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SUMMARY

Heat stress in dairy cows represents one of the most significant challenges within the agricultural 
sector, particularly in dairy farming. Numerous studies have investigated its impact on blood 
parameters and overall body metabolism, yet the findings remain highly contradictory. Some research 
indicates that heat stress leads to elevated levels of blood markers such as alanine aminotransferase 
(ALT), aspartate aminotransferase (AST), β-hydroxybutyrate (BHB), and urea, while other studies 
report conflicting results, highlighting a lack of consistent patterns. The primary objective of this 
study is to synthesise and critically evaluate the effects of heat stress on selected blood parameters 
in dairy cows, with a focus on the robustness of existing studies. The inconsistencies in the literature 
emphasise the need for further research applying larger sample sizes and more rigorous experimental 
designs. It is imperative that future studies consider key influencing factors such as photoperiod, 
feeding regimens, and the timing of sample collection, as these variables can significantly affect 
outcomes. By addressing these limitations, researchers can contribute to a deeper understanding 
of how heat stress impacts blood parameters in dairy cows. Such insights are crucial for developing 
evidence-based strategies to mitigate the adverse effects of heat stress, ultimately improving the 
welfare and productivity of dairy herds.
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ÖSSZEFOGLALÁS

A tejtermelő teheneket érintő hőstressz az egyik legjelentősebb kihívás a mezőgazdaságban, külö-
nösen a tejtermelésben. Számos tanulmány vizsgálta a vérparaméterekre és a szervezet általános 
anyagcseréjére gyakorolt hatását, de az eredmények továbbra is erősen ellentmondásosak. Egyes 
kutatások azt mutatják, hogy a hőstressz a vérparaméterek, például az alanin-aminotranszferáz 
(ALT), aszpartát-aminotranszferáz (AST), β-hidroxi-butirát (BHB) és a karbamid megemelkedett 
szintjéhez vezet, míg más tanulmányok ellentmondó eredményekről számolnak be, rámutatva az 
egységes minták hiányára. Ennek a tanulmánynak az elsődleges célja, hogy összefoglalja és kriti-
kusan értékelje a hőstressz hatását a tejtermelő tehenek kiválasztott vérparamétereire, a meglévő 
vizsgálatok megbízhatóságára összpontosítva. A szakirodalomban tapasztalható ellentmondások 
hangsúlyozzák a további kutatások szükségességét, nagyobb mintaméreteket és szigorúbb kí-
sérleti terveket alkalmazva. Elengedhetetlen, hogy a jövőbeni tanulmányok figyelembe vegyék 
az olyan kulcsfontosságú befolyásoló tényezőket, mint a fotoperiódus, a takarmányozási rend 
és a mintagyűjtés időpontja, mivel ezek a változók jelentősen befolyásolhatják az eredményeket.  
E korlátok kezelésével a kutatók hozzájárulhatnak annak mélyebb megértéséhez, hogy a hőstressz 
hogyan befolyásolja a tejtermelő tehenek vérparamétereit. Ezek a felismerések kulcsfontosságúak 
a hőstressz káros hatásainak enyhítésére irányuló, bizonyítékokon irányuló stratégiák kidolgozásá-
hoz, ami végső soron a tejtermelő állományok jólétének és termelékenységének javításához vezet.

Kulcsszavak: BHB, vérparaméterek, tejtermelő tehenek, hőstressz, karbamid



ÁLLATTENYÉSZTÉS ÉS TAKARMÁNYOZÁS, 2025. 74. 1. 63

1. Introduction

Global temperatures have experienced a 1.0°C increase since the 19th century. 
Furthermore, projections indicate that temperatures will continue to rise, with 
a predicted increase of 1.5°C between the years 2030 and 2052 (Pradhan et 
al, 2022). Heat stress, primarily caused by elevated ambient temperature and 
relative humidity can have an immediate impact on the productivity of farm 
animals (Bernabucci et al, 2010). As a result of the physiological and metabolic 
abnormalities caused by heat stress, dairy cows are prone to decreased 
reproductive and productive abilities, resulting in substantial financial losses for the 
dairy industry (West, 2003). When an animal experiences heat stress, it undergoes 
hyperthermia, which results in a reduction of its capacity for reproduction and 
growth to maintain thermal balance. In order for physiological processes and 
biochemical reactions to function optimally, it is crucial for animals to regulate 
their internal body temperature within the normal range (Shearer and Beede, 
1990). For the body to remain in a state of physiological balance, blood is an 
essential indicator of any changes in metabolism (Geneser, 1985). The fluctuation 
of the components in blood is impacted by various factors that either impede 
or enhance the circulatory system (Radkowska and Herbut, 2014). Blood serves 
as the crucial component in preserving the physiological stability of the body 
(homeostasis), while hematological indicators are regarded as the key factor in 
showing an animal’s ability to adapt to its environment and, as a result, its welfare 
(Anderson et al, 1999; Sattar and Mirza, 2009). Biochemical tests, on the other 
hand, provide insight into the internal state of the body, the functioning of various 
organs, including the kidneys and liver, and the progression of metabolic changes 
that occur within the body (Scamell, 2006). However, certain physiological and 
pathological situations have the potential to upset this homeostasis. As changes in 
biochemical and hematopoietic components are crucial indications of an animal’s 
healthy or pathological status (Ahmad et al, 2003). The haematological values can 
be used to diagnose a variety of pathological and metabolic conditions that can 
negatively impact a cow’s ability to reproduce and produce milk, costing dairy 
farmers significant amounts of money (Dutta et al, 1988; Pyne and Maitra, 1981). 
Confirmed by Ahmad et al (2003) as a change in biochemical and hematopoietic 
components are crucial indications of an animal’s healthy or pathological status. 
However, numerous studies have investigated the impact of heat stress on blood 
parameters, yet the findings have often been inconsistent and contradictory. For 
example, studies on ALT levels have reported varying results, with some showing 
an increase Srikandakumar and Johnson (2004) and others indicating no changes 
Hooda and Singh (2010) under heat stress conditions. Similarly, research on 
BHB levels has revealed contrasting outcomes, with Ronchi et al (1999) and 
Cartwright et al (2023) documenting divergent responses to heat stress. These 
discrepancies highlight the complexity of physiological responses to heat stress 
and suggest that multiple factors, including species, breed, individual variability, 
and experimental conditions, may influence these outcomes. Given the wealth 
of research in this area, it is essential to synthesise existing findings to better 
understand the relationship between heat stress and blood parameters. Therefore, 
the primary objective of this study is to summarise and critically analyse the effects 
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of heat stress on selected blood parameters published different authors in the 
literature. This approach aims to identify patterns, address inconsistencies, and 
provide a comprehensive overview of how heat stress influences metabolic and 
physiological processes as reflected in blood markers.

