Acta Agriculturae Serbica, 30 (60), 83-91, 2025

UDC: 636.2:57.047
doi: 10.5937 /AASer2560083M

Publisher: Faculty of Agronomy Cacak
&
&

www.afc.kg.ac.rs

t OFAGRO
Acta 3 P4
Agriculturae 3 g
Serbica < =]

* CACAK »

Cut-off value of body surface temperature and assessing heat stress in

dairy cows

Mira Majki¢, Jovan Spasojevi¢, Sandra Nikoli¢, Marko Cincovi¢*

Department of Veterinary Medicine, Faculty of Agriculture, University of Novi Sad, Trg Dositeja Obradovica 8, 21000 Novi

Sad, Serbia
Corresponding author: mcincovic@gmail.com

Received 26 June 2025; Accepted 28 August 2025

ABSTRACT

Heat stress has a significant impact on the health and productivity of dairy cows, making early and accurate detection essential
for effective welfare management. The aim of this study was to determine cut-off values of body surface temperature across
different anatomical regions, measured by infrared thermography (IRT), to distinguish cows under heat stress from those in
thermoneutral conditions. The research was conducted on a Holstein-Friesian farm in the Vojvodina region, with 200 total
measurements collected during spring and summer. The identified cut-off values were as follows: 36.06 °C for the eye, 32.2 °C for
the ear, 33.6 °C for the nose, 37.3 °C for the forehead, 35.8 °C for the whole head, 35.1 °C for the abdomen, 36.6 °C for the udder,
32.3 °C for the front limb, 33.5 °C for the hind limb, and 35.95 °C for the whole body. All values demonstrated satisfactory to high
discriminative power (AUC = 0.71-0.95) for identifying cows under heat stress. These thresholds enable early identification of
thermal load and timely interventions. Although body surface temperature is a sensitive and non-invasive indicator, its
application requires contextual interpretation and integration with other physiological parameters. The results support the
development of automated systems for continuous monitoring and prevention of heat stress, contributing to more sustainable
dairy farming practices under changing climatic conditions.

Keywords:cow, infrared thermography, body surface temperature, heat stress

M3BOJ

Ton/sIoTHU CTpec HEraTUBHO yTHYe Ha 3/ipaBJ/be U NPOAYKTUBHOCT MJIEYHUX KpPaBa, Te je paHo U NpeLU3HO Npelo3HaBambe OBUX
CTama K/bY4YHO 3a epUKACHO yIpaB/bake A00po6uTH. Lk oBe cTyjuje je 6M0 Ja ce yTBpJe rpaHudHe (cut-off) BpesHOCTH
HOBpPLUIMHCKe TeMIlepaType Tesa 3a pPa3JM4YUTe aHATOMCKe peruje, MepeHe uHOpanpseHoM Tepmorpadujom (IRT), xoje
omoryhaBajy fudepeHIMjalKjy KpaBa y TOIMJIOTHOM CTPeCy 0J; OHUX Koje HUCY MoJ cTpecoM. McTpakuBame je CIpoBeZieHO Ha
¢dapmu xonuTajH-GPU3HjCKUX KpaBa y BojBoinHU TOKOM npoJsiehHo-/IeTHer Nepruosa, a YKYIHO je aHaiau3upaHo 200 Mepemwa y
neceT peruja tea. JJo6ujeHe cut-off BpegHocTH cy: 36.06 °C 3a oko, 32.2 °C 3a yBo, 33.6 °C 3a Hoc, 37.3 °C 3a yeuo, 35.8 °C 3a ueny
riay, 35.1 °C 3a a6omeH, 36.6 °C 3a BuMe, 32.3 °C 3a npembe ekcrpemuTete, 33.5 °C 3a 3aame ekcTpemuTeTe U 35.95 °C 3a neso
Tesio. CBe BpeIHOCTH Cy MoKa3aJjle 3a/10Bo/baBajyhy g0 BUCOKY auckpuMuHaTUBHY Moh (AUC = 0.71-0.95) 3a uaeHTUOUKALH]jY
KpaBa y TOIUIOTHOM CTpecy. WaeHTudukanuja oBuxX mparoBa omoryhaBa paHy JeTeKuujy TepMajHor onTepehewa u
nMpaBoBpeMeHe HHTepBeHUMje. Mako MOBpIIMHCKA TeMIlepaTypa MpeAcTaB/ba OCET/bUB W HEMHBAa3WBaH WHAUKATOD, HeHa
[pUMeHa 3aXTeBa HHTerpanujy ca ApyruM GU3HoJIOUIKHUM TapaMeTpruMa U KOHTEKCTyaln3alyjy pema ycaoBuMa cpefuHe. OBU
pe3yJITaTy Ipy)Kajy 0CHOBY 3a Pa3B0j ayTOMAaTHU30BAaHUX CHUCTEMA 32 MOHUTOPHHT U NPEBEHLHjy TOIJIOTHOT CTpeca y yCJ0BUMaA
KJIMMaTCKUX [TPOMeEHa.

