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Abstract | This study investigated how the Temperature-Humidity Index (THI) combined with controlled exercise
influences thermoregulatory responses, metabolic changes, and resilience in Jawarandu goats under tropical conditions.
A 2 x 3 factorial design was employed, with two THI levels (72—77 and 78-83) and three exercise durations (0, 2, and
4 hours). Measured thermoregulatory parameters included rectal temperature, respiratory rate, heart rate, and body
surface temperature, while metabolic parameters encompassed glucose, NEFA, B-HBA, triglycerides, cholesterol, total
protein, albumin, urea, creatinine, and lactate. We analysed data using a two-way ANOVA with Tukey’s test at a 5%
significance level. We integrated all parameters into an Environmental Resilience Index (ERI) via data normalisation,
and depicted adaptation patterns using radar plots. The interaction between THI and exercise significantly influenced
(P<0.01) most thermoregulatory and metabolic variables. High THI combined with 4 hours of exercise increased
respiratory rate, heart rate, body surface temperature, glucose, NEFA, urea, and lactate, while decreasing triglycerides,
cholesterol, total protein, and albumin, reflecting enhanced energy mobilisation due to heat stress and activity. Radar
plots showed narrower adaptation profiles with higher THI and longer exercise durations. The highest ERI scores
appeared in goats maintained at THI 72-77 without exercise or with 2 hours of exercise, whereas the lowest scores
appeared under THI 78-83 with 4 hours of exercise. These findings suggest that heat load intensifies exercise’s
metabolic effects and confirm that the ERI is a valuable combined indicator for assessing goats’resilience to heat stress
and physical activity in tropical environments.
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INTRODUCTION

lobal climate change has increased the frequency,

duration, and intensity of heat stress, significantly
affecting livestock productivity, health, and welfare,
particularly in tropical regions. In goats, higher ambient
temperatures and humidity raise the Temperature—
Humidity Index (THI), increasing the heat load that must
be dissipated to maintain homeostasis. When the THI
exceeds the thermoneutral range, heat-loss mechanisms
become less effective, triggering compensatory responses
such as increased respiration and heart rate, elevated
body temperature, and shifts in energy metabolism. These
responses aim to maintain physiological functions, but if
prolonged, they can reduce production efficiency, worsen
health, and diminish livestock’s ability to adapt to tropical
environments (Sejian ez a/., 2018; Bernabucci ez a/., 2021).

The Jawarandu goat is an indigenous Indonesian breed,
commonly found on Java Island, especially in West Java.
It is valued for its ability to thrive in tropical climates,
efficiently utilise local forage, and its economic importance
as a meat and, in some areas, milk source. Smallholder
farmers manage most Jawarandu goats through a semi-
intensive system that combines penned housing with
grazing. During grazing, these goats face daily variations
in temperature, humidity, and sunlight, leading to
environmental heat stress and increased heat from physical
activity (Chaves ez a/.,2022; Lees ez al.,2023). Despite their
noted adaptability to tropical conditions, the physiological
and metabolic processes enabling this resilience, especially
under the combined stress of heat and grazing, remain
insufficiently understood (Baird ez a/., 2022; Sejian ez al.,
2018; Brancaccio ez al., 2023).

In addition to environmental factors, physical activity
during grazing increases metabolic heat production
because of higher muscle energy demands. Exercise
stimulates the mobilisation of glucose, free fatty acids
(non-esterified fatty acids; NEFA), and other energy
substrates to sustain muscle activity and metabolic balance
(Mota-Rojas ez al., 2022; Simdes et al., 2024). Under high
THI conditions, increased heat production from physical
activity can amplify the thermal load on livestock, triggering
physiological responses that reflect the interaction between
external heat stress and elevated internal metabolism (EI-
Magd ez al., 2024; Korelidou ez al., 2026). This interaction
affects not only physiological parameters but also energy
metabolite profiles, hormonal balance, stress biomarkers,
and the efficiency of environmental adaptation. Therefore,
evaluating the combination of THI and grazing activity
is crucial for understanding the biological adaptation

mechanisms of local goats in tropical production systems
(Salama ez al., 2024; Simées et al., 2024).