2. Blood biochemical parameters, blood tests

Heat stress has consistently posed a significant challenge for dairy cows, 
affecting their productivity, health, and overall well-being. In our research, an 
extensive analysis of studies was conducted examining the impact of heat stress 
on blood parameters. This investigation utilised the Web of Science database and 
applied Boolean operators, specifically the “AND” operator, to refine our search 
and focus on studies linking heat stress and blood parameters. As a result, a 
total of 99,951 publications were identified, including both research articles and 
review papers, with the earliest studies dating back to 1975. This comprehensive 
exploration highlights the growing body of literature on the subject, reflecting the 
increasing awareness of the detrimental effects of heat stress on dairy cattle. The 
number of studies has steadily increased over the years until 2024, reflecting the 
growing interest in climate change and the increase in global average temperatures 
over the years (Figure 1).

The focus on blood parameters is crucial because numerous physiological 
processes are regulated by blood biochemical components. Deficiencies or 
imbalances in these parameters can lead to impaired physiological functions 
and reduced performance, ultimately resulting in structural and systemic health 
issues (McDowell, 2003). The blood indicators that may indicate the nutrient 
state of the cow, include glucose, fructosamine, insulin, non-esterified fatty acid 
(NEFA), β-hydroxybutyric acid (BHBA), and cholesterol, as well as enzymes and 

Figure 1. The publication trend on the topic “heat stress and blood parameters” in dairy cows

1. ábra: Tudományos cikkek tendenciája a „hőstressz és vérparaméterek” témában tejelő teheneknél
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proteins that disclose liver function (Stengärde et al, 2008). The levels of certain 
substances in the blood of cattle can provide insight into the animal’s energy and 
protein metabolism as well as the functioning of certain organs especially when 
the cows are in negative energy balance caused by stressful factors such the 
heat stress (El-Nouty et al, 1990). Beta-hydroxybutyric acid, free fatty acids and 
glucose are markers of energy metabolism. Meanwhile, the presence of urea, total 
protein, and albumin reflects protein metabolism. To assess liver health, indicators 
such as aspartate aminotransferase (AST), alanine aminotransferase (ALT), 
gamma-glutamyl transferase, total lipids (TL), triglycerides (TG), and glycogen 
and total bilirubin concentration are used (Douglas et al, 2007; Petit et al, 2007; 
Stojević et al, 2005). The kidney function is evaluated by measuring creatinine 
levels (Stojević et al, 2005). According to several studies, BHBA and the enzymes 
AST and ALT are among the most accurate markers of metabolic stress in blood 
serum (Mordak and Nicpoń, 2006; Van Den Top et al, 1995). However, research 
findings on the effects of heat stress on these markers are highly contradictory.

3. AST and ALT

The blood test, which evaluates liver function or liver damage, is one of the 
most popular blood tests. A straightforward blood test indicating liver functions 
measures the quantity of specific enzymes, which control key chemical reactions 
in the body. The aminotransferases are among the more used and most sensitive 
liver enzymes. Mainly are alanine aminotransferase (ALT or SGPT) and aspartate 
aminotransferase (AST or SGOT) (Gaina et al, 2020). These enzymes catalyse 
the transition of an amino radical from an amino acid to a keto acid. They are 
broadly distributed in animal tissues and are present in trace activities in all 
animals’ serum as a result of regular tissue breakdown and subsequent enzyme 
release. Since these enzymes largely act within cells, a rise in their level in the 
serum frequently signifies cellular damage (Coles, 1967). In case of subclinical 
liver damage, increased AST activity in the serum is a sensitive indicator of liver 
injury (Meyer and Harvey, 1998). The normal range of AST and ALT levels in the 
blood of various species has been the subject of several studies According to 
(Gaina et al, 2020) standard level of AST in cows is 60-125 U/l and ALT is 6.9-35 
U/l. Another study by Whitaker et al (2005) mentioned that for cows the reference 
blood activities of AST range from 58–100 U/dm3, meanwhile for ALT range from 
25 to 74 U/dm3. Despite AST is a prevalent enzyme found in several tissues and 
organs, exhibiting notably elevated activity in the liver, and heightened blood AST 
activity serves as a marker for liver impairment (Cincović et al, 2011; Zimmerman 
et al, 1968). Several factors may affect the activities of AST and ALT in the blood 
of dairy cows. The study by El-Ghoul et al (2000) revealed that the AST activity 
significantly increases during the final week of pregnancy compared to the 
first week following birth. Conversely, during the seventh and eighth months of 
pregnancy and at the start of lactation, the activity of the ALT enzyme dramatically 
decreases, while that of the AST may fluctuate irregularly (Tainturier et al, 1984). 
The findings of Stojević et al (2005) indicate that milk production and the dry 
period significantly impact the levels of AST and ALT activities in the blood. 
Their study showed that the level of AST activity was higher at early lactation, 
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decreased until reaching its lowest level during the dry period, while the level 
of ALT activity was higher in the middle of lactation and was also at its lowest 
during the dry period. This changing pattern of AST and ALT activities during 
lactation was explained by Sakowski et al (2012) as being linked to liver injury, 
which is typically caused by a poor energy balance during early lactation stages 
and intensifying protein-focused metabolic alterations, respectively. It is widely 
recognized that a variety of internal and external factors, including the animal’s 
age, nutrition, season, management, and sex, can alter the normal range of 
these liver enzymes (Doornenbal et al, 1988; Hawley and Peden, 1982; Quintela 
et al, 2011; Tibbo et al, 2008). According to Radkowska and Herbut (2014), the 
system of cattle management may have an impact on the levels of AST and ALT 
in the blood. The study found that cows kept in pasture exhibited elevated levels 
of AST and ALT in comparison to those housed in barns. The authors attributed 
this difference to the higher content of nitrogen compounds in pasture forage, 
which may affect the liver’s ability to process nitrogen, leading to increased serum 
levels of the AST and ALT enzymes in these cows. Heat-stressed cows may have 
a higher susceptibility to fatty liver disease due to compromised ATP synthesis, 
alterations in gluconeogenesis precursor availability, elevated oxidative stress, 
and an accumulation of hepatic lipids in the liver (Skibiel et al, 2018). Berian et 
al (2019) reported that heat stress significantly increases AST and cholesterol 
levels in the blood of cows, while ALT levels remain unaffected. These findings 
align with previous research. For example, Hooda and Singh (2010) observed 
an increase in AST levels with no changes in ALT when cows were exposed to a 
chamber temperature of 40°C. Similarly, Mohapatra et al (2021) and Garcia et al 
(2015) found elevated AST activities in heat-stressed cows, with no effect on ALT. 
In the case of ruminants, the liver cells do not exhibit high levels of ALT activity in 
contrast to AST, and the high level of ALT following liver injury, such as necrosis, 
is negligible as noted by Forenbacher (1993). However, contrasting results have 
been reported in some studies, where significant increases in both AST and ALT 
activities were observed under heat stress conditions. This was noted in the work 
of Singh et al (2012), Kamal et al (1989) and Yadav et al (2016). Furthermore Kim et 
al (2022), mention that the calves under heat stress show a high level of cortisol in 
their blood with increasing AST, and ALT levels of activities, where they are used 
as markers for liver-damaging (Panteghini, 1990). It is also important to note that 
many of these studies relied on relatively small sample sizes, which could influence 
the reliability of their findings. For example, Mohapatra et al (2021) included 24 
animals per group in their study, Singh et al (2012) analysed only 6 animals per 
group, and Kamal et al (1989) examined just 8 animals. These limited sample sizes 
may reduce the statistical power of the results, highlighting the need for larger-
scale studies to validate these findings and establish more robust conclusions. 
In other studies where they focused on seasonal effect and taking summer as 
heat stress period, Marai et al (1995) showed a seasonal variation in the function 
of the liver as the activities of AST and ALT were higher in summer. Garcia et al 
(2015) studied the relationship between heat stress and blood parameters, they 
found as a result the heat-stressed cows had higher levels of cholesterol, glucose, 
albumin, and total protein and higher AST activity compared to thermoneutral 
cows. Contrary, Alameen and Abdelatif (2012) found a decrease in the activities 
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of AST in the blood of crossbreed dairy cows in summer compared to winter 
and the activity of ALT was higher in winter. In the study by Srikandakumar and 
Johnson (2004), the authors conducted a systematic investigation into the impact 
of heat stress on the blood parameters of three distinct bovine breeds, Holstein, 
Jersey and Australian Milking Zebu. The authors measured the subjects’ blood 
parameters during both winter and summer months to account for the possible 
influence of seasonal variations on their findings. The results show a decrease 
in the level of AST observed in all three breeds under heat stress conditions. In 
summary, the majority of research confirms an increase in AST activity under 
heat stress conditions, while results for ALT remain highly contradictory. However, 
previous studies have not considered the potential effect of photoperiod, which 
may significantly influence enzyme and hormone activities in the body. This 
oversight raises concerns about the accuracy of studies conducted across different 
seasons. Although photoperiod and heat stress are closely related, accounting 
for photoperiod in research could help distinguish the specific effects of heat 
stress. Given the high number of conflicting results, a study with a larger sample 
size that accounts for the influence of photoperiod is essential to obtain more 
reliable and conclusive findings.