K/by4yHe peuu: kpaBe, MHOpaupBeHa TepMorpaduja, TeMepaTypa MOBpIIHHE TeJIa, TOIJIOTHH CTPeC

demand for healthy animal-derived products, and the
search for novel animal-based indicators of stress
capable of being monitored through information

1. Introduction

Heat stress represents a significant challenge in

modern livestock production, particularly in dairy
cattle, where adverse climatic conditions directly affect
animal health, welfare, and production performance
(Cincovi¢ et al.,, 2023; Giannone et al,, 2023; Azevedo et
al,, 2024). With the ongoing rise in global temperatures
and the increasing frequency of heatwaves, accurate
identification and monitoring of heat stress have
become essential for improving farm management
systems (St-Pierre et al, 2003). Climate change-
induced extremes on farms, the growing consumer
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technologies are key reasons why heat stress in cattle
has emerged as a critical issue requiring innovative
detection approaches and technological solutions
(Luki¢, 2023; Sichoongwe, 2023; Milovanovi¢, 2023;
Nikgi¢ et al,, 2023; Colovié& Mitié, 2024). Resilience to
high ambient temperatures and the measurement of its
indicators represent an imperative in the process of
predicting and preventing heat stress (Majki¢ et al,
2023).

The Temperature-Humidity Index (THI) is a widely
accepted indicator that integrates ambient temperature
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and relative humidity, providing an objective measure
of environmental conditions in relation to heat stress in
livestock (Bohmanova et al, 2007). According to most
studies, THI values exceeding 72-74 indicate the onset
of heat stress in dairy cows, while THI values above 78
are considered a critical threshold associated with
severe effects on productivity and health (Kadzere et
al,, 2002; Yan et al,, 2021). It has been established that
there is a long-term increasing trend of the THI index in
our region during almost all months of the year, with
the most significant rise observed during the summer
months (Cincovi¢ et al,, 2017; Majki¢ et al., 2020).

Rectal temperature has traditionally been used to
assess thermoregulation and the level of heat stress,
serving as an indicator of core body temperature
(Tiezzi et al, 2017). However, rectal measurement is
invasive, impractical for frequent monitoring, and
slower to reflect acute changes in the animal’s thermal
status (Mota-Rojas et al, 2021). In recent years,
infrared thermography has emerged as an attractive
non-invasive method for measuring surface body
temperature, offering rapid and accurate assessment of
the thermal state across different body regions and
enabling early detection of heat stress (Salles et al,
2016; Stewart et al,, 2017). Studies have demonstrated
a significant positive correlation between THI and body
surface temperature in cows, particularly in head
regions such as the forehead and eye, which are
considered reliable indicators of thermoregulatory
changes (Peng et al, 2019; Kim et al, 2020). For
instance, Peng et al. (2019) reported that forehead
surface temperature increases with rising THI,
identifying a threshold of approximately 37 °C as the
onset of heat stress. Similarly, Salles et al. (2016) found
that eye temperatures exceeding 37.5 °C were
associated with elevated THI values >74, indicating a
pronounced physiological response to heat stress. In
addition to the head, other significant indicators
include the udder, flank, and horns, where elevated
surface temperatures have also been correlated with
higher THI values and thermoregulatory strain (Ghezzi
et al, 2024; Martello et al.,, 2016). These regions differ
in thermal sensitivity, which is essential for accurate
interpretation of data and for determining precise cut-
off values for heat stress detection (Kim et al., 2020;
Wang et al,, 2023).

Defining and verifying threshold values of body
surface temperature has practical implications for
monitoring dairy cow welfare, as it enables the timely
identification of animals experiencing thermal stress
before adverse effects on health or productivity
become apparent given that numerous physiological
changes occur prior to the manifestation of clinical
symptoms (Bang et al, 2022; Blond et al,, 2024). The
use of infrared thermography allows for continuous
monitoring and effective intervention under high THI
conditions, thereby contributing to the sustainability of
livestock  production systems. Although the
relationship between THI and surface temperature is
well documented, variations in heat stress detection
thresholds persist due to multiple influencing factors
(Herbut et al., 2018; Mota-Rojas et al., 2021).