Most previous studies have evaluated heat stress or
exercise separately, using one or more physiological or
metabolic indicators. While this approach has provided
valuable information, it has not fully captured the animal’s
adaptive capacity, as responses to environmental stress
involve complex interactions among physiological systems
(Marcato et al., 2018; Mota-Rojas ez al., 2022), energy
metabolism (Luke ez a/, 2020; Lisuzzo et al., 2024),
and stress mechanisms (Kumar ez a/., 2024; Permana ez
al., 2026). In tropical grazing systems, these two factors
coexist; relying on a single biomarker is often insufficient
to represent livestock biological condition fully. To date,
studies that integrate Jawarandu goats’ physiological and
metabolic responses into a composite index describing
adaptive capacity to the combined effects of THI and
grazing activity remain scarce (Bernabucci ez a/., 2021;
Simées ez al., 2024).

Composite index-based approaches are increasingly used
in physiology and livestock production because they
integrate multiple biological indicators into a single, easily
interpretable value. Building on this concept, the study
developed the Environmental Resilience Index (ERI). This
integrative indicator combines physiological and metabolic
response parameters to assess the adaptive resilience of
Jawa goats to the combined effects of environmental heat
load and grazing activity. In addition to statistical analysis
using Two-way ANOVA, the study utilised radar plot
visualisation to illustrate multidimensional patterns of
change across treatments, enabling more comprehensive
observation of relationships among parameters.

This study aims to evaluate how the interaction between
the Temperature-Humidity Index (THI) and grazing
duration affects the physiological and metabolic responses
of Jawarandu goats, and to develop the Environmental
Resilience Index (ERI) as a quantitative indicator of
adaptive resilience in tropical environments.

MATERIALS AND METHODS

ANIMAL AND EXPERIMENTAL DESIGN

One hundred and eighty male Jawarandu goats, aged
15-17 months, were used in this study. The study lasted
three months. The experimental goats were divided into
six treatment groups, with three replicates of 10 goats
each. Goats were randomly assigned to treatment groups.
Treatments comprised factors A1 (THI = 72-77), A2 (78-
83), and B1 (no grazing), B2 (2 hours of grazing), and B3
(4 hours of grazing). Each experimental unit used a goat
pen measuring 8 x 3 metres. The grazing area measured 50
x 30 metres.

The study monitored the environmental microclimate
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within the cages. Throughout the period, the average
temperature ranged from 23 to 30°C, and humidity from
55 to 90%. We calculated the Temperature-Humidity
Index (THI) using the formula provided by Mushawwir

and Hernawan (2025), as shown below.

THI = (1.8xT, +32) - {(0,55 -0,0055 RH) ((1.8xT , +32)—
58)}

Where T = dry-bulb temperature; RH= relative humidity
obtained based on the difference between dry (T,) and
wet bulb temperatures (T ,)

BLOOD SAMPLING AND RECORDING

Blood samples were collected from each animal once a
month for three months using standard procedures and a
sampling kit that complied with health and safety protocols.
We immediately tested the collected blood to determine
haematological parameters, and prepared some formarker
analysis in accordance with predetermined protocols.

We recorded physiological responses weekly for three
months. For animals receiving grazing, measurements were
taken immediately before the end of the grazing period.

SAMPLE ANALYSIS

A Mindray BC-6200/BC-5150 haematology analyser
was employed to evaluate haematological parameters in
accordance with standard protocols. Metabolic markers
were quantified using a spectrophotometric method
with the Biolabo KIT (Permana et al., 2026), while
muscle markers were measured via ELISA following the

MYBiosource KIT protocol (Luke ez a/., 2020).

DATA ANALYSIS

All data were analysed using IBM SPSS Statistics version
27.0 (IBM Corp., Armonk, NY, USA). The effects of the
Temperature-Humidity Index (THI) levels (72-77 and
78-83), exercise durations (0, 2, and 4 hours), and their
interaction on various parameters were evaluated using
a two-way ANOVA in a 2 x 3 factorial design. Before
analysis, we tested data for normality using the Shapiro—
Wilk test and for homogeneity of variance using Levene’s
test. Significant effects (P < 0.05) were followed by pairwise
comparisons using Tukey’s Honest Significant Difference

(HSD).

To provide a comprehensive understanding of physiological
adaptation, we normalised all thermoregulatory, metabolic,
and stress biomarker parameters to a 0-100 scale using
min-max normalisation. For parameters that increased
with stress—such as rectal temperature, respiratory
rate, heart rate, and lactate—we reversed the scoring so
higher scores consistently reflected better physiological

states. These scores were then aggregated to create the
Environmental Resilience Index (ERI), which indicates
goats’ physiological resilience to the combined impacts
of heat load and exercise (OECD, 2008). We visualised
adaptation patterns with a radar plot based on these
normalised values.

