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Introduction

The thermal environment has a strong influence on animal welfare and production as it
affects heat transfer mechanisms and, consequently, the regulation of thermal balance
between the animal and its surroundings (Perissinoto and Moura, 2007). One way to assess
the thermal environment to which an animal is exposed is through the Temperature-Humidity
Index (THIs). Index values below 72 indicate absence or minimal heat stress (HS); values
between 72 and 78 indicate mild HS; values from 79 to 88 indicate moderate HS; and values
from 89 to 98 indicate severe HS (Armstrong, 1994). An established indicator of an
organism’s ability to acclimate to hot environments is rectal temperature (RT). The increase
in RT above a threshold indicates that the body’s natural heat dissipation mechanisms are
overloaded and have become ineffective. A similar pattern occurs with respiratory rate (RR),
making RR a valuable physiological variable in HS studies (Dalcin, 2016).

Among the factors that negatively affect the performance of dairy cows, HS is one of the
most important (Kadzere et al., 2002; Souza et al., 2007). In this context, crossbreeding is
used in dairy cattle to produce animals with improved thermoregulatory responses.

The Girolando breed exhibits high genetic potential for milk production in tropical
conditions, as it originates from crosses between parental lineages with different genetic
compositions (GC) from the Holstein (Hol) and Gir breeds. This crossbreeding strategy
exploits heterosis to combine favorable traits such as milk production and robustness. The
GC in Girolando cattle range from 1/4 Hol:3/4 Gir (1/4H), 3/8 Hol:5/8 Gir (3/8H), 1/2
Hol:1/2 Gir (1/2H), 5/8 Hol:3/8 Gir (5/8H), to 3/4 Hol:1/4 Gir (3/4H). Carvalheira et al.
(2021) evaluated the responses of different GC for milk production and reproductive
performance in cows. However, few studies have been conducted on Girolando heifers.
Therefore, the aim of this study was to evaluate the effects of GC and the thermal
environment on thermophysiological traits of Girolando dairy heifers from three GC, raised
on a commercial farm located in Brazil.

Materials & Methods

Data collection was authorized by the Animal Ethics and Use Committee (CEUA) of the
Federal University of Uberlandia (UFU) under the research protocol number
23117.017684/2022-91. Data were collected in July and October 2023 on a farm located in
Morrinhos, Goids, Brazil. According to the Koppen climate classification, the region is
classified as Aw, characterized as tropical with a dry winter (Alvares ef al., 2013). Data from
the previous five years indicated a mean monthly precipitation of 96.99 + 10.26 mm, a mean
air temperature of 23.88 = 0.41 °C, and a mean relative air humidity of 65.50 + 3.23%.
Eighteen healthy Girolando heifers from three GC derived from Holstein x Gir crosses were
used in the experiment, with a mean age of 460 + 29.45 days and a mean body weight (BW)
of 350.11 £ 46.31 kg. The studied group consisted of seven 1/2H heifers, five 3/4H heifers,
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and six 5/8H heifers. The heifers were managed under a continuous grazing system on
Urochloa (Brachiaria) pasture, with natural supplementation and free access to water.

The thermophysiological traits evaluated were RR, RT, and forehead temperature (FT). The
RR was measured by visually counting abdominal respiratory movements per minute. The
RT was obtained using a digital clinical thermometer inserted into the rectum and kept in
contact with the rectal mucosa for three minutes. The FT was measured using a digital
infrared thermometer, positioned approximately 5 cm from the heifers’ frontal region.
Meteorological data were obtained from the “Data Access Viewer” tool of the
NASA/POWER platform using the geographic coordinates of the paddock. The variables
collected were air temperature at 2 meters (dry bulb) (T2M) and relative humidity at 2 meters
(RH2M). The THIs was calculated using the equation proposed by Berman et al. (2016):

THIs =3.43 +1.058 x Ta—0.293 x RH + 0.0164 x Ta x RH + 35.7
where Ta is air temperature (°C), and RH is relative humidity (%).

Graphs were constructed to visualize the relationship between traits and THIs.
Pearson correlation coefficients (r) were estimated between RR, RT, and FT and THIs.
Linear mixed models with repeated measures were fitted, considering the inclusion of all the
effects described in the initial model:

Y = p + GC + shift + BW + age + ageq) + THIs + amp + sea + GC x season + & + €
where Y is the mean of the daily measurements of the evaluated trait (RR, RT or FT); p is the
overall mean; GC is the proportion of Hol genetics in the heifer; shift is the shift of day (B —
morning, C — afternoon) when THIs were recorded; BW is the effect of heifer body weight;
age is the adjusted linear effect of heifer age at the time of the experiment; ageq) is the
quadratic effect of heifer age; THISs is the mean index within the same shift as the mean of the
evaluated variables; amp is the thermal amplitude, obtained as the difference between the
maximum and minimum T2M values for each day and shift; sea is the effect of season; 0; is
the random effect of the heifer; and ¢ is the residual error. The best models fitted for RR, RT,
and FT were chosen based on the Akaike Information Criterion (AIC).

Results & Discussion
Physiological variables increased with rising THIs (Fig. 1). Among them, FT exhibited the
steepest slope, indicating greater sensitivity to climatic conditions.

Figure 1. Scatterplots relating (A) respiratory rate (RR) and the temperature-humidity index,
(B) rectal temperature (RT) and the temperature-humidity index, and (C) frontal temperature
(FT) and the temperature-humidity index (x-axis).