The aim of this study is to examine the relationship
between the THI index and the surface temperature of
various body regions, and to establish temperature cut-
off values indicative of heat stress in dairy cows.
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2. Materials and methods

This experiment was carried out on a Holstein-
Friesian cattle farm in the Vojvodina region of Serbia.
Data was collected during two distinct periods: April
and May, representing a thermoneutral period, and
June and July, representing a heat stress period. The
cows were housed in a standard free-stall system with
unlimited access to water. They were fed twice daily
with a total mixed ration (TMR) formulated according
to established standards (NRC, 2001).

To assess heat stress, the ambient temperature-
humidity index (THI) was monitored. Temperature and
air humidity were measured thrice daily in three
distinct periods: early morning (05:00-07:00, THI
night) and mid-afternoon (13:00-15:00, THI day). The
THI was calculated using a standard formula based on
data provided by the Republic Hydrometeorological
Service of Serbia.

We conducted 200 measurements of body surface
temperature (100 from the thermoneutral period and
100 from the heat stress period). Thermal images were
captured of various body parts, including the eye (EYT),
ear (EAT), nose (NT), forehead (FHT), whole head
(WHT), abdomen (AT), front limb (FLT), hind limb
(HLT), udder (UT), and the whole body (WBT). An
infrared camera (Testo 865, Germany) was used to
obtain these thermograms. Each cow's thermal images
were recorded with an emissivity coefficient of 0.95
from a distance of approximately 1 meter. The
measurements were taken at regular time intervals
during the four mentioned months.

In this study, a model incorporating continuous
values of measured body temperatures and
dichotomous values representing the presence of heat
stress (thermoneutral period = 0; heat stress = 1) was
analyzed. To determine the threshold temperatures of
different body regions indicative of heat stress, a
Receiver Operating Characteristic (ROC) analysis was
conducted in two stages. The ability of surface
temperatures from different body regions to
distinguish between cows under heat stress and those
in a thermoneutral period was determined using the
area under the ROC curve (AUC) analysis. We then
determined the cut-off threshold of body temperature,
above (or below) which cases are classified as
belonging to the positive class (cows under heat
stress). All values below this threshold are assigned to
the negative class (thermoneutral period). The inverse
ROC curve method was used to illustrate the
relationship among different temperature thresholds
across body regions. The correlation between THI and
body temperature was determined using Pearson's
correlation coefficient. THI index values were
specifically recorded at the moment when the cut-off
value of body surface temperature was reached, above
which the probability of cows being exposed to heat
stress increases. Statistical analyses were performed
using the SPSS software package (USA).

3. Results and Discussion

THI values were from 58 to 69 in the
thermoneutral period and from 70 to 82 during the
heat stress period. Body surface temperatures were
measured across different anatomical regions of dairy
cows during thermoneutral and heat stress periods,
taking into account both the intensity of heat stress
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(mild, moderate to severe) and the stage of lactation.
During exposure to increasing heat stress, surface
temperatures across all body regions rose noticeably.
Eye temperature increased from 32.7 °C in the
thermoneutral period to 37.5 °C during mild heat stress
and reached 38.6 °C under moderate heat stress. Ear
temperature showed a sharp rise from 22.5 °C to
355°C and further to 36.6 °C, indicating high
sensitivity. Nose temperature increased gradually from
329 °C to 352 °C and then 37.4 °C. Forehead
temperature climbed from 29.6 °C to 36.1 °C and
reached 38.3 °C under moderate stress. Whole head
temperature followed a similar trend, rising from
33.2°C to 36.6 °C and then 38.6 °C. Abdomen
temperature exhibited one of the steepest increases,
from 33.5 °C to 36.9 °C and further to 37.9 °C. Udder
temperature rose from 30.5 °C to 36.9 °C and peaked at

Table 1.
Relation between THI and body surface temperature

39.5 °C. Front limb temperature increased from 29.9 °C
to 34.8 °C and reached 37.9 °C, while hind limb
temperature followed a similar pattern, rising from
28.7 °C to 34.5 °C and then to 38.4 °C. Finally, whole-
body surface temperature reflected the overall thermal
load, increasing from 28.8 °C in thermoneutral
conditions to 35.7 °C with mild heat stress, and peaking
at 37.7 °C under moderate heat stress.

A positive and statistically significant correlation
was found between the THI index and the surface
temperature of various body regions, with the
following correlation coefficients: 0.82 for the eye, 0.92
for the ear, 0.75 for the nose, 0.81 for the forehead, 0.86
for the whole head, 0.88 for the abdomen, 0.93 for the
udder, 0.64 for the front limb, 0.62 for the hind limb,
and 0.79 for the whole body. The results are presented
in Table 1.