RESULTS AND DISCUSSION

THERMOREGULATORY RESPONSES OF GOATS UNDER
DIFFERENT THI AND EXERCISE

The thermoregulatory responses of Jawarandu goats at
different THI levels and grazing durations are shown in

Table 1.

Most thermoregulatory parameters showed a significant
interaction between THI and exercise duration (P<0.001),
except rectal temperature, which was influenced only by
THI (P<0.001). Neither exercise nor the interaction
significantly affected rectal temperature (P>0.05) (Table
1). Overall, higher THI levels amplified the physiological
response to exercise, as shown by greater increases in
respiratory rate, heart rate, and body surface temperature
in the 78-83 THI group than in the 72-77 THI group.
At lower THI, increasing exercise duration caused
modest physiological changes, whereas at higher THI, the
thermoregulatory response intensified progressively with
longer exercise. This trend was especially clear in respiratory
and heart rates, which rose gradually from the no-exercise
group to the 4-hour exercise group and peaked at 78-83
THI with 4 hours of exercise. Similarly, body surface
temperature followed this pattern, suggesting increased
heat dissipation at higher heat loads. Conversely, rectal
temperature stayed relatively stable as exercise duration
increased but remained elevated at high THI, indicating
that peripheral thermoregulatory mechanisms—such as
increased respiration, heart rate, and heat redistribution—
help maintain core temperature within physiological limits.

The notable interaction between THI and exercise
duration on respiration rate, heart rate, and body surface
temperature shows that as environmental heat load
increases, the thermoregulatory response to physical activity
becomes more pronounced. Under high THI conditions,
exercise increases metabolic heat production, causing
goats to engage heat-loss mechanisms such as heightened
pulmonary ventilation, faster peripheral blood flow, and
heat redistribution to the surface. This physiological
reaction explains the gradual rise in respiration rate, heart
rate, and surface temperature with high THI combined
with 4 hours of exercise. Conversely, the changes at low
THI were less significant. THI solely influenced rectal
temperature and showed no interaction with exercise,
suggesting that thermoregulatory mechanisms effectively

November 2026 | Volume 14 | Issue 11 | Page 2595

%0 .
Qals Links
OResearchers



Advances in Animal and Veterinary Sciences

Tabel 1: Effects of temperature-humidity index (thi) and exercise on thermoregulatory responses of jawarandu goats.

THI Exercise Rectal Temperature ~ Respiration Rate Heart Rate Body Surface Tem-
°C) (breaths min™) (beats min™") perature (°C)
72-77 0h 38.68 + 0.78Bb.f 27.04+0.65Ccf 7699 +0.77Dcf  31.54+0.75Chf
5k 38.72 + 0.65Bb,ef 31.06 + 0.82Bce  8211:071Cce 3217 +0.73Bbe
4h 39.12 + 0.70Ab,d 32.06 + 0.72Bc,de  83.10 + 0.68Cc,de  32.18 + 0.75Bb,de
78-83 0h 39.27 + 0.71Aa,c 43.07+0.76Cac  87.11+0.74Cac  32.96 +0.79Bac
ok 39.92 + 0.73Aa,b 49.03+0.71Bab  94.06+0.77Bab  33.80 + 0.68Ba,b
4h 39.80 + 0.74Aa,a 53.05+0.63Aa,a  113.97+0.71Aaa  35.80 = 0.81Aa,a
P-value THI <0.001 <0.001 <0.001 <0.001
Exercise 0.105 <0.001 <0.001 <0.001
THI x Exercise 0.375 <0.001 <0.001 <0.001

A-C: Means within the same THI level followed by different uppercase letters differ significantly among exercise treatments (P <
0.05); a—b: Means within the same exercise level followed by different lowercase letters differ significantly between THI levels (P <
0.05); a—f (second superscript, after the comma): Means with different letters indicate significant differences among all six THI x
Exercise treatment combinations according to Tukey’s HSD test (P < 0.05).

kept core body temperature within normal limits despite
higher external and internal heat loads (Kumar ez a/., 2024;
Toli et al., 2025).