4. β-hydroxybutyrate (BHB)

The β-hydroxybutyrate (BHB) is a crucial component of the primary ketone 
bodies found in dairy cows, accounting for approximately 70% of the total volume 
of ketone bodies present in this compound (Guliński, 2021). The BHB levels serve 
as an indicator of metabolic disturbances such as ketosis and fatty liver (Song 
et al, 2016). The increase in BHB in the blood is caused by the cow’s inability to 
adapt to negative energy balance (NEB) and declining the metabolic sources 
of glycogenotic substances, which results in excessive mobilization of adipose 
reserves and the release of abnormal amounts of non-esterified fatty acids (NEFA) 
and ketone bodies, including BHB, into the bloodstream (Benedet et al, 2019). 
The primary source of BHB is the ketogenesis process, as well as the action of 
butyrate-producing bacteria in the rumen (Puppel et al, 2019). However, BHB is 
only partially metabolized in the liver of dairy cows, leading to an accumulation 
of BHB in the blood and liver, resulting in hyperketonemia (Song et al, 2016). The 
BHB and NEFA are two key diagnostic markers of ketosis, with normal BHB levels 
in healthy cows being below 1.2 mmol/L, elevated levels, exceeding 1.2 or even 
1.5 mmol/L, may indicate the presence of clinical or subclinical disease (Iwersen 
et al, 2013). The increased concentration of BHB in the blood has a detrimental 
effect on the cow’s immune system, overall health, and milk supply (McArt et al, 
2013). Mečionytė et al (2022) investigated the impact of elevated BHB levels on 
cow performance and found that an increase in BHB concentration was associated 
with a delay in the first insemination day and an increase in the insemination rate. 
The results of recent studies have demonstrated that dairy cows subjected to a 
prolonged BHB infusion experienced modifications to both systemic and local 
mammary metabolism as well as an impact on the immunological response of 
the mammary gland (Zarrin et al, 2013). Furthermore, this BHB infusion resulted 
in a decrease in the concentrations of plasma glucose and glucagon (Zarrin, 
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2014). According to Compton et al (2015), the cows whose BHB levels exceeded 
1.2 mmol/L within the first five days post-partum were at a 2.5 times greater risk 
of developing a uterine infection by the first month after calving. Additionally, 
those cows that had BHB levels exceeding 1.2 mmol/L at any point during the 
first five weeks post-partum had a 7% lower pregnancy rate within the first six 
weeks of breeding. Several factors affect the level of BHB in the blood of cows 
as according to Rodriguez et al (2021) the highest concentrations of blood BHB 
post-partum have been found at 7 days after calving in cows with increased body 
condition score (BCS) loss during the late dry season and greater parity. The level 
of BHB in the blood can also be affected by a cow’s lactation stage. Cows that 
are in early lactation had higher levels of BHB compared to those in late lactation. 
Also, it increases over parities (Ranaraja et al, 2016). According to the research 
conducted by Dhiman et al (1991), it was established that there was a significant 
increase in the concentration of BHB in the blood during the initial four weeks of 
lactation. The increase was observed when the proportion of forage in the diet 
was raised from 38.2% to 98.2%. Further, the study conducted by Hutjens and 
Schultz (1971) also confirms that an increase in BHB concentration in the blood 
can be achieved by incorporating silages with high moisture content in the diet. 
These findings suggest that dietary modifications play a crucial role in determining 
the concentration of BHB in the blood. Focusing on the effect of the heat stress 
on the levels of BHB in dairy cows, Turk et al (2020) conducted a comparative 
study between two groups of cows; one group calved in the summer while the 
other group calved in autumn. The results of the study indicated that the autumn 
group had significantly higher levels of beta-hydroxybutyrate (BHB) in their blood. 
Additionally, Garcia et al (2015) conducted research to examine the levels of 
BHB in cows under both thermoneutral conditions and heat stress conditions. 
The findings of their study showed that there was no significant difference in the 
levels of BHB between the two conditions. Moreira et al (2015) concluded that heat 
stress does not significantly affect BHB levels in dairy cows, suggesting that the 
metabolic processes regulating BHB production and utilisation remain stable under 
environmental challenges. These findings are consistent with studies by Cartwright 
et al (2023), Stefanska et al (2024) and Ellett et al (2024), which highlighted the 
resilience of BHB levels under heat stress, reinforcing the idea that dairy cows 
may employ physiological mechanisms to maintain energy balance during periods 
of elevated temperatures. Collectively, this growing body of research indicates 
that BHB levels may not reliably reflect the impact of heat stress in dairy cows. 
In contrast, Ronchi et al (1999) observed elevated BHB levels in cattle subjected 
to heat stress, a finding corroborated by Belić et al (2011), who reported similar 
increases in cows exposed to high temperatures. They attributed these results 
to the fact that heat stress exacerbates NEB by reducing dry matter intake (DMI) 
while simultaneously increasing energy demands for milk production (West, 2003; 
Xu et al, 2015). When NEB becomes severe, fat mobilization intensifies, leading to 
elevated blood concentrations of (NEFA) and (BHB) (Liu et al, 2014). This metabolic 
imbalance increases the risk of ketosis and fatty liver disease, which can further 
compromise cow health and productivity. However, these contradictory results 
could stem from methodological limitations. For example, Ronchi et al (1999) 
studied only 16-month-old heifers, with five animals per group, while Belić et al 
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(2011) included just 12 cows in their experiment. In comparison, studies reporting 
no effect of heat stress on BHB levels generally employed larger sample sizes, 
lending greater reliability to their conclusions. Consequently, the evidence strongly 
suggests that heat stress does not have a substantial impact on BHB levels, with 
findings from well-designed studies supporting this conclusion, indicating that 
BHB levels may not serve as a reliable indicator of heat stress in dairy cows.

