Spring DRY 4.1 ± 0.4 2.2 ± 0.3 3.3 ± 0.3 – – – 38.8 ± 0.1a 38.9 ± 0.1a 38.5 ± 0.1a

PEAK 3.0 ± 0.4 2.1 ± 0.4 2.6 ± 0.3 134 ± 3 155 ± 3 145 ± 3 38.2 ± 0.1 38.3 ± 0.1 38.5 ± 0.1
LOW 1.9 ± 0.3 1.7 ± 0.3 2.1 ± 0.1 308 ± 14 284 ± 6 283 ± 6 38.7 ± 0.1 38.5 ± 0.1 38.7 ± 0.1

Summer DRY 2.3 ± 0.4 2.2 ± 0.3 3.0 ± 0.3 – – – 39.1 ± 0.1b 39.4 ± 0.1b 39.1 ± 0.1b

PEAK 3.0 ± 0.5 2.1 ± 0.5 2.3 ± 0.2 151 ± 2 167 ± 3 132 ± 2 38.4 ± 0.11 38.8 ± 0.12 38.8 ± 0.12

LOW 2.7 ± 0.2 2.3 ± 0.3 2.4 ± 0.3 294 ± 5 273 ± 9 277 ± 4 38.5 ± 0.1 38.7 ± 0.1 38.9 ± 0.1
HF – Holstein Friesian, HS – Hungarian Simmental, DRY – pre-lactating cows maximum two weeks prior to the expected calving, PEAK – cows at 
peak lactation, LOW – low yielding cows at the end of lactation; data are presented as mean value ± SE; ab superscript  letters indicate a significant 
difference between thermoneutral and heat stress periods within a breed (P < 0.05), 1,2 superscript numbers indicate significant differences 
between breeds and within groups in the heat stress period (P < 0.05)
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them into the cow’s mouth between the molars and 
bucca when the cows were not ruminating to avoid 
sample contamination. The cows were allowed to 
chew on the rolls for approximately 20 s. Both the 
Salivettes and sampling syringes were immediately 
placed on ice and transported to the laboratory. 

At the time of blood samplings, the cows’ rectal 
temperature was also measured using a  digital 
thermometer (VT 1831, Microlife AG, Widnau, 
Switzerland).

Blood samples were centrifuged (10  min, 
3000  g), and the plasma was subsequently sepa-
rated and stored at −20 °C for further analysis. The 
Salivettes were centrifuged (10 min, 3000 g) to col-
lect saliva from the synthetic rolls. Saliva samples 
were stored at −20 °C for further analysis. 

Plasma and saliva samples were assayed for 
HSP70 concentration using ELISA (SEA873Mi, 
Cloud-Clone Corp., Katy, TX, USA; sensitiv-
ity: 0.56  ng/ml; intra-assay CV:  < 10%; interassay  
CV:  < 12%) according to the manufacturer’s in-
structions. Plasma insulin levels were determined 
using the RIA method (RK-4000CT, Institute of 
Isotopes, Budapest, Hungary; sensitivity: 1.71 µIU/
ml; intra-assay CV:  < 5%; interassay CV:  < 5%); 
plasma glucose, beta-hydroxybutyrate (BHB) and 
urea concentrations were measured using an A-25 
analyzer (Biosystems S.A., Barcelona, Spain) and 
colourimetric assay kits (DCC430100, Diagon Ltd., 
Budapest, Hungary; 10121  Glucose liquicolor and 
10521  Urea liqui UV by Medi-Lab Ltd., Buda-
pest, Hungary, respectively). The concentration of  

non-esterified fatty acid (NEFA) in plasma samples 
was measured by the method of Noma et al. (1973) 
using a Unicam Helios Gamma photometer equipped 
with automatic samplers (Unicam Ltd., London, UK).

Statistical analysis
Mean values of milk yield, milk composition, 

heat shock protein concentration and metabolic pa-
rameters were compared between different breeds 
and thermal conditions (spring vs summer) at three 
production levels (dry period, peak lactation, low 
milk production). After thorough investigation of 
their origin, outliers (one value in plasma HSP and 
salivary HSP) were excluded from the analysis. 