Body surface

Correlation with THI over time

THI values at which the surface
temperature cut-off points were

identified
Eye 0.82 (p<0.001) 73
Ear 0.92 (p<0.0001) 69
Nose 0.75 (p<0.001) 76
Forehead 0.81 (p<0.001) 72
Whole head 0.86 (p<0.0001) 70
Abdomen 0.88 (p<0.0001) 71
Udder 0.93 (p<0.0001) 68
Front limb 0.64 (p<0.001) 76
Hind limb 0.62 (p<0.001) 76
Whole body 0.79 (p<0.001) 74

The model based on body surface temperature
successfully distinguished cows under heat stress from
those in the thermoneutral zone, with the
discriminative power varying by body region. The area
under the ROC curve (AUC) for surface temperature of
different body regions was as follows: 0.85 for the eye,
0.93 for the ear, 0.74 for the nose, 0.81 for the forehead,
0.95 for the whole head, 0.80 for the abdomen, 0.90 for
the udder, 0.72 for the front limb, 0.71 for the hind
limb, and 0.92 for the whole body. All AUC values were
statistically significant at a minimum level of p < 0.05,
indicating that the surface temperature of various body
regions can serve as a meaningful indicator of heat
stress in dairy cows.

From a practical standpoint, AUC values between
0.7 and 0.8 indicate moderate discrimination, values
between 0.81 and 0.9 indicate good discrimination, and
values between 0.91 and 0.99 indicate excellent
discrimination between cows under heat stress and
those in thermoneutral conditions. The data are
presented in Figure 1.

The cut-off values for body surface temperature
above which cows may be classified as experiencing
heat stress were 36.06 °C for the eye, 32.2 °C for the
ear, 33.6 °C for the nose, 37.3 °C for the forehead,
35.8 °C for the whole head, 35.1 °C for the abdomen,
36.6 °C for the udder, 32.3 °C for the front limb, 33.5 °C
for the hind limb, and 35.95°C for the whole body.
These data are shown in Figure 1.
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The corresponding THI values at which the surface
temperature cut-off points were identified were 73 for
the eye, 69 for the ear, 76 for the nose, 72 for the
forehead, 70 for the whole head, 71 for the abdomen,
68 for the udder, 76 for the front limb, 76 for the hind
limb, and 74 for the whole body.

Temperature measured using infrared
thermography represents a sensitive indicator in the
assessment of heat stress load. Such measurements
reflect diurnal fluctuations (Majki¢ et al., 2023a) as well
as variations depending on the housing systems of the
animals (Cukié¢ et al,, 2023). Furthermore, heat stress
induces significant metabolic alterations (Majki¢ et al,,
2017), and these metabolic changes have been shown
to correlate with body surface temperature (Blond et
al,, 2024). The relationship between the Temperature-
Humidity Index (THI) and body surface temperature in
dairy cows, as measured by infrared thermography
(IRT), has been confirmed by numerous studies
demonstrating a strong and consistent positive
correlation between these parameters. Previous
studies have confirmed a correlation between body
surface temperature and the values of the
Temperature-Humidity Index (THI), regardless of the
specific formula used to calculate the index (Spasojevi¢
et al, 2023). Correlation coefficients between THI and
BST across various body regions frequently range from
0.6 to 0.9, clearly indicating that increases in THI are
directly accompanied by rises in surface temperature.
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For example, Peng et al. (2019) reported a correlation
of 0.808 between THI and forehead temperature, while
Salles et al. (2016) documented similarly high
correlations for the forehead and flanks. These findings
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Figure 1. Area under ROC curve and cut-off value of surface body temperature measured by infrared thermorgraphy
for assessment of heat stress in dairy cows

Cut-off values for body surface temperature used
to identify the onset and intensity of heat stress vary
depending on the anatomical region, although certain
thresholds are consistently reported across studies. For
instance, eye temperatures exceeding 37.5°C are
considered reliable indicators of heat stress (Salles et
al,, 2016; Kim et al., 2020), whereas thresholds for the
frontal forehead region are slightly lower, typically
ranging from 36.5 to 37.0 °C (Peng et al,, 2019; Wang et
al, 2023). The udder, a key region related to milk
production, shows threshold values between 34.5 and
35.5°C, with elevated temperatures indicating a
negative impact of heat on productive performance
(Martello et al., 2016; Ghezzi et al., 2024). Thresholds
for other body parts, such as the flanks, sides, horns,
and nose, generally fall between 35.0 and 36.0°C,
offering additional insights into the animal’s overall
thermal load. Although these thresholds provide
important guidance, their application should be
contextualized, as factors such as breed, age, and
environmental conditions significantly influence both
baseline and maximum surface body temperatures
(Martello et al, 2016; Herbut et al, 2018). The
correlation between ocular surface temperature and
rectal temperature in cows under heat stress
conditions represents a critical area of research aimed
at developing non-invasive methods for early detection
of thermal load. Infrared thermography, particularly
the measurement of temperature in the eye region (e.g.,
the medial canthus), has demonstrated strong potential
as an indicator of core body temperature and
physiological stress response (Ghezzi et al., 2024; Peng
etal, 2019; Wang et al,, 2023).