Significant correlations were observed among all variables (Table 1). The RR was weakly
correlated with RT and moderately correlated with FT and THIs, whereas RT showed weak



associations with the other traits. In contrast, FT exhibited moderate correlation with RR and
strong correlation with THIs, consistent with the scatterplots (Fig. 1). Overall, these results
indicate different sensitivities of physiological traits to environmental variation, with FT
being more responsive to thermal conditions and RT remaining comparatively stable.

Tablel. Pearson correlation coefficients (above diagonal) and p-values (below diagonal) for
thermophysiological traits and environment in Girolando heifers during July and October.

Variable' RR RT TF THIs
RR - 0.21 0.51 0.54
RT <0.01 - 0.30 0.28
FT <0.001 <0.001 - 0.95

THIs <0.001 <0.001 <0.001 -

! RR=respiratory rate; RT=rectal temperature; FT=frontal temperature; THIs=temperature-humidity index.

Results from the selected models based on the AIC indicator showed that an increase in RR
(0.42 movements/minute), RT (0.008 °C), or FT (0.34 °C) was expected for each unit
increase in THIs (Table 2). The BW showed a significant negative effect on RR and RT, with
a stronger influence on RR, and a marginal association with FT (p < 0.10; Table 2). These
results indicate that heavier animals tend to exhibit lower RR. Age significantly affected RR
and FT, with higher RR observed in younger animals and a decline in RR with advancing
age, highlighting this effect as an important adjustment factor in thermophysiological models.

Table 2. Effects for the selected model, based on the AIC, according to the studied trait.

Effect! RR? RT? FT? Significance?
Intercept 1143 +£21.1 39.29 £0.24 3.68 £ 1.12 ¥k /okkx [k
THIs 0.42 +0.09 0.008 +0.0023 0.34 £0.012  ** ) *k* [k
BW -0.05+0.02 —0.0039 £ 0.001  -0.006 £ 0.003  ** / *** ]
age -0.46 £ 0.09 - 0.012 £0.003  *** /] wkk
age(q) 0.0006 £ 0.0001 1.89¢-06 + 9.94e-07 - *AkE )] -
CG 3/4H -4.63 £1.39 -0.28 £0.06 -1.06 £0.22  w¥/ wEE [ okkk
CG 5/8H -1.50 £ 1.23 0.03 +£0.05 0.13+0.20 ns/ ns/ns
Sea OCT vs JUL 1.56+2.84 0.05+0.13 —0.66 +£0.36 ns/ns/.
CvsB -1.35+1.36 - 0.76 £ 0.21 ns/ -/ ***
CG3/4H:sea.OUT  -4.38 £2.56 0.47+0.17 - LEE -
CG5/8H:sea.OUT 2.46 £2.42 0.08 £0.16 - ns/ns/ -

! THIs=Temperature-Humidity Index; BW = body weight; age=linear age in days; age(q)=quadratic age in days;
CG = genetic composition; sea = season (OCT: October and JUL: July); B = morning shift; C = afternoon shift.
2 RR=respiratory rate; RT=rectal temperature; FT=forehead temperature. * Significance levels are indicated as
follows: ns (p > 0.1), . (p £0.1), * (p < 0.05), ** (p <0.01), and *** (p < 0.001). The symbol “— denotes
variables not included in the model.

The effect of GC was significant for FT, with mean FT values higher in 1/2H and 5/8H
heifers than in 3/4H heifers (p < 0.001). No statistical difference was found between 1/2H
and 5/8H. For RR and RT, the effect of the interaction between GC and season should be
considered (p < 0.10 and p < 0.01, respectively). In particular, 1/2H heifers showed higher
RR in July, whereas in October the lowest mean RR was observed in 3/4H heifers. The
ranking of GC groups for RT varied with season: in July, 3/4H heifers had lower RT than
1/2H and 5/8H heifers, but in October they presented higher RT values (p<0.013). These
results differ from previous reports in which 3/4H dairy cows showed higher RR without



differences in RT (Cruz, 2016). In bovine populations, greater proportions of taurine genetics
are generally associated with increased RR and RT under heat stress, reflecting lower thermal
tolerance (Costa ef al., 2015). The steeper slopes of RR and FT relative to THI values (Fig. 1)
suggest a more rapid physiological response, indicating that 1/2H and 5/8H heifers may
activate evaporative cooling mechanisms earlier, with RR serving as an early indicator.
Season had no effect on RR or RT, but a marginal effect was observed for FT (p <0.10). The
shift effect influenced only FT (p < 0.001), likely due to increased air temperature and solar
radiation throughout the day.

Conclusions

Forehead temperature proved to be the most sensitive bioindicator of thermal stress in
Girolando heifers, showing strong associations with the temperature—humidity index and
other thermophysiological traits. However, a combined analysis of multiple physiological
indicators is recommended to more comprehensively characterize the animals’ responses to
thermal challenge. Physiological responses in heifers were influenced by both genetic and
environmental factors, as the genetic composition, temperature—humidity index, shift, and
interaction between genetic composition and season were significant depending on the
model. In particular, 3/4H heifers demonstrated greater sensitivity under tropical conditions
as evidenced by their unstable RT across seasons, underscoring the need for genotype-
specific management strategies to support animals with higher proportions of Holstein
genetics during periods of elevated thermal stress, such as spring and summer (warm seasons
in Brazil). In contrast, 1/2H and 5/8H heifers exhibited patterns indicative of faster activation
of heat dissipation mechanisms.
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