Current research indicates that the peripheral response
is the first line of defence in maintaining homeothermia.
Core temperature rises only when heat dissipation capacity
is exceeded. Thus, the combination of high THI and
exercise produces a synergistic effect on thermoregulatory
activation without causing an excessive increase in core
body temperature, reflecting goats’physiological adaptation
to heat stress and physical activity (Danso ez a/., 2024; Al-
Ramamneh, 2023; Rodrigues ez al., 2024).

BLOOD METABOLIC ADAPTATIONS TO COMBINED THI
AND EXERCISE

Overall, the interaction between THI and exercise duration
significantly affected most blood metabolic parameters
(P<0.05), including glucose, NEFA, lactate, triglycerides,
total protein, albumin, and urea (Table 2).

The results showed a consistent metabolic response
pattern: the combination of high THI (78-83) and 4
hours of exercise produced the most significant metabolic
changes compared with other treatments. This condition
was characterised by increased concentrations of glucose,
NEFA, urea, and lactate, indicating greater mobilisation of
energy reserves and metabolic activity under simultaneous
heat load and physical activity. Conversely, triglycerides,
cholesterol, total protein, and albumin tended to decrease
with increasing THI and exercise duration, indicating
increased utilisation of energy substrates and shifts in
metabolic balance.

In contrast, B-hydroxybutyrate (B-HBA), cholesterol, and

creatinine did not show a consistent interaction pattern,

so their responses were relatively stable across treatment
combinations. Overall, these results indicate that heat load
strengthens the effect of exercise on metabolic adaptation,
so the resulting physiological responses arise not only
from each factor separately but also from their interaction
in meeting energy needs and maintaining homeostasis
during heat stress.

The significant interaction between THI and exercise
across most metabolic parameters indicates that higher
environmental heat stress amplifies exercise-induced
metabolic shifts. When high THI coincides with exercise,
glucose, NEFA, urea, and lactate rise, signalling activation
of energy-mobilisation mechanisms to meet increased
energy needs during heat stress and muscle work. The
glucose increase likely results from stress hormone-
driven stimulation of glycogenolysis and gluconeogenesis.
Conversely, elevated NEFA suggests enhanced lipolysis,
providing an alternative energy source when energy
demands are heightened. Elevated lactate levels reflect
increased anaerobic glycolysis driven by greater muscle
energy requirements and less efficient heat dissipation
during exercise under high THI conditions (Marcato
et al., 2018; Tanuwiria ez al., 2022; Cray et al., 2022; Al-
Ramamneh, 2023).

Conversely, decreases in triglycerides and cholesterol
indicate increased lipid utilisation as an energy substrate,
while decreases in total protein and albumin indicate a
redistribution of protein metabolism to maintain energy
and osmotic balance (Fanta ez a/, 2024). Interestingly,
B-hydroxybutyrate and creatinine were relatively stable,
indicating that fat-oxidation capacity and kidney function
could still maintain metabolic homeostasis under the
conditions of this study. Overall, these results indicate that
heat load and exercise work synergistically in
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Table 2: Effects of thi and exercise on blood metabolic adaptations of goats.

Parameter THI 72-77 THI 78-83 P P (Exer- P (THI x
0h 2h 4h 0h 2h 4h (THI) cise)  Exercise)

Glucose (mg/ 56.03 + 1.01Aa,c 55.72 56.20 + 55.89 = 57.56 + 59.53 + <0.001 <0.001 <0.001

dL) 1.00Ab,c  1.08Ab,c 0.99Ca,c 0.75Bab 0.82Aaa

NEFA 0.08 £ 0.008Ab,c 0.16 + 0.13 = 0.12 = 0.36 + 0.74 + <0.001 <0.001 <0.001

(mmol/L) 0.224Ab,c  0.013Ab,c 0.018Ca,c 0.013Ba,b 0.096Aa,a

B-HBA 0.60 £ 0.531Aa,a 0.85 + 0.85 + 0.85 + 0.89 + 0.52 + 0.869 0.155 0.015

(mmol/L) 0.285Aa,a 0.275Aa,a  0.283Aa,a 0.244Aa,a  0.034Bb,a

TAG (mg/dL) 28.69 £ 0.78Aa,a 26.06 = 24.66 + 25.68 + 23.72 + 19.47 + <0.001 <0.001  <0.001
0.73Ba,b  0.79Ca,c  0.77Ab,b 0.81Bb,c  0.53Cb,d

Cholesterol 83.74 + 0.76Aa,a  94.95 = 91.67 = 95.70 + 87.65 + 82.68 + 0.237  0.269 0.438