5. Blood urea nitrogen content

In the field of livestock production research, the measurement of blood urea 
nitrogen content in ruminants has become a conventional approach for evaluating 
the protein status of cattle (Hammond, 1983). According to Kaneko (2008) the 
reference values for urea concentration in the blood of cows is typically within the 
range of 1.11 to 1.67 mmol/L. According to Wheelock et al (2010), the production 
of plasma urea nitrogen can occur through two primary mechanisms: hepatic 
deamination of amino acids released from skeletal muscle, or an inadequate 
absorption of rumen ammonia into microbial protein. The increase in urea 
concentration in the blood can be a result of various physiological and pathological 
conditions such as acidosis, pregnancy toxaemia, urinary tract infections, diarrhoea, 
thirst, and dehydration (Igbokwe, 1993; Nauriyal and Baxi, 1978; Radostits et al, 
2007; Singh et al, 1992). As documented by Park et al (2010), the rise in blood 
urea nitrogen levels has the potential to augment the danger of lipidmobilization. 
Furthermore, elevated plasma urea concentrations signify increased liver ammonia 
detoxification (Law et al, 2009). There are several determinants that can influence 
the concentration of urea in the blood, including the degradation of rumen, the 
quantity and solubility of dietary carbohydrates, the degradation of muscle tissue, 
the renal and hepatic function, the quantity of amino acids in the diet, and the 
protein intake (Van Saun, 1997). The correlation between dietary intake and urea 
concentration has been established, and as observed in a study by Folman et 
al (1981), an increase in nitrogen in the diet of lactating dairy cows leads to a 
proportionate increase in blood urea nitrogen levels. However, consuming a diet 
that is excessively rich in protein (>16%) is not recommended as it may result in 
heightened excretion of urea and negatively impact energy balance, as noted 
in a study by (Van Saun, 1997). Multiple studies have indicated that heat stress 
significantly impacts the levels of urea in the blood of cows. For instance, Gao et 
al (2017) observed heightened blood urea nitrogen levels in multiparous cows 
exposed to heat stress. Similarly, Wheelock et al (2010) reported an increase 
in urea levels in a group of cows subjected to heat stress. Garner et al (2017) 
noted that short-term heat stress led to an increase in plasma non-esterified fatty 
acids (NEFA) and urea, findings that were also supported by Kim et al (2022) and 
Roths et al (2023). In contrast, Alameen and Abdelatif (2012) found decreased 
blood urea levels in crossbred dairy cows during summer compared to winter. 
Similarly, Srikandakumar and Johnson (2004) and Valencia et al (2024) reported a 
decrease in blood urea levels in cows under heat stress. However, these studies 
had small sample sizes and lacked information on the feed provided to the cows. 
In conclusion, studies that found heat stress increases blood urea nitrogen 
levels tend to have clearer methodologies compared to others. The increase 
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in blood urea nitrogen levels during heat stress can be explained, on the one 
hand, by dehydration caused by elevated temperature, which concentrates urea 
in the blood (Tshuma et al, 2023). On the other hand, heat stress often reduces 
rumen motility and microbial efficiency, impairing microbial protein synthesis 
and increasing ammonia absorption from the rumen (Fig. 2). This ammonia is 
then converted into urea in the liver (Baumgard and Rhoads, 2013; Cowley et al, 
2015; Zhao et al, 2019).

6. Conclusion

The relationship between heat stress and its impact on various blood parameters 
in dairy cows remains a subject of debate. The existing literature is inconsistent, 
with some studies suggesting that hot weather conditions can lead to increased 
levels of AST, ALT, BHB, and urea, while others report the opposite. Based on 
current findings, AST and urea appear to be negatively affected by heat stress 
and could potentially serve as indicators of heat stress in dairy cows. Conversely, 
evidence strongly suggests that heat stress does not have a significant impact 
on BHB levels. Findings from well-designed studies indicate that BHB levels may 
not be reliable indicators of heat stress in dairy cows. For ALT, however, further 
research is needed to draw clear conclusions. This disparity underscores the 
necessity for additional studies with larger sample sizes and robust study designs 
that account for critical factors such as photoperiod, feed, and sampling time, 
as these variables can influence results. Such efforts are essential to develop a 
more comprehensive understanding of the effects of heat stress fluctuations on 
these blood parameters.

Figure 2. Factors affecting blood urea nitrogen in cows

2. ábra: A tehenek vér karbamid-nitrogéntartalmát befolyásoló tényezők



ÁLLATTENYÉSZTÉS ÉS TAKARMÁNYOZÁS, 2025. 74. 1. 71

7. References

Ahmad, I. – Gohar, A. – Ahmad, N. – Ahmad, M. (2003): Haematological profile in cyclic, non-cyclic 
and endometritic cross-bred cattle. Int. J. Agric. Biol., 5. 332–334.

Alameen, A. O. – Abdelatif, A. M. (2012): Metabolic and endocrine responses of crossbred dairy 
cows in relation to pregnancy and season under tropical conditions. Am.-Eurasian J. Agric. 
Environ. Sci., 12. 1065–1074. https://doi.org/10.5829/idosi.aejaes.2012.12.08.6619

Anderson, B. H. – Watson, D. L. – Colditz, I. G. (1999): The effect of dexamethasone on some 
immunological parameters in cattle. Vet. Res. Commun., 23. 399–413. https://doi.
org/10.1023/A:1006365324335

Baumgard, L. H. – Rhoads Jr, R. P. (2013): Effects of heat stress on postabsorptive metabolism 
and energetics. Annu. Rev. Anim. Biosci.. 1. 311–337. https://doi.org/10.1146/annurev-
animal-031412-103644

Belić, B. – Cincović, M. R. – Popović-Vranješ, A. – Pejanović, R. – Krajinović, M. (2011): Metabolic 
changes and metabolite utilization in milk production in cows under heat stress. Mljekarstvo, 
61. 309–318.

