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Abstract

Kacang (K) and Kacang Etawah (KE) cross goats are the major goat breeds that are important for farming livelihood and
income and recognized for their tolerance to hot and humid tropical climates. As global warming progresses, the daily maxi-
mum temperature (T,,,,) is predicted to be continuously increased, which will challenge goat production in the future. The
objective of this study was to evaluate the physiological and behavioral responses of the goats to the elevated T,,,. Six K and
six KE female goats were housed in a normal environment (average T,,,,: 33°C; temperature humidity index (THI): 76 to 86)
for 6 weeks and then in a hot environment (average T,,,,: 38°C; THI: 76 to 92) for 7 weeks. During hot conditions, rectal,
rectal surface, and skin temperature, respiration rate, hemoglobin, and cholesterol increased (p < 0.05), whereas glucose
blood levels decreased (p < 0.01). Dry matter (DM) intake was lowered (p < 0.01), and DM digestibility was elevated (p <
0.01), whereas drinking water and body water retention were lowered but varied (p < 0.05) during hot weeks. Lying time
increased during the hot weeks in both breeds (p < 0.01), whereas lying and ruminating as well as total ruminating time was
longer (p < 0.05) in KE goats compared to K goats, which explain the greater (p < 0.05) DM digestibility in KE goats. The

effect of the elevated T, might be less severe since it also depends on the duration of the T,,, and the variation of daily THI.
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Introduction

Population and economic growth in many developing
countries have increased the demand for livestock products
(World Bank 2009). Goat farming is a suitable alternative
livestock farming business for smallholder farmers in South-
east Asia since it contributes significantly to farmers’ liveli-
hoods and agricultural sustainability. Goat farming provides
nutritious food and a source of cash income for products
such as meat, milk, and manure. Furthermore, farmers prefer
goats over large ruminants due to their low investment and
ability to survive and reproduce with simple feeding and
rearing management (Devendra 2011).

The Kacang goat is a small breed of goat that spread
widely throughout the islands of Indonesia and the Malay
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Peninsula and is found sporadically in other Southeast Asian
countries (Lin et al. 2013). Genetic improvement through
crossbreeding with the imported Etawah (Jamnapari) breed
has been programmed to improve the growth rate and milk
yield (Payne and Wilson 1999). However, the sustainability
of goat farming is challenged by a wide range of environ-
mental issues, including climate change.

As global warming progresses, the increase in daily maxi-
mum temperature (T,,,,) and extreme events in the regions
have been documented. The average daily maximum temper-
ature had increased by 0.18 to 0.21°C per decade (Siswanto
et al. 2016; Supari et al. 2017), which seriously challenges
future livestock production. Moreover, the proportion of
livestock potentially exposed to heat stress was predicted
to double by 2050 and be much greater in tropical regions
compared to temperate regions (Thornton et al. 2021). The
negative effects of heat stress on goat performance, physi-
ological and behavioral adaptations have been fully studied
elsewhere (Ribeiro et al. 2018; Gupta and Mondal 2021).
However, information on the behavioral and physiological
responses of the native and cross-breed goats to increased
global warming impacts in tropical and humid regions is
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limited. High temperatures and relative humidity are seri-
ous obstacles to the optimal performance of livestock in the
region since the animal’s heat dissipation is severely limited.

Temperature humidity index (THI) values of 79 or 89
are defined as high or extreme heat stress for the animals,
respectively (Serradilla et al. 2017). When T, exceeds
34°C at 70% relative humidity (RH), for instance, the daily
THI in the lowlands of the tropics is greater than 86. As a
result, the goats are subject to heat stress throughout the
year, and their responses to the increased T,,,, are important
for future adaptation options and the breeding program. The
purpose of this study was to establish the effects of heat
stress on physiological changes and behavioral responses in
Kacang (K) and Kacang Etawa (KE) cross goats.

Materials and methods
Location

The experiment was approved by the Faculty of Agricul-
ture, Universitas Sriwijaya (No. KPPHP-2022-1). The site is
located at 104°39°30.5"E longitude and 3°11°38.4"S latitude
with an average elevation of 6 m. The mean temperature
(°C) is between 25.4 + 0.31 and 30.0 + 0.59 and the RH (%)
ranges from 76.3 + 1.06 to 93.5 + 0.93 on an annual basis.

Experimental animal, feeding management,
and treatments

Six female K and six female KE goats between 7 and 9
months old were used in the present experiment. On an
electronic balance, the goats were weighed at the beginning
of the experiment and then every Sunday morning before
feed offering. The live weights (LW) of K and KE were 9
+ 0.6 and 13 + 0.7 kg, respectively, at the beginning of the
experiment. The goats were then treated with anthelmintics
and placed in individual cages (1.5 m X 0.75 m) in a house
(3.5 m height) with an asbestos roof. Each cage is equipped

with food and water containers and a urine-feces separator
beneath the cage.