Since the experimental design allowed for re-
peated sampling from the same animal, the cor-
relation of such measures was taken into account 
by fitting linear mixed models with individual nu-
merical parameters as a  response variable; breed, 
thermal condition, production and their two- and 
three-way interactions were applied as explanatory 
variables, and cow ID as a  random effect, adding 
a random term to the intercept. Model selection was 
performed by removing insignificant interaction 
terms from the model and minimising the Bayesian 
information Criterion value. Comparisons between 
breeds and thermal conditions were performed for 
each production level by post-hoc multiple com-
parisons. P-values were adjusted according to the 
method of Bonferroni and Holm (Holm, 1979). The 
level of significance was set at P < 0.05. 

The R statistical software was used for all data 
visualization, estimations and hypothesis testing 
(R  Core Team, 2022). The ’lme4’ (Bates et  al., 
2015) and ’emmeans’ packages (Russell, 2022) 
were used for fitting linear mixed models and 
multiple comparisons. 

Results

Regarding the microclimate data in the barns, 
temperature and THI were higher in summer than 
spring on all farms. At the same time, the THI values 
did not differ between the farms in spring or summer 
(Table 3).

Table 2 shows the data of the animals enrolled 
in the study (lactation number, lactation days and 
rectal temperature). In the DRY group, rectal tem-
peratures were higher in all breeds during heat 
stress. Average rectal temperatures were higher 
at peak lactation in Jersey and Simmental than in 
Holstein-Friesian.

Milk yield of Holstein-Friesian cows decreased 
significantly during heat stress in PEAK, while such 
a  decrease was not observed in Jersey and Sim-
mental cows (Table 4). Milk yield was unchanged 
in the LOW groups in all breeds when comparing 
heat stress and spring period. Fat content in milk 
of Simmental cows was lower in PEAK under heat 

Table 3. Temperature, relative humidity and temperature-humidity index (THI) at the time of samplings on different farms

Period Average temperature, °C Average relative humidity, RH% Average, THI
HF Jersey HS HF Jersey HS HF Jersey HS

Spring   8.8 14.9 10.7 74.1 59.7 45.9 43.9 51.8 43.1
Summer 27.4 24.1 24.9 61.9 74.4 69.3 72.1 70.0 70.1
HF – Holstein-Friesian, HS – Hungarian Simmental
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stress than in spring. In Jersey, milk fat was higher 
in both groups compared to Holstein-Friesian and 
Simmental, also in spring and summer. Milk protein 
content was lower in the case of Holstein-Friesian 
under heat stress also in PEAK and LOW compared 
to that during spring. In Jersey, milk protein con-
tent was higher in both PEAK and LOW than in the 
other breeds in all season. 

There were no differences in plasma HSP70 
concentrations between the breeds during spring. At 
the same time, HSP70 level was lower in Holstein-
Friesian cows under heat stress both in PEAK 
and LOW than in the other two breeds (Table  5).  

There was no difference between the Jersey and 
Simmental breeds regarding plasma HSP70 levels 
during heat stress. HSP content in saliva of the 
Holstein-Friesian breed was lower in DRY, and 
tended to be lower in PEAK and LOW under heat 
stress conditions compared to spring. Saliva HSP 
concentration was lower in Holstein-Friesian and 
Jersey under heat stress in all groups compared 
to Simmental. There were no differences in saliva 
HSP70 concentrations between the Jersey and 
Holstein-Friesian breeds under heat stress conditions. 

Table 6 presents selected metabolic parameters 
(glucose, BHB, NEFA and urea) and insulin con-
centration in plasma samples of cows. Under heat 
stress, higher insulin levels were observed both in 
the PEAK and LOW groups of all breeds. Plasma 
glucose concentration was lower in Holstein- 
Friesian in the DRY group under heat stress, while 
in PEAK, it was lower in Jersey. Plasma glucose 
concentration was lower in the DRY group and 
higher in the PEAK group under heat stress in 
case of Hungarian Simmental. Plasma BHB level 
was higher in the PEAK group under heat stress 
in Simmental breed. We did not find differences 

in plasma BHB concentrations in any other group. 
Plasma NEFA levels in Jersey were higher in the 
DRY group during heat stress, while there was no 
difference in plasma NEFA concentrations in other 
breeds. Plasma urea concentrations in Holstein-
Friesian were lower in all groups under heat stress, 
while they were elevated in Jersey in all groups 
under heat stress compared to spring conditions. 
There were no differences in urea concentrations 
between the thermoneutral period and heat stress in 
any of the Simmental groups.