Benedet, A. – Manuelian, C. L. – Zidi, A. – Penasa, M. – De Marchi, M. (2019): Invited review: 
β-hydroxybutyrate concentration in blood and milk and its associations with cow performance. 
Animal, 13. 1676–1689. https://doi.org/10.1017/S175173111900034X

Berian, S. – Gupta, S. K. – Sharma, S. – Ganai, I. – Dua, S. – Sharma, N. (2019): Effect of heat stress 
on physiological and hemato-biochemical profile of cross bred dairy cattle. J. Anim. Res., 
9. 95–101. https://doi.org/10.30954/2277-940X.01.2019.13

Bernabucci, U. – Lacetera, N. – Baumgard, L. H. – Rhoads, R. P. – Ronchi, B. – Nardone, A. (2010): 
Metabolic and hormonal acclimation to heat stress in domesticated ruminants. Animal, 4. 
1167–1183. https://doi.org/10.1017/S175173111000090X

Cartwright, S. L. – Schmied, J. – Karrow, N. – Mallard, B. A. (2023): Impact of heat stress on dairy 
cattle and selection strategies for thermotolerance: A review. Front. Vet. Sci., 10 1198697. 
https://doi.org/10.3389/fvets.2023.1198697

Cincović, M. R. – Belić, B. – Vidović, B. – Krčmar, L. J. (2011): Reference values and frequency 
distribution of metabolic parameters in cows during lactation and in pregnancy. Contemp. 
Agric., 60. 175 –182.

Coles, E. H. (1967): Veterinary clinical pathology. W. B. Saunders Company.
Compton, C. W. R – Young, L. – McDougall, S. (2015): Subclinical ketosis in post-partum dairy cows fed 

a predominantly pasture-based diet: defining cut-points for diagnosis using concentrations 
of beta-hydroxybutyrate in blood and determining prevalence. NZ Vet. J. 63. 241–248. https://
doi.org/10.1080/00480169.2014.999841

Cowley, F. C. – Barber, D. G. – Houlihan, A. V. – 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. 2356–2368. https://doi.org/10.3168/jds.2014-8442

Dhiman, T. R. – Kleinmans, J. – Tessmann, N. J. – Radloff, H. D. – Van Evert, P. – Satter, L. D. (1991): 
Effect of dietary forage: grain ratio on blood constituents in dairy cows. J. Dairy Sci., 74. 
2691–2695. https://doi.org/10.3168/jds.S0022-0302(91)78447-6

Douglas, G. N. – Rehage, J. – Beaulieu, A. D. – Bahaa, A. O. – Drackley, J. K. (2007): Prepartum nutrition 
alters fatty acid composition in plasma, adipose tissue, and liver lipids of periparturient dairy 
cows. J. Dairy Sci., 90. 2941–2959. https://doi.org/10.3168/jds.2006-225

Doornenbal, H. – Tong, A. K. – Murray, N. L. (1988): Reference values of blood parameters in beef 
cattle of different ages and stages of lactation. Can. J. Vet. Res. 52. 99.

Dutta, J. C. – Baruah, R. N. – Dutta, L. – Talukdar, S. C. (1988): Blood biochemical studies in anoestrous 
and normal cyclic cattle. Ind. Vet. J., 65. 239–241.



Baccouri et al: The effects of heat stress on some blood parameters72

El-Ghoul, W. – Hofmann, W. – Khamis, Y. – Hassanein, A. (2000): Beziehungen zwischen 
Klauenerkrankungen und peripartalen Zeitraum bei Milchrinden. Prakt. Tierarzt, 82. 862–868.

Ellett, M. D. – Rhoads, R. P. – Hanigan, M. D. – Corl, B. A. – Perez-Hernandez, G. – Parsons, C. L. M – 
Baumgard, L. H. – Daniels, K. M. (2024): Relationships between gastrointestinal permeability, 
heat stress, and milk production in lactating dairy cows. J. Dairy Sci., 107. 5190–5203. https://
doi.org/10.3168/jds.2023-24043

El-Nouty, F. D. – Al-Haidary, A. A. – Salah, M. S. (1990): Seasonal variation in hematological values 
of high-and average yielding Holstein cattle in semi-arid environment. J. King. Saud. Univ., 
2. 173–182.

Folman, Y. – Neumark, H. – Kaim, M. – Kaufmann, W. (1981): Performance, rumen and blood metabolites 
in high-yielding cows fed varying protein percents and protected soybean. J. Dairy Sci., 64. 
759–768. https://doi.org/10.3168/jds.S0022-0302(81)82645-8

Forenbacher, S. (1993): Clinical pathology of digestion and metabolism in domestic Animals. Vol. 
2.: Liver. Croatian Academy of Sciences and Arts, Zagreb.

Gaina, C. D. – Sanam, M. U. E. – Nalley, W. M. M. – Benu, I. – Saputra, A. (2020): Blood AST and ALT 
profile of Sumba Ongole cattle. ARSHI Vet. Let., 4 17–18. https://doi.org/10.29244/avl.4.1.17-18

Gao, S. T. – Guo, J. – Quan, S. Y. – Nan, X. M. – Fernandez, M. V. S. – Baumgard, L. H. – Bu, D. P. 
(2017): The effects of heat stress on protein metabolism in lactating Holstein cows. J. Dairy 
Sci., 100. 5040–5049. https://doi.org/10.3168/jds.2016-11913

Garcia, A. B. – Angeli, N. – Machado, L. – de Cardoso, F. C. – Gonzalez, F. (2015): Relationships 
between heat stress and metabolic and milk parameters in dairy cows in southern Brazil. 
Trop. Anim. Health Prod., 47. 889–894. https://doi.org/10.1007/s11250-015-0804-9

Garner, J. B. – Douglas, M. – Williams, S. R. O. – Wales, W. J. – Marett, L. C. – DiGiacomo, K. – Leury, 
B. J. – Hayes, B. J. (2017): Responses of dairy cows to short-term heat stress in controlled-
climate chambers. Anim. Prod. Sci., 57. 1233–1241. https://doi.org/10.1071/AN16472 