A comparison of THI and body surface
temperature cut-off values indicates that the critical
thresholds for THI generally fall between 72 and 78,
which coincides with an increase in surface
temperature beyond established limits. Slightly lower
thresholds observed for the udder and ear can be
attributed to reduced hair coverage and insulation, as
well as greater exposure to ambient environmental
conditions. This synergy between THI and body surface
temperature enables timely interventions such as
cooling strategies or adjustments in feeding and work
schedules that mitigate the detrimental effects of heat
on cow health and productivity. However, numerous
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challenges arise during infrared imaging, ranging from
environmental to biological factors (Galik et al., 2024).
Methodological inconsistencies and data variability
present significant barriers to the standardization and
broader adoption of infrared thermography. Imaging
conditions including camera angle, distance, hair
coverage, and external influences such as wind and
solar radiation can affect measurement accuracy
(Stewart et al., 2017). Additionally, internal animal
factors such as lactation stage, health status, and
individual stress responses further modulate surface
temperature (Mota-Rojas et al, 2021; Herbut et al,
2018). Therefore, future research must focus on
establishing standardized protocols and integrating IRT
with other indicators of thermal stress, including
behavioral and physiological parameters, to enhance
the accuracy and reliability of these methods. From a
practical standpoint, implementing surface
temperature cut-off values as tools for welfare
monitoring and heat stress prevention allows farms to
respond proactively to climatic challenges. The
development of IRT-based approaches, combined with
automated systems for continuous monitoring and
alerting, represents a crucial step toward sustainable
livestock production under changing climate conditions
(Stewart et al., 2017). Several advanced models based
on large-scale datasets and deep learning techniques
have been developed to improve the prediction and
recognition of heat stress in dairy cows (Becker et al,
2021; Chapman et al,, 2023; Rodrigues et al.,, 2023).
When body surface temperature measured via
infrared thermography (IRT) is used as the sole
parameter in thermal stress analysis, the question
arises whether a lower THI threshold for stress
detection may be applicable. Surface temperature tends
to respond more rapidly and locally to environmental
changes compared to core body temperatures.
Anatomical regions, such as the area around the eyes,
forehead, or horns, which are richly vascularized and
directly exposed to ambient conditions exhibit earlier
increases in temperature under thermal load (Salles et
al, 2016; Peng et al,, 2019). This rapid responsiveness
of superficial tissues may allow for the detection of
early stages of heat stress even before visible or clinical
symptoms appear, and before THI reaches
conventionally defined thresholds. For instance, studies
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indicate that ocular surface temperatures exceeding
37.5 °C may signal heat stress at lower THI values than
typically recognized (Kim et al, 2020). Such early
detection may be beneficial, as it enables more timely
implementation of cooling interventions or
environmental management adjustments, thereby
mitigating the adverse effects of heat stress. However,
body surface temperature is also more susceptible to
transient fluctuations caused by ambient temperature,
wind, humidity, and other environmental variables,
which can lead to false-positive indications of thermal
stress (Stewart et al, 2017). This suggests that THI
thresholds derived solely from surface temperature
data must be carefully calibrated to avoid overreaction
to short-term environmental changes that do not
reflect true physiological stress.

Compared to conventional THI thresholds, a lower
THI cut-off derived from body surface temperature may
be indicative of an earlier stage of heat stress, but it
does not necessarily represent a direct equivalence
with internal physiological parameters. For example,
THI values in the range of 68-70, which are associated
with increases in surface temperature, may reflect the
onset of an adaptive physiological response, whereas
thresholds above 75 are more closely linked to
pronounced thermal stress and a higher risk to animal
health and productivity (Martello et al,, 2016; Herbut et
al,, 2018). Thus, using surface temperature to define
stress thresholds provides an additional layer of
sensitivity and early warning, but it requires
integration with other indicators to ensure
comprehensive and reliable assessment.

4. Conclusions

Surface temperatures of different body regions
vary significantly between cows in thermoneutral
conditions and those under heat stress, and show a
positive correlation with the THI index. Measuring
surface temperature enables the discrimination of cows
experiencing heat stress from those within the
thermoneutral zone. The defined cut-off values for
surface temperatures of various anatomical regions
provide practical guidelines for identifying cows under
thermal load. The THI threshold for the onset of heat
stress, when based solely on surface body temperature,
may be lower and more sensitive than conventional
thresholds, allowing for earlier detection and timely

intervention. However, it is essential that such
thresholds be wused in combination with other
indicators and  contextualized according to

environmental conditions and herd-specific factors to
ensure optimal accuracy and effectiveness in heat
stress detection. Further research and technological
development will provide additional support for
improving systems aimed at protecting cattle welfare in
the face of climate change.