Table 5. Changes in plasma and salivary HSP70 concentrations

Item Group
HF Jersey HS
spring summer spring summer spring summer

Plasma HSP70, ng/ml DRY   7.6 ± 2.0   5.1 ± 1.11 15.3 ± 1.7 19.8 ± 1.92 13.4 ± 1.2 16.3 ± 3.02

PEAK 10.0 ± 0.7a   4.1 ± 0.6b1 20.3 ± 2.3 19.1 ± 1.62 17.4 ± 1.9 12.1 ± 1.72

LOW 14.8 ± 1.8a   4.1 ± 0.6b1 17.6 ± 2.2 15.9 ± 2.32 16.5 ± 0.9 17.5 ± 4.12

Saliva HSP70, ng/ml DRY 36.3 ± 3.8a   8.9 ± 1.7b1 19.1 ± 3.7 13.4 ± 3.91 47.7 ± 10.3 37.9 ± 5.82

PEAK 18.1 ± 2.8   9.6 ± 2.41 18.6 ± 3.9a   3.5 ± 0.4b1 39.8 ± 10.7 54.6 ± 9.92

LOW 29.5 ± 2.8 19.7 ± 4.71 13.8 ± 3.7 10.8 ± 7.21 45.2 ± 10.0 58.0 ± 12.42

HF – Holstein Friesian, HS – Hungarian Simmental, DRY – pre-lactating cows maximum two weeks prior to the expected calving, PEAK – cows 
at peak lactation, LOW – low yielding cows at the end of lactation, HSP70 – 70 kDa heat shock protein; ab superscript letters indicate a significant 
difference between thermoneutral and heat stress periods within a breed and a given production group (P < 0.05); 1,2 superscript numbers indicate 
significant differences between breeds in the heat stress period in a given production group (P < 0.05); data are presented as mean value ± SE

Table 4. Milk yield and milk ingredients of cows in the study

Period Group
Milk yield, l/day Milk fat, % Milk protein, %
HF Jersey HS HF Jersey HS HF Jersey HS

Spring DRY – – – – – – – – –
PEAK 36.8 ± 3.7a 23.5 ± 4.3 29.0 ± 3.5 4.1 ± 0.22 5.7 ± 0.31 4.0 ± 0.2a2 3.3 ± 0.1a1 4.0 ± 0.12 3.2 ± 0.11

LOW 19.6 ± 3.2 18.8 ± 4.3 12.6 ± 3.5 4.4 ± 0.22 5.5 ± 0.41 4.1 ± 0.22 3.6 ± 0.1a1 4.0 ± 0.12 3.4 ± 0.11

Summer DRY – – – – – – – – –
PEAK 27.6 ± 3.1b 25.6 ± 4.6 29.3 ± 3.0 4.1 ± 0.22 5.2 ± 0.21 3.1 ± 0.3b2 3.1 ± 0.1b1 4.1 ± 0.12 3.3 ± 0.11

LOW 19.9 ± 4.2 12.3 ± 4.6 19.0 ± 7.5 4.5 ± 0.22 5.4 ± 0.21 4.2 ± 0.12 3.4 ± 0.1b1 4.0 ± 0.12 3.5 ± 0.11

HF – Holstein Friesian, HS – Hungarian Simmental, DRY – pre-lactating cows maximum two weeks prior to the expected calving, PEAK – cows 
at peak lactation, LOW – low yielding cows at the end of lactation; data are presented as mean value ± SE; ab superscript letters in the upper case  
indicate a significant difference between thermoneutral and heat stress periods within a breed in a given production group (P < 0.05), 1,2 superscript 
numbers indicate significant differences between breeds in a given production group in thermoneutral and heat stress periods (P < 0.05)
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Discussion

Temperature and THI values were higher in 
summer than in spring, as expected. Summer sam-
plings were performed during a long period of hot 
weather. The temperature, humidity and THI values 
in Table 1 refer to the averages of the recording pe-
riod of 7  days prior to sampling. The THI values 
indicated no heat stress in spring but significant heat 
stress in summer. Reiczigel et  al. (2009) showed 
that the formula we used to calculate THI was a reli-
able indicator of heat stress with a threshold of 68 in 
Hungary. 