Geneser, F. (1985): Color atlas of histology, Munks- gaard (Lea and Febiger). Copenhagen.
Guliński, P. (2021): Ketone bodies - causes and effects of their increased presence in cows’ body 

fluids: A review. Vet. World, 14. 1492–1503. www.doi.org/10.14202/vetworld.2021.1492-1503
Hammond, A. C. (1983): The use of blood urea nitrogen concentration as an indicator of protein 

status in cattle. Bov. Pract., 114–118.
Hawley, A. W .L. – Peden, D. G. (1982): Effects of ration, season and animal handling on composition of 

bison and cattle blood. J. Wildl. Dis., 18. 321–338. https://doi.org/10.7589/0090-3558-18.3.321
Hooda, O. K. – Singh, G. (2010): Effect of thermal stress on feed intake, plasma enzymes and blood 

biochemicals in buffalo heifers. Ind. J. Anim. Nutr., 27. 122–127.
Hutjens, M. F. – Schultz, L. H. (1971): Addition of soybeans or methionine analog to high-concentrate 

rations for dairy cows. J. Dairy Sci., 54., 1637–1644. https://doi.org/10.3168/jds.S0022-
0302(71)86083-6

Igbokwe, I. O. (1993): Haemoconcentration in Yankasa sheep exposed to prolonged water deprivation. 
Small Rum. Res., 12. 99–105. https://doi.org/10.1016/0921-4488(93)90042-G

Kamal, T. H. – Habeeb, A. A. – Abdel-Samee, A. M. – Marai, I. F. M. (1989): Milk production of heat 
stressed Friesian cows and its improvement in the subtropics, in: International Symposium 
on the Constraints and Possibilities of Ruminant Production in the Dry Subtropics, Cairo, 
Egypt. EAAP. Publication. pp. 156–158.

Kaneko, J. J. (2008): Clinical biochemistry of domestic animals. Academic press.
Kim, W. S. – Ghassemi Nejad, J. – Peng, D. Q. – Jo, Y. H. – Kim, J. – Lee, H. G. (2022): Effects of 

different protein levels on growth performance and stress parameters in beef calves under 
heat stress. Sci. Rep., 12. 8113. https://doi.org/10.21203/rs.3.rs-631186/v2

Law, R. A. – Young, F. J. – Patterson, D .C. – Kilpatrick, D. J. – Wylie, A. R. G. – Mayne, C. S. (2009): 
Effect of dietary protein content on the fertility of dairy cows during early and mid lactation. 
J. Dairy Sci., 92. 2737–2746. https://doi.org/10.3168/jds.2008-1420



ÁLLATTENYÉSZTÉS ÉS TAKARMÁNYOZÁS, 2025. 74. 1. 73

Liu, L. – Li, X. – Li, Y. – Guan, Y. – Song, Y. – Yin, L. – Liu, G. (2014): Effects of nonesterified fatty acids 
on the synthesis and assembly of very low density lipoprotein in bovine hepatocytes in vitro. 
J. Dairy Sci., 97. 1328–1335. https://doi.org/10.3168/jds.2013-6654

Marai, I. F. M. – Habeeb, A. A. – Daader, A. H. – Yousef, H. M. (1995): Effects of Egyptian subtropical 
summer conditions and the heat-stress alleviation technique of water spray and a diaphoretic 
on the growth and physiological functions of Friesian calves. J. Arid Environ., 30. 219–225. 
https://doi.org/10.1016/S0140-1963(05)80073-4

McArt, J. A. A. – Nydam, D. V. – Oetzel, G. R. – Overton, T. R. – Ospina, P. A. (2013): Elevated non-
esterified fatty acids and β-hydroxybutyrate and their association with transition dairy cow 
performance. Vet. J., 198. 560–570. https://doi.org/10.1016/j.tvjl.2013.08.011

McDowell, L. R. (2003): Minerals in animal and human nutrition. Elsevier, https://doi.org/10.1016/
B978-0-444-51367-0.X5001-6 

Mečionytė, I. – Palubinskas, G. – Anskienė, L. – Japertienė, R. – Juodžentytė, R. – Žilaitis, V. (2022): 
The effect of supplementation of rumen-protected choline on reproductive and productive 
performances of dairy cows. Animals, 12. 1807. https://doi.org/10.3390/ani12141807

Meyer, D. J. – Harvey, J. W. (1998): Evaluation of hepatobiliary system and skeletal muscle and lipid 
disorders. Veterinary laboratory medicine. Interpretation and diagnosis. 2nd Edit. Philadelphia, 
London, Toronto, Montreal. Meyer, DJ, Vet. archive 75. 67–73.

Mohapatra, S. – Kundu, A. K. – Mishra, S. R. – Senapati, S. – Jyotiranjan, T. – Panda, G. (2021): HSF1 
and GM-CSF expression, its association with cardiac health, and assessment of organ 
function during heat stress in crossbred Jersey cattle. Res. Vet. Sci., 139. 200–210. https://
doi.org/10.1016/j.rvsc.2021.07.018

Mordak, R. – Nicpoń, J. (2006): Values of some blood parameters in dairy cows before and after 
delivery as a diagnostic monitoring of health in herd. EJPAU, 9. 1–5. http://www.ejpau.media.
pl/volume9/issue2/art-20.html

Moreira, T. F. – Facury Filho, E. J. – Meneses, R. M. – Mendonça, F. L. M. – Lima, J. A. M. – Carvalho, 
A. U. (2015): Energy profile of crossbred dairy cows in the transition period in two seasons. 
Arq. Bras. Med. Vet. Zootec., 67. 1327–1334. http://dx.doi.org/10.1590/1678-4162-8287

Nauriyal, D. C. – Baxi, K. K. (1978): Biomedical profile of crossbred cattle and buffaloes in 
experimentally induced ruminal lactic acidosis: I. Intra ruminal molasses administration. 
Zentralbl. Veterinarmed. A, 25. 450–457.

Panteghini, M. (1990): Aspartate aminotransferase isoenzymes. Clin. Biochem., 23. 311–319. https://
doi.org/10.1016/0009-9120(90)80062-N

Park, A. F. – Shirley, J. E. – Titgemeyer, E. C. – Cochran, R. C. – DeFrain, J. M. – Wickersham, E. E. – 
Johnson, D. E. (2010): Characterization of plasma metabolites in Holstein dairy cows during the 
periparturient period. Int. J. Dairy Sci., 5. 253–263. https://doi.org/10.3923/ijds.2010.253.263

Petit, H. V. – Palin, M. F. – Doepel, L. (2007): Hepatic lipid metabolism in transition dairy cows fed 
flaxseed. J. Dairy Sci., 90. 4780–4792. https://doi.org/10.3168/jds.2007-0066

Pradhan, P. – Shukla, P. R. – Skea, J. – Buendia, E. C. – Masson-Delmotte, V. – Pörtner, H. O. –Roberts, 
R. (2022): Summary for Policymakers: IPCC Special Report on Climate Change and Land.