Acknowledgments

This research is supported by the Ministry of
Science, Innovation and Technological Development of
Serbia, agreement number: 451-03-137/2025-03/
200117.

90

Declaration of competing interests

The authors declare that they have no personal
and/or financial relationships with other people or
organizations that could inappropriately influence their
work.

References

Azevedo, L. A, Canozzi, M. E. A, Rodhermel, ]. C. B,, Schwegler,
E. La Manna, A, Clariget, ]., Bianchi, I., Moreira, F., Olsson,
D. C. Peripolli, V. (2024). Strategies to alleviate heat
stress on performance and physiological parameters in
feedlot-finished cattle under heat stress conditions: A
systematic review-meta-analysis. Journal of Thermal
Biology, 119, 103798.
https://doi.org/10.1016/j.jtherbio.2024.103798

Bang, N. N,, Gaughan, J. B., Hayes, B. ], Lyons, R. E., McNeill, D.
M. (2022). Application of infrared thermal technology to
assess the level of heat stress and milk yield reduction of
cows in tropical smallholder dairy farms. Journal of Dairy
Science, 105(10), 8454-8469.
https://doi.org/10.3168/jds.2021-21343

Becker, C. A, Aghalari, A, Marufuzzaman, M., Stone, A. E.
(2021). Predicting dairy cattle heat stress using machine
learning techniques. Journal of Dairy Science, 104(1),
501-524.
https://doi.org/10.3168/jds.2020-18653

Blond, B., Majki¢, M., Spasojevi¢, J., Hristov, S., Radinovi¢, M.,
Nikoli¢, S., Andusi¢, L., Cukié, A., Do$enovi¢ Marinkovié,
M., Deli¢ Vujanovi¢, B., Obradovi¢, N., Cincovi¢, M. (2024).
Influence of heat stress on body surface temperature and

blood metabolic, endocrine, and inflammatory
parameters and their correlation in cows. Metabolites,
14(2), 104.

https://doi.org/10.3390/metabo14020104

Bohmanova, J., Misztal, I, Cole, ]J. B. (2007). Temperature-
humidity indices as indicators of milk production losses
due to heat stress. Journal of Dairy Science, 90(4), 1947-
1956.
https://doi.org/10.3168/jds.2006-513

Chapman, N. H., Chlingaryan, A, Thomson, P. C, Lomax, S,
Islam, M. A,, Doughty, A. K, Clark, C. E. F. (2023). A deep
learning model to forecast cattle heat stress. Computers
and Electronics in Agriculture, 211, 107932.
https://doi.org/10.1016/j.compag.2023.107932

Cincovi¢, M., Majki¢, M., Spasojevi¢, ]., Hristov, S., Stankovi¢, B,,
Nakov, D., Nikoli¢, S., Stanojevi¢, J. (2023). Heat stress of
dairy cows in Serbia. Acta Agriculturae Serbica, 28(56),
107-125.
https://doi.org/10.5937 /AASer2356107C

Cincovi¢, M.R, Majki¢, M. Beli¢, B, Plavsa, N. Laki¢, I,
Radinovi¢, M. (2017). Thermal comfort of cows and
temperature humidity index in period of 2005-2016 in
Vojvodina region (Serbia). Acta Agriculturae Serbica,
22(44),133-145.

Colovi¢, M., Miti¢, V. (2024). Situation factors in purchasing
organic food. Acta Agriculturae Serbica, 29(58), 105-113.
https://doi.org/10.5937 /AASer2458105C

Cukié, A., Rakonjac, S., Dokovié, R., Cincovié, M., Bogosavljevi¢
Bogkovi¢, S., Petrovié, M., Savi¢, Z., Andusié, Lj., Andelié, B.
(2023). Influence of heat stress on body temperatures
measured by infrared thermography, blood metabolic
parameters and its correlation in sheep. Metabolites,
13(8), 957.
https://doi.org/10.3390/metabo13080957