For rectal temperature, there are different 
thresholds described in the literature, depending 
on the degree of heat load, indicating the presence 
of heat stress, i.e. 38.8 °C provided by Allen et al. 
(2015) and 39.2  °C described by Polsky and von 
Keyserlingk (2017). Based on rectal temperatures, 
heat stress was detectable in pre-calving cows in our 
study. Dry and pre-calving cows are often housed 
in lower quality stalls compared to milk-yielding 
groups (the number and size of drinkers are gener-
ally inadequate, cooling is not as efficient, and the 
roof is not necessarily insulated). The difference in 
rectal temperatures highlights the importance of re-
ducing the heat load in pre-parturition cows (Dado-
Senn et al., 2020). The biological relevance of the 

difference in rectal temperature in the PEAK and 
LOW groups was questionable, mainly due to the 
fact that neither group showed significant uncom-
pensated heat load.

Milk yield and milk protein content decreased 
in Holstein-Friesian under heat stress compared to 
thermoneutral conditions, as previously reported 
(Silanikove et  al., 2009). Milk yield did not differ 
between summer and spring in the remaining two 
breeds. Other authors also showed decreased milk 
production in Holstein-Friesians compared to Jersey 
(Smith et  al., 2013) or Simmental (Gantner et  al., 
2017b) cows during heat stress. In the study of Smith 
et al. (2013), milk fat content increased in Holsteins, 
milk protein content decreased in both Holsteins and 
Jerseys, although it was only 0.1%. We only found 
a  reduced milk fat content in Simmentals during 
heat stress. 

Despite reduced dry matter intake, basal insu-
lin concentration and insulin sensitivity have been 
shown to increase in cows exposed to heat stress 
(Itoh et al., 1998; Wheelock et al., 2010); however, 
the causes of increased insulin production are not 
well known. Possible explanations could be high pro-
lactin levels, adiponectin production, the action of 
heat shock proteins (Collier et al., 2006), and the ef-
fect of endotoxins absorbed into the bloodstream due 
to the leaky gut phenomenon (Rhoads et  al., 2009; 

Table 6. Changes in some metabolic indices and the insulin concentrations in the blood plasma of animals in the study

Item Group
HF Jersey HS
spring summer spring summer spring summer

Glucose, mmol/l DRY 4.0 ± 0.2a 3.3 ± 0.1b 4.1 ± 0.1 3.9 ± 0.2 4.0 ± 0.3a 3.2 ± 0.2 b

PEAK 3.5 ± 0.1 3.7 ± 0.1 4.2 ± 0.1a 3.5 ± 0.1b 2.3 ± 0.2a 3.6 ± 0.1b

LOW 4.0 ± 0.1 3.7 ± 0.1 3.9 ± 0.1 3.6 ± 0.1 3.0 ± 0.3 3.4 ± 0.2
Insulin, μIU/ml DRY 4.1 ± 1.9 5.3 ± 1.5 6.7 ± 0.9 4.2 ± 1.0 4.7 ± 0.9 3.3 ± 0.4

PEAK 4.2 ± 0.5a 6.5 ± 1.9b 4.2 ± 0.4a 7.4 ± 1.4b 4.6 ± 1.2a 7.5 ± 1.7b

LOW 3.7 ± 0.4a 5.5 ± 0.9b 4.3 ± 0.5a 8.8 ± 2.3b 5.6 ± 1.2a 6.9 ± 0.8b

BHB, mmol/l DRY 0.4 ± 0.1 0.5 ± 0.1 0.9 ± 0.1 0.7 ± 0.1 0.3 ± 0.1 0.5 ± 0.1
PEAK 0.7 ± 0.1 0.5 ± 0.1 0.9 ± 0.1 1.0 ± 0.1 0.5 ± 0.1a 0.9 ± 0.1b