(mg/dL) 0.82Aa,a  0.79Aa,a  0.76Aa,a  0.75Bb,a  1.28Cb,a

Total Protein  86.01 + 0.77Aa,a 85.37 + 85.11 + 83.64 + 81.17 + 78.61 <0.001 <0.001 <0.001

(mg/dL) 0.72ABa,a 0.75Ba,a  0.82Ab,b 0.78Bb,c  0.71Cb,d

Albumin (mg/ 23.56 = 0.78Ba,b 24.70 = 25.14 22.75 22.89 + 20.30 = <0.001 <0.001 <0.001

dL) 0.70Aa,a  0.74Aa,a  0.77Ab,b 0.80Ab,b 0.76Bb,c

Urea (mg/dL) 17.59 £ 0.72Ab,c 17.88 = 17.97 + 18.38 + 19.42 + 21.46 + <0.001 <0.001 <0.001
0.76Ab,c  0.75Ab,c  0.79Ca,c 0.79Ba,b  0.73Aa,a

Creatinine 0.92 + 0.650Aa,a 0.78 = 0.83 = 1.27 + 1.47 + 1.54 + 0.002 0.922 0.647

(mg/dL) 0.602Ab,a 0.688Ab,a 0.722Aa,a 0.692Aa,a 0.723Aa,a

Lactate 1.50 £ 0.74Ab,d 1.49 1.62 + 2.75 + 3.84 + 5.68 = <0.001 <0.001 <0.001

(mmol/L) 0.75Ab,d 0.74Ab,d 0.74Ca,c 0.75Ba,b  0.68Aa,a

A-C: Means within the same THI level followed by different uppercase letters differ significantly among exercise treatments (P <
0.05); a=b: Means within the same exercise level followed by different lowercase letters differ significantly between THI levels (P <
0.05); a—c :(second superscript, after the comma): Means with different letters indicate significant differences among all six THI x
Exercise treatment combinations according to Tukey’s HSD test (P < 0.05).

directing changes in energy metabolism through increased
utilisation of carbohydrates, lipids, and some proteins as
a physiological adaptation strategy to maintain energy
balance during heat stress (Simoes ez al., 2024; Sejian et al.,
2018; Bernabucci ef a/., 2021; Salama ez al., 2024).

ENVIRONMENTAL RESILIENCE INDEX (ERI)

We calculated an integrated assessment of thermoregulatory
and metabolic responses by assigning an index to the THI
condition and to controlled exercise duration through
grazing, as shown in Table 3.

Based on the integration of thermoregulatory, metabolic,
and stress biomarker indicators, the Environmental
Resilience Index (ERI) differed significantly among
treatment combinations (P<0.001). The highest ERI
values were observed in goats maintained at a THI of
72-77 without exercise, whereas the lowest values were
observed in goats maintained at a THI of 78-83 with 4
hours of exercise. This indicates that an increased heat
load, followed by prolonged physical activity, significantly
reduces physiological adaptive capacity. The ERI decline
occurred gradually as THI and exercise duration increased,
indicating a synergistic effect of both factors on the animals’
physiological resilience.

The increased environmental heat load, exacerbated by
exercise, further limits the capacity for physiological

homeostasis. Under these conditions, thermoregulatory
activity increases alongside the mobilisation of energy
substrates, changes in protein and lipid metabolism, and
activation of the stress response to maintain internal
balance. This demonstrates that physiological resilience
results from interactions among multiple biological
systems, rather than being determined by a single
biomarker. Therefore, an index-based approach enables
a more comprehensive evaluation of animal adaptation
than conventional analyses that focus on a single group of
parameters. Integrative index approaches such as the ERI
are increasingly important in supporting the concept of
precision livestock farming because they can summarise
thermoregulatory responses (Mota-Rojas ez al, 2022;
Salama ez al., 2024), metabolism (Santinello ez al., 2024),
and stress into a single, easily interpretable measure, while
providing a scientific basis for decision-making in heat
stress mitigation strategies and exercise management in
goats (Simdes ez al., 2024; Sejian et al., 2018; Bernabucci e#
al., 2021; Polsky and von Keyserlingk, 2017).

'The radar plot (Figure 1) shows that the high-ERI group
was characterised by a stable thermoregulatory response,
a more balanced metabolic profile, and lower stress
biomarkers. Conversely, the low-ERI group showed a
stronger thermoregulatory response, increased energy
mobilisation, and activation of stress mechanisms.
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Table 3: Environmental resilience index (eri) of goats under different thi and exercise.