Puppel, K. – Gołębiewski, M. – Solarczyk, P. – Grodkowski, G. – Slósarz, J. – Kunowska-Slósarz, M. – 
Balcerak, M. – Przysucha, T. – Kalińska, A. – Kuczyńska, B. (2019): The relationship between 
plasma β-hydroxybutyric acid and conjugated linoleic acid in milk as a biomarker for early 
diagnosis of ketosis in postpartum Polish Holstein-Friesian cows. BMC Vet. Res., 15. 367. 
https://doi.org/10.1186/s12917-019-2131-2

Pyne, A. K. – Maitra, D. N. (1981): Physiological studies on blood of lactating Hariana and Sahiwal 
cattle. Ind. Vet. J., 58. 526–528

Quintela, L. A. – Becerra, J. J. – Rey, C. – Díaz, C. – Cainzos, J. – Rivas, F. – Huanca, W. – Prieto, 
A. – Herradón, P. G. (2011): Perfiles metabólicos en preparto, parto y postparto en vacas 
de raza rubia gallega: estudio preliminar. Rec. Rur., 7. 5–14. https://doi.org/10.15304/rr.id88



Baccouri et al: The effects of heat stress on some blood parameters74

Radkowska, I. – Herbut, E. (2014): Hematological and biochemical blood parameters in dairy cows 
depending on the management system. Anim Sci. Pap. Rep., 32. 317–325.

Radostits, O. M. – Gay, C. C. – Hinchcliff, K. W. – Constable, P. D. (2007): Diseases caused by fungi. 
Veterinary Medicine: A textbook of the diseases of cattle, horses, sheep, pigs and goats. 
10th edition. Saunders Elsevier Ltd. Philadelphia, USA 842–860.

Ranaraja, U. – Cho, K. H. – Park, M. N. – Choi, T. J. – Kim, S. D. – Lee, J. – Kim, H. S. – Do, C. H. 
(2016): Impact of environmental factors on milk β-hydroxybutyric acid and acetone levels 
in Holstein cattle associated with production traits. Kor. J. Agric. Sci., 43. 394–400. https://
doi.org/10.7744/kjoas.20160042

Rodriguez, Z. – Shepley, E. – Ferro, P. P. C. – Moraes, N. L. –Antunes Jr, A. M. – Cramer, G. – Caixeta, 
L. S. (2021): Association of body condition score and score change during the late dry period 
on temporal patterns of beta-hydroxybutyrate concentration and milk yield and composition 
in early lactation of dairy cows. Animals, 11. 1054. https://doi.org/10.3390/ani11041054

Ronchi, B. – Bernabucci, U. – Lacetera, N. – Verini Supplizi, A. – Nardone, A. (1999): Distinct and 
common effects of heat stress and restricted feeding on metabolic status of Holstein heifers. 
Zootec. Nutr. Anim., 23 3–15.

Roths, M. – Abeyta, M. A. – Wilson, B. – Rudolph, T. E. – Hudson, M. B. – Rhoads, R. P. – Baumgard, 
L. H. – Selsby, J. T. (2023): Effects of heat stress on markers of skeletal muscle proteolysis 
in dairy cattle. J. Dairy Sci., 106. 5825–5834. https://doi.org/10.3168/jds.2022-22678

Sakowski, T. – Kuczyńska, B. – Puppel, K. – Metera, E. – Słoniewski, K. – Barszczewski, J. (2012): 
Relationships between physiological indicators in blood, and their yield, as well as chemical 
composition of milk obtained from organic dairy cows. J. Sci. Food. Agric., 92. 2905–2912. 
https://doi.org/10.1002/jsfa.5900

Sattar, A. – Mirza, R. H. (2009): Haematological parameters in exotic cows during gestation and 
lactation under subtropical conditions. Pakistan Vet. J., 29. 129–132.

Scamell, J. M. (2006): Healthy land for healthy cattle. Cattle Pract., 14. 143–152.
Shearer, J. K. – Beede, D. K. (1990): Effects of high environmental temperature on production, 

reproduction, and health of dairy cattle. Agri. Pract., 11. 6–17.
Singh, S. K. – Prasad, M. C. – Nem, S. – Ramakrishna, C. (1992): Clinicobiochemical studies on 

induced pregnancy toxaemia in sheep. Ind. J. Vet. Path., 16. 85–90.
Singh, S .P. – Hooda, O. K. – Kundu, S. S. – Singh, S. (2012): Biochemical changes in heat exposed 

buffalo heifers supplemented with yeast. Trop. Anim. Health Prod., 44. 1383–1387. https://
doi.org/10.1007/s11250-012-0075-7

Skibiel, A. L. – Zachut, M. – do Amaral, B. C. – Levin, Y. – Dahl, G. E. (2018): Liver proteomic analysis 
of postpartum Holstein cows exposed to heat stress or cooling conditions during the dry 
period. J. Dairy Sci., 101. 705–716. https://doi.org/10.3168/jds.2017-13258

Song, Y. – Li, N. – Gu, J. – Fu, S. – Peng, Z. – Zhao, C. – Zhang, Y. – Li, X., – Wang, Z. – Li, X. (2016): 
β-Hydroxybutyrate induces bovine hepatocyte apoptosis via an ROS-p38 signaling pathway. 
J. Dairy Sci., 99. 9184–9198. https://doi.org/10.3168/jds.2016-11219

Srikandakumar, A. – Johnson, E. H. (2004): Effect of heat stress on milk production, rectal temperature, 
respiratory rate and blood chemistry in Holstein, Jersey and Australian Milking Zebu cows. 
Trop. Anim. Health Prod., 36. 685–692. https://doi.org/10.1023/B:TROP.0000042868.76914.a9

Stefanska, B. – Pruszynska-Oszmalek, E. – Fievez, V. – Purwin, C. – Nowak, W. (2024): Impact of heat 
stress during close-up dry period on performance, fertility and immunometabolic blood 
indices of dairy cows: prospective cohort study. Sci. Rep., 14. 21211. https://doi.org/10.1038/
s41598-024-72294-2

Stengärde, L. – Tråvén, M. – Emanuelson, U. – Holtenius, K. – Hultgren, J. – Niskanen, R. (2008): 
Metabolic profiles in five high-producing Swedish dairy herds with a history of abomasal 
displacement and ketosis. Acta Vet. Scand., 50. 31. https://doi.org/10.1186/1751-0147-50-31



ÁLLATTENYÉSZTÉS ÉS TAKARMÁNYOZÁS, 2025. 74. 1. 75

Stojević, Z. – Piršljin, J. – Milinković-Tur, S. – Zdelar-Tuk, M. – Beer Ljubić, B. (2005): Activities of 
AST, ALT and GGT in clinically healthy dairy cows during lactation and in the dry period. 
Vet. Arh., 75. 67–73.