Galik, R, Bod’o, S., Littmerding, G., Knizkova, I, & Kunc, P.
(2024). Tracking differences in cow temperature related
to environmental factors. Applied Sciences, 14(16), 7205.
https://doi.org/10.3390/app14167205



https://doi.org/10.1016/j.jtherbio.2024.103798
https://doi.org/10.3168/jds.2021-21343
https://doi.org/10.3168/jds.2020-18653
https://doi.org/10.3390/metabo14020104
https://doi.org/10.3168/jds.2006-513
https://doi.org/10.1016/j.compag.2023.107932
https://doi.org/10.5937/AASer2356107C
https://doi.org/10.5937/AASer2458105C
https://doi.org/10.3390/metabo13080957
https://doi.org/10.3390/app14167205

Acta Agriculturae Serbica, 30 (60), 83-91, 2025

Ghezzi, M.D., Napolitano, F., Casas-Alvarado, A., Hernandez-
Avalos, 1., Dominguez-Oliva, A., Olmos-Herndndez, A.,
Pereira, AM.F. (2024). Utilization of infrared
thermography in assessing thermal responses of farm
animals under heat stress. Animals, 14(4), 616.
https://doi.org/10.3390/ani14040616

Giannone, C., Bovo, M., Ceccarelli, M., Torreggiani, D., Tassinari,
P. (2023). Review of the heat stress-induced responses in
dairy cattle. Animals, 13(22), 3451.
https://doi.org/10.3390/ani13223451

Herbut, P., Angrecka, S., Walczak, J. (2018). Environmental
parameters to assessing of heat stress in dairy cattle—a
review. International journal of biometeorology, 62,
2089-2097.
https://doi.org/10.1007/s00484-018-1629-9

Kadzere, C. T., Murphy, M. R,, Silanikove, N., & Maltz, E. (2002).
Heat stress in lactating dairy cows: A review. Livestock
Production Science, 77(1), 59-91.
https://doi.org/10.1016/S0301-6226(01)00330-X

Kim, N. Y,, Moon, S. H, Kim, S. ], Kim, E. K,, Oh, M,, Tang, Y.,
Jang, S. Y. (2020). Summer season temperature-humidity
index threshold for infrared thermography in Hanwoo
(Bos taurus coreanae) heifers. Asian-Australasian Journal
of Animal Sciences, 33(10), 1691-1698.
https://doi.org/10.5713 /ajas.19.0762

Luki¢, R. (2023). Application of the LMAW-DNMA method in
the evaluation of the environmental problem in the
agriculture of selected European Union countries. Acta
Agriculturae Serbica, 28(55), 49-61.
https://doi.org/10.5937 /AASer2355049L

Majki¢, M., Cincovi¢, M., Spasojevi¢, |, Blond, B., Stanojevié, .
(2023a). Diurnalna varijacija temperature povrsine tela
kod krava u letnjim mesecima. Veterinarski pregled, 4(1),
15-24.

Majki¢, M., Cincovi¢, M., Spasojevi¢, ], Jozef, I, Blond, B,
Kovacevi¢, D. (2023). Kriva rezilijentnosti I kumulativni
odgovor krava na toplotni stres. Letopis naucnih radova,
47(1), 38-46.

Majki¢, M. Cincovi¢, M.R, Beli¢, B, Plavsa, N, Laki¢, I,
Radinovi¢, M. (2017). Relationship between milk
production and metabolic adaptation in dairy cows
during heat stress. Acta Agriculturae Serbica, XX11(44),
123-131.

Majki¢, M., Plavsa, N., Cincovi¢, M.R,, Beli¢, B., Laki¢, 1. (2020).
Vrednosti indeksa temperature I vlaZnosti vazduha (THI)
u sedam mernih stanica i procena toplotnog stresa krava
na teritoriji Vojvodine. Veterinarski pregled, 1, 83-89.

Martello, L. S., da Luz e Silva, S., da Costa Gomes, R., da Silva
Corte, R. R. P, Leme, P. R. (2016). Infrared thermography
as a tool to evaluate body surface temperature and its
relationship with feed efficiency in Bos indicus cattle in
tropical ~ conditions.  International  Journal  of
Biometeorology, 60, 173-181.
https://doi.org/10.1007/s00484-015-1015-9

Milovanovi¢, S. (2023). The support and contribution of
mobile technologies and applications to agriculture. Acta
Agriculturae Serbica, 28(56), 75-86.
https://doi.org/10.5937 /AASer2356075M

Mota-Rojas, D., Pereira, A. M., Wang, D., Martinez-Burnes, J.,
Ghezzi, M. Hernandez-Avalos, 1, Lendez, P. Mora-
Medina, P., Casas, A., Olmos-Hernandez, A., Dominguez, A.,
Bertoni, A.,, Geraldo, A. D. M. (2021). Clinical applications
and factors involved in validating thermal windows used
in infrared thermography in cattle and river buffalo to
assess health and productivity. Animals, 11(8), 2247.
https://doi.org/10.3390/ani11082247

National Research Council, Committee on Animal Nutrition, &
Subcommittee on Dairy Cattle Nutrition. (2001). Nutrient
requirements of dairy cattle: 2001. National Academies
Press.