THI Exercise Thermoregulatory ~ Metabolic Adaptation  Environmental Resilience Resilience
Index Index Index (ERI) Category
72-77 Oh 93.4 +1.6Aaa 91.8 + 1.4Aaa 92.6 + 1.2Aa,a Excellent
72-77 2h 89.6 + 1.5Ba,b 88.5 + 1.3Ba,b 89.1 + 1.0Ba,b Excellent
72-77 4h 84.9 + 1.7Ca,c 84.1 + 1.5Ca,c 84.6 + 1.3Ca,c Good
78-83 Oh 78.8 + 1.8Ab,d 79.2 £ 1.7Ab,d 78.8 + 1.4Ab,d Moderate
78-83 2h 70.7 £ 1.5Bb,e 69.5 + 1.6Bb,e 70.2 + 1.2Bb,e Moderate
78-83 4h 58.9 + 1.8Cb,f 56.8 + 1.7Cb,f 57.7 + 1.5Cb,f Low

A—C: Means within the same THI level followed by different uppercase letters differ significantly among exercise treatments (P <
0.05); a—b: Means within the same exercise level followed by different lowercase letters differ significantly between THI levels (P
< 0.05); a—c (second superscript, after the comma): Means with different letters indicate significant differences among all six THI

x Exercise treatment combinations according to Tukey’s HSD test (P < 0.05). Compiled and categorized based on OECD (2008).

A Rectal B Glucose
temperature 100
100
Lactate

~ Respiration
rate

Body surface
temperature

Heart
rate

Creatinine B-HBA
Urea TAG
Cholesterol

Total

protein  Ajpumin

—e— THI 72-77
+ 0 h exercise

—e— THI 72-77
+ 2 h exercise

—e— THI 72-77

+ 4 h exercise

—e— THI 78-83
+ 0 h exercise

—e— THI 78-83
+ 2 h exercise

—e— THI 78-83
+ 4 h exercise

Figure 1: Radar plot of the physiological and metabolic adaptation profile of goats to the combination of THI and

exercise duration.

Figure 1 presents the physiological and metabolic adapta-
tion profiles of goats to the combination of THI and exer-
cise duration, based on snormalised parameters. In general,
both radar plots show a consistent pattern: the polygon
area decreases as THI and exercise duration increase. In
Figure 1A, the 72-77 THI group without exercise exhib-
ited the largest polygon area, reflecting the most stable
thermoregulatory conditions. Conversely, the combination
of 78-83 THI with 4 hours of exercise produced the small-
est polygon area, indicating an increased thermal load and
a reduced capacity for physiological adaptation. A simi-
lar pattern is observed in Figure 1B, where the metabolic
profile gradually shifted as heat stress and physical activity

increased.

'The low THI group preserved a better metabolic balance.

Conversely, the high THI group subjected to extended
exercise exhibited a reduced radar area, suggesting high-
er energy mobilisation and changes in metabolic homeo-
stasis. The similar patterns between thermoregulatory and
metabolic radar suggest that physiological and metabolic
responses are coordinated in response to heat load and ex-
ercise.

'The radar plot (Figure 1) shows that simultaneous increas-
es in THI and exercise duration limit goats’ physiological
and metabolic adaptation, indicating a reduced capacity
to maintain homeostasis. This pattern demonstrates that
thermoregulatory and metabolic responses work in concert
to handle increased heat production and energy demands
during heat stress. Consequently, the radar visualisation
effectively captures multidimensional changes that are
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difficult to identify through individual parameters. These
findings support using the Environmental Resilience In-
dex (ERI) as a comprehensive measure for evaluating live-
stock’s physiological resilience under the combined pres-

sures of heat load and exercise (Sejian ez a/., 2018; Simoes
et al., 2024; Bernabucci ez al., 2021).

CONCLUSIONS

High THI combined with boosts  the
thermoregulatory response and affects goat metabolic
adaptation by elevating energy mobilisation to maintain
homeostasis. The Environmental Resilience Index (ERI)
integrates various physiological and metabolic indicators
into a single comprehensive measure that differentiates
goat resilience to heat stress and physical activity.
This approach could be a valuable tool for evaluating
physiological resilience in goat production systems in
tropical areas. Incorporating 2 hours of exercise at a THI
of 72-77 appears feasible and advantageous for animal
welfare.

exercise
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