Tainturier, D. – Braun, J. P. – Rico, A. G. – Thouvenot, J. P. (1984): Variations in blood composition 
in dairy cows during pregnancy and after calving. Res. Vet. Sci., 37. 129–131. https://doi.
org/10.1016/S0034-5288(18)31892-7

Tibbo, M. – Jibril, Y. – Woldemeskel, M. – Dawo, .F – Aragaw, K. – Rege, J. E. O. (2008): Serum enzymes 
levels and influencing factors in three indigenous Ethiopian goat breeds. Trop. Anim. Health 
Prod., 40, 657–666. https://doi.org/10.1007/s11250-008-9145-2

Tshuma, T. – Fosgate, G. – Webb, E. – Swanepoel, C. – Holm, D. (2023): Effect of temperature and 
humidity on milk urea nitrogen concentration. Animals, 13. 295. https://doi.org/10.3390/
ani13020295

Turk, R. – Rošić, N. – Vince, S. – Perkov, S. – Samardžija, M. – Beer-Ljubić, B. – Belić, M. – Robić, M. 
(2020): The influence of heat stress on energy metabolism in Simmental dairy cows during 
the periparturient period. Vet. Arh., 90. 1–10. https://doi.org/10.24099/vet.arhiv.0856

Valencia, R. – Kim, S. H. – Berdos, J. – Kim, M. H. – Lee, S. S – Lee, S. S.. (2024): Metabolic and 
metataxonomic changes in lactating Holstein dairy cows during the transition from heat 
stress to the recovery period. J. Anim. Sci. Technol., https://doi.org/10.5187/jast.2024.e97

Van Den Top, A. M. – Wensing, T. – Geelen, M. J. H. – Wentink, G. H. – Van’t Klooster, A. T. – Beynen, 
A. C. (1995): Time trends of plasma lipids and enzymes synthesizing hepatic triacylglycerol 
during postpartum development of fatty liver in dairy cows. J. Dairy Sci., 78. 2208–2220. 
https://doi.org/10.3168/jds.S0022-0302(95)76848-5

Van Saun, R. J. (1997): Nutritional profiles: a new approach for dairy herds. Bov. Pract., 43–49. https://
doi.org/10.21423/bovine-vol1997no31.2p43-49

West, J. W. (2003): Effects of heat-stress on production in dairy cattle. J. Dairy Sci., 86. 2131–2144. 
https://doi.org/10.3168/jds.S0022-0302(03)73803-X

Wheelock, J. B. – Rhoads, R. P. – VanBaale, M. J. – Sanders, S. R. – Baumgard, L. H. (2010): Effects of 
heat stress on energetic metabolism in lactating Holstein cows1. J. Dairy Sci., 93. 644–655. 
https://doi.org/10.3168/jds.2009-2295

Whitaker, D. A – Macrae, A .I. – Burrough, E. (2005): Nutrition, fertility and dairy herd productivity. 
Cattle Pract., 13. 27–32.

Xu, C. – Shu, S. – Xia, C. – Wang, P. – Sun, Y. – Xu, C. – Li, C. (2015): Mass spectral analysis of urine 
proteomic profiles of dairy cows suffering from clinical ketosis. Vet. Quart., 35, 133–141. 
https://doi.org/10.1080/01652176.2015.1055352

Yadav, B. – Singh, G. – Wankar, A. – Dutta, N. – Chaturvedi, V. B. – Verma, M. R. (2016): Effect of 
simulated heat stress on digestibility, methane emission and metabolic adaptability in 
crossbred cattle. AJAS, 29. 1585–1592. https://doi.org/10.5713/ajas.15.0693

Zarrin, M. (2014): Metabolic adaptations and changes of the mammary immune response during 
beta-hydroxybutyrate administration. PhD Thesis, University of Bern.

Zarrin, M. – De Matteis, L. – Vernay, M. C. M. B. – Wellnitz, O. – van Dorland, H. A. – Bruckmaier, R. 
M. (2013): Long-term elevation of β-hydroxybutyrate in dairy cows through infusion: Effects 
on feed intake, milk production, and metabolism. J. Dairy Sci., 96. 2960–2972. https://doi.
org/10.3168/jds.2012-6224

Zhao, S. – Min, L. – Zheng, N. – Wang, J. (2019): Effect of heat stress on bacterial composition and 
metabolism in the rumen of lactating dairy cows. Animals, 9. 925. https://doi.org/10.3390/
ani9110925

Zimmerman, H. J. – Dujovne, C. A. – Levy, R. (1968): The correlation of serum levels of two transaminases 
with tissue levels in six vertebrate species. Comp. Biochem. Physiol., 25. 1081–1089. https://
doi.org/10.1016/0010-406X(68)90593-8

 Érkezett: 2025. január



Baccouri et al: The effects of heat stress on some blood parameters76

Authors’ address:  Baccouri, W. :
   Doctoral School of Animal Science, University of Debrecen, 4032 Debrecen, 
   Hungary.
Szerzők címe:  Department of Animal Science, Institute of Animal Science, Biotechnology 
   and Natural Conservation, Faculty of Agricultural and Food Sciences and 
   Environmental Management, University of Debrecen, 4032 Debrecen, 
   Böszörményi út 138., Hungary.
   Institute of Animal Sciences and Wildlife Management, Faculty of Agriculture, 
   University of Szeged, 6800 Hódmezővásárhely, Hungary.
   Debreceni Egyetem Állatenyésztési Tudományok Doktori Iskola
   Debreceni Egyetem, Mezőgazdaság-, Élelmiszertudományi és 
   Környezetgazdálkodási Kar, Állattudományi, Biotechnológiai és Természetvédelmi 
   Intézet, H-4032 Debrecen, Böszörményi út 138.
   Szegedi Egyetem, Mezőgazdasági Kar, Állattudományi és Vadgazdálkodási 
   Intézet, H-6800 Hódmezővásárhely, Andrássy út 15.

   Wanjala, G – Tóth, V – Mikó, E* :
   Institute of Animal Sciences and Wildlife Management, Faculty of Agriculture, 
   University of Szeged, 6800 Hódmezővásárhely, Hungary.
   Szegedi Egyetem, Mezőgazdasági Kar, Állattudományi és Vadgazdálkodási 
   Intézet, H-6800 Hódmezővásárhely, Andrássy út 15.
   *corresponding author (levelező szerző), e-mail: miko.edit@szte.hu

   Komlósi, I. : 
   Doctoral School of Animal Science, University of Debrecen, 4032 Debrecen, 
   Hungary.
   Institute of Animal Science, Biotechnology and Natural Conservation, Faculty 
   of Agricultural and Food Sciences and Environmental Management, University 
   of Debrecen, 4032 Debrecen, Böszörményi út 138., Hungary.
   Debreceni Egyetem Állatenyésztési Tudományok Doktori Iskola
   Debreceni Egyetem, Mezőgazdaság-, Élelmiszertudományi és 
   Környezetgazdálkodási Kar, Állattudományi, Biotechnológiai és Természetvédelmi 
   Intézet, H-4032 Debrecen, Böszörményi út 138.