LOW 0.6 ± 0.1 0.6 ± 0.1 0.7 ± 0.1 0.7 ± 0.1 0.6 ± 0.1 0.8 ± 0.1
NEFA, mmol/l DRY 0.04 ± 0.01 0.03 ± 0.01 0.04 ± 0.01a 0.10 ± 0.04b 0.12 ± 0.04 0.08 ± 0.01

PEAK 0.04 ± 0.01 0.04 ± 0.01 0.04 ± 0.01 0.04 ± 0.01 0.03 ± 0.01 0.02 ± 0.01
LOW 0.04 ± 0.01 0.04 ± 0.01 0.06 ± 0.01 0.05 ± 0.01 0.03 ± 0.01 0.03 ± 0.01

Urea, mmol/l DRY 4.5 ± 0.3a 3.9 ± 0.4b 5.7 ± 0.3a 6.3 ± 0.4b 4.7 ± 0.4 4.8 ± 0.3
PEAK 5.2 ± 0.3a 3.7 ± 0.3b 4.5 ± 0.1a 6.0 ± 0.2b 6.3 ± 0.4 6.7 ± 0.3
LOW 4.6 ± 0.1a 4.2 ± 0.3b 3.7 ± 0.2a 5.0 ± 0.2b 5.6 ± 0.3 5.9 ± 0.4

HF – Holstein Friesian, HS – Hungarian Simmental, DRY – pre-lactating cows maximum two weeks prior to the expected calving, PEAK – cows 
at peak lactation, LOW – low yielding cows at the end of lactation, BHB – beta-hydroxybutyrate, NEFA – non-esterified fatty acids; ab superscript 
letters in the upper case indicate a significant difference between thermoneutral and heat stress periods within a breed in a given production 
group (P < 0.05); data are presented as mean value ± SEM
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Kvidera et al., 2017). Elevated insulin concentrations 
determine the primary, preferred source of energy for 
tissues. Some studies considered this to be a specific 
adaptation to severe heat stress, as using glucose as 
an energy source produces less heat (15.6 kJ/g) than 
fats (39.3 kJ/g) or proteins (16.7 kJ/g) during oxida-
tion (Min et al., 2017). Since the phenomenon of in-
creased insulin production due to heat stress has been 
observed in other animal species and even in lower 
organisms, it can be considered an ancient survival 
mechanism (Rhoads et al., 2013). In our study, ris-
ing plasma insulin concentrations indicated that all 
three breeds adapted to heat stress during milk pro-
duction (Wheelock et  al., 2010; Baumgard et  al., 
2011). Holstein-Friesians had the lowest concentra-
tions of HSP70 for cell protection during heat stress 
in both plasma and saliva. We found no differences 
in plasma HSP70 concentrations between Jersey and 
Simmental cows, although saliva HSP70 levels were 
the highest in Simmental cows. Gaughan et al. (2013) 
found that inducible plasma HSP70 concentrations 
increased in chronic heat stress in Black Angus 
steers. Heat shock proteins are mainly intracellular 
(Kregel, 2002); however, several studies have also 
found extracellular HSPs under stressful conditions 
(Kristensen et al., 2004; Johnson et al., 2005; Aneja 
et  al., 2006). Earlier studies demonstrated that heat 
stress tended to increase plasma or serum HSP lev-
els (Gaughan et al., 2013; Shilja et al., 2016; Baek 
et al., 2019; Kumar et al., 2020). Decreasing plasma 
HSP70 levels during heat stress in Holstein-Friesian 
cows observed in our study is difficult to explain. 
The expression of HSPs has been shown to change 
during pregnancy (Yániz et al., 2009), after calving 
(Catalani et al., 2010) or with age (Kristensen et al., 
2004). The cows in our study were similar in age and 
pregnancy status in the DRY, PEAK or LOW groups 
among breeds and seasons (Table 2). Gaughan et al. 
(2013) showed that HSP concentrations increased un-
der heat stress, and a decrease occurred after reaching 
the peak concentration during a long (110 days) heat 
stress. Nevertheless, these decreased concentrations 
were higher than the baseline values. 