Niksi¢, D., Mi¢i¢, N., Ostoji¢-Andri¢, D., Perisi¢, P., Lazarevi¢, M.,
PetriCevi¢, V., &Samolovac, L. (2023). Factors affecting
milk fat variability in primiparous Simmental cows:
Housing methods, origin, and calving season. Acta
Agriculturae Serbica, 28, 131-135.
https://doi.org/10.5937/AASer2356131N

91

Peng, D, Chen, S, Li, G, Chen, ], Wang, ], Gu, X. (2019).
Infrared thermography measured body surface
temperature and its relationship with rectal temperature
in dairy cows under different temperature-humidity
indexes. International Journal of Biometeorology, 63, 327-
336.
https://doi.org/10.1007/s00484-018-01666-x

Rodrigues, A. V. D. S., Martello, L. S., Pacheco, V. M., Sardinha, E.
J. D. S., Pereira, A. L. V., Sousa, R. V. D. (2023). Thermal
signature: A method to extract characteristics from
infrared thermography data applied to the development
of animal heat stress classifier models. Journal of Thermal
Biology, 115, 103609.
https://doi.org/10.1016/j.jtherbio.2023.103609

Salles, M. S. V., da Silva, S. C., Salles, F. A, Roma Jr, L. C,, El Faro,
L., Mac Lean, P. A. B,, de Oliveira, C.E.L., Martello, L. S.
(2016). Mapping the body surface temperature of cattle
by infrared thermography. Journal of Thermal Biology, 62,
63-69.
https://doi.org/10.1016/j.jtherbio.2016.10.003

Sichoongwe, K. (2023). Effectiveness of smallholder farmers'
adaptation to climate extremes: Evidence from the
Southern Province of Zambia. Agricultural Science, 7(1),
19-31.
https://doi.org/10.5937/AASer2355063S

Spasojevi¢, ], Majki¢, M., Cincovi¢, M., Stanojevi¢, J., Blond, B,,
Kovacevi¢, D. Radinovi¢, M. (2023). Povezanost
temperature povrSine tela izmerene infracrvenom
termografijom i indeksa temperature I vlaznosti vazduha
(THI) u proceni toplotnog stresa krava. Letopis naucnih
radova / Annals of Agronomy, 47(1), 58-66.

Stewart, M., Wilson, M. T., Schaefer, A. L., Huddart, F, &
Sutherland, M. A. (2017). The use of infrared
thermography and accelerometers for remote monitoring
of dairy cow health and welfare. Journal of Dairy Science,
100(5), 3893-3901.
https://doi.org/10.3168/jds.2016-12055

St-Pierre, N.R, Cobanov, B. and Schnitkey, G. (2003).
Economic losses from heat stress by US livestock
industries. Journal of Dairy Science, 86, E52 - E77.
https://doi.org/10.3168/jds.S0022-0302(03)74040-5

Tiezzi, F., de Los Campos, G. Gaddis, K. P, &Maltecca, C.
(2017). Genotype by environment (climate) interaction
improves genomic prediction for production traits in US
Holstein cattle. Journal of Dairy Science, 100(3), 2042-
2056.
https://doi.org/10.3168/jds.2016-11543

Yan, G, Liu, K,, Hao, Z,, Shi, Z,, Li, H. (2021). The effects of cow-
related factors on rectal temperature, respiration rate,
and temperature-humidity index thresholds for lactating
cows exposed to heat stress. Journal of Thermal Biology,
100, 103041.
https://doi.org/10.1016/j.jtherbio.2021.103041

Wang, Y., Li, Q,, Chu, M., Kang, X,, Liu, G. (2023). Application of
infrared thermography and machine learning techniques
in cattle health assessments: A review. Biosystems
Engineering, 230, 361-387.
https://doi.org/10.1016/j.biosystemseng.2023.05.002



https://doi.org/10.3390/ani14040616
https://doi.org/10.3390/ani13223451
https://doi.org/10.1016/S0301-6226(01)00330-X
https://doi.org/10.5937/AASer2355049L
https://doi.org/10.5937/AASer2356075M
https://doi.org/10.3390/ani11082247
https://doi.org/10.5937/AASer2356131N
https://doi.org/10.1016/j.jtherbio.2023.103609
https://doi.org/10.5937/AASer2355063S
https://doi.org/10.3168/jds.2016-12055
https://ui.adsabs.harvard.edu/link_gateway/2023BiSyE.230..361W/doi:10.1016/j.biosystemseng.2023.05.002