An earlier study has shown that saliva is a pos-
sible medium for measuring HSP70 concentrations 
(Lamy et al., 2017). According to our results, the in-
dividual variability in saliva HSP70 levels was very 
high. It was weakly correlated or not correlated at all 
with other heat stress indices (rectal temperature or 
THI), indicating that salivary HSP70 was not the best 
indicator of heat stress. Interestingly, several other 
stress factors (e.g. osmolality changes, poisonings, 
virus infections, hypoxia, free radical load, UV light) 

have been demonstrated to initiate the production of 
heat shock proteins to protect the cells (Kregel et al., 
2002; Molvarec et al., 2009). However, the produc-
tion of 70  kDa HSP70 was proved to be the most 
significant under heat stress conditions among HSPs 
(Kiang and Tsokos, 1998). 

When assessing metabolic parameters, a  limit-
ation of the study should be noted, namely the animals 
did not consume the same feed, and we were unable 
to control TMR quality or feed intake. Our aim was 
to capture possible metabolic changes reported in the 
literature (Bakony et  al., 2019) in farm conditions. 
Plasma glucose concentration was lower in the DRY 
group in the Holstein-Friesian and Simmental breeds. 
The rate of decline was similar to that reported in the 
literature (Wheelock et al., 2010); however, it could 
be related to a  decrease in appetite and not milk 
production. Rectal temperature was significantly 
higher in the DRY group in all three breeds. The 
animals were subjected to heat stress, which could 
reduce appetite. Blood BHB levels were higher 
in Simmental alone in the PEAK group and were 
within the physiological threshold (1.2  mmol/l) in 
spring and summer. The Jersey breed had the highest 
concentration of BHB, but this occurred in the PEAK 
group regardless of heat stress. In Holstein-Friesians, 
BHB was within the physiological range in the tested 
cows. Plasma NEFA concentrations were within 
the physiological range (0.2 mmol/l) in all animals 
tested. Higher NEFA levels were recorded only in the 
Jersey DRY group under heat stress. Nevertheless, 
the biological significance of this difference was 
questionable. Garner et  al. (2017) showed elevated 
plasma NEFA and urea levels under heat stress, 
while other authors reported decreased plasma NEFA 
concentrations (Wheelock et al., 2010). Plasma urea 
levels in Holstein-Friesians were lower under heat 
stress in all groups in our study; they were higher in 
Jersey and unchanged in Simmental cows. Increased 
breakdown of muscle proteins (glycoplastic amino 
acids) could partly contribute to glucose formation, 
which was suggested by an increase in plasma urea 
concentration during heat stress (Shwartz et  al., 
2009). The trend that best matched the literature 
was detectable in the Jersey breed. The utilisation 
of amino acids from muscle proteins decreases 
their sources for the synthesis of milk protein, and 
thus milk protein content may be lower under heat 
stress (Shwartz et  al., 2009), which was observed 
in Holstein-Friesians in our study. Since BHB 
levels were the highest in this breed, we assumed 
that elevated urea concentrations were caused by 
a relative protein surplus in the rumen.
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Regarding metabolic parameters, we can con-
clude that the results from well-controlled experi-
ments are unlikely to be reproduced under commer-
cial farm conditions. The value of metabolic indices 
may depend more on the type of nutrition than on 
the presence of heat stress.

Other scientists have shown differences in heat 
tolerance of some cattle breeds (Maróti-Agóts et al., 
2011). High-yielding breeds (e.g. Holstein-Friesian) 
are more susceptible to heat stress than lower-yield-
ing breeds (e.g. Simmental type) (Gantner et  al., 
2017b), possibly due to a lower energy metabolism 
with lower milk production. 

Conclusions 
Based on our results, Holstein-Friesian seemed 

to be the most sensitive to heat stress among the 
three breeds studied. In this breed, milk production 
and milk protein content decreased during the sum-
mer heat, and it also had the lowest HSP70 concen-
tration for cell protection during heat stress in both 
plasma and saliva. Our results highlight the possible 
importance of Hungarian Simmental and Jersey 
cows in the context of climate change and the need 
to intensively protect Holstein-Friesian cows from 
heat stress using effective cooling techniques.
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