The diet consisted of chopped Guinea hay and a concen-
trate mixture (53% corn meal, 30% copra meal, 13% fish
meal, 2% molasses, 1% mineral mix, and 1% common salt).
The concentrate was offered at 3% of LW (Dry matter (DM)
basis) at 9:00, and the hay was offered ad libitum in equal
portions at 9:00 and 16:00. The goats had free access to
drinking water. Subsequently, the goats were accustomed to
the feeding and measurement methods for 30 days.

The entire experiment was conducted from April to
August 2022, and the treatment period (May to August 2022)
was divided into two periods: normal (week 1 to 6) and hot
weeks (week 7 to 13). During normal weeks, the daily maxi-
mum indoor temperature (T, ,.) and RH followed the pattern
of the daily variation in outdoor temperature and RH. During
the hot weeks, the T, ,, was increased from 10:00 to 16:00
with air heaters. The T,,,, was gradually increased to 35°C
within 2 days and then to 36°C at the end of week 7. The
T,.x Was then maintained at < 39.5°C during the hot weeks
period using a digital thermostat (XH W3001). During treat-
ment, THI ranged from 76.4 to 86.4 in the normal weeks and
76.3 to 92.1 in the hot weeks (Table 1). Referring to Ser-
radilla et al. (2017) and Thornton et al. (2021), we assumed
that the maximum THI levels were sufficient to induce heat
stress on the goats.

Experimental measurements, sample collection,
and analysis

The indoor temperature and RH were recorded continu-
ously at 10-min intervals throughout the experiment using
a climate data logger (Benetech G1365). The recorded tem-
perature and RH were then used to calculate the THI (THI=
0.8xTemperature + ((RH/100) X (Temperature — 14.3)) +
46.4) according to Thom (1959).

Body temperature and respiration rate were measured
twice a week when THI levels peaked (13:30 to 14:30).
Rectal temperature (RT) was measured using a digital ther-
mometer (Omron MC-343F), while rectal skin temperature

Table 1 Climatic data collected
during normal (week 1 to

Environmental weeks

6) and high daily maximum 1to6 7 9 11 13

temperature (week 7 to 13)
Maximum temperature (°C)  33.2 + 0.38 35.7+0.51 36.7 £ 0.75 39.7 £ 0.51 39.6 +0.33
Minimum temperature (°C) 25.6+0.18 258+022 254+0.21 25.2 +£0.25 26.0 = 0.30
Maximum RH (%) 88.8+0.36 89.0+046 902+031 904+049 89.9+0.76
Minimum RH (%) 69.8 +137 66.6+141 662+205 586+0.55 64.2+0.68
Maximum THI 86.4+036 89.6+050 90.8+0.70 92.1+050 91.8+0.40
Minimum THI 764 +030 77.1+034 76.6+035 763+031 77.6+0.36

Temperature humidity index (THI) = 0.8XT + (RH/100) X(T — 14.3)) + 46.4 (Thom, 1959), where T is air
temperature and RH is the relative humidity
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(RST) and skin temperature (ST, in shaved areas at the right
shoulder) were measured with an infrared thermometer
(Beureur FT 90) at a distance of +2 cm. Furthermore, a
stopwatch was used to record the respiration rate (RR) by
counting a flank movement when the goats were lying down.
In addition, blood samples were collected once a week on
the day following the measurement of body temperature and
RR. A blood sample (z 2 ml) was collected between 13:30
and 14:30 through the jugular vein into EDTA tubes and
immediately placed in an ice box. The samples were then
transferred to the laboratory for hematological analysis.
Hemoglobin, erythrocytes, leukocytes, hematocrit, mean
corpuscular volume (MCV), mean corpuscular hemoglobin
(MCH), and mean corpuscular hemoglobin concentration
(MCHC) levels were measured with Sysmex XP-100 while
glucose and cholesterol concentrations were measured with
Humastar 100.

To determine DM digestibility, samples of offered and
refused feed as well as feces were collected over 6 consecu-
tive days. The concentrate mixture (+100 g) and Guinea
grass hay (+100 g) were sampled twice a week. Refused
hay and concentrate, as well as feces, were sampled daily.
Subsample of 100 g of refused hay and 100 g of refused
concentrate were collected per animal per day, and +10%
of the daily defecation amount was collected. Afterward, all
samples were oven-dried at 45°C for 3 consecutive days and
then pooled per animal at the end of the week. Dried feed
and fecal samples were ground to pass a 1-mm mesh for
DM analysis (AOAC 2005). The DM intake was calculated
as the difference between the DM amount of feed offered
and refused, whereas DM digestibility was calculated as the
difference between the amount of DM intake and fecal excre-
tion (Ali et al. 2022).

The volume of daily drinking water intake (DWI) was
recorded before feed offerings and then converted to weight
at the end of the experiment. Water refusal was discharged,
and the buckets were cleaned and then refilled. Subsequently,
to estimate the daily evaporative loss, two buckets of water
were placed, and the values were used to correct the DWI.
The feed water intake was calculated from the water content
and the amount of feed intake (Ali et al. 2022).

Daily urinary water excretion was determined by weigh-
ing the urine after filtering and homogenizing. Then, a 40-ml
of urine sample was taken and stored in a freezer at -20°C.
At the end of the experiment, the samples were pooled per
animal, and 3 ml of the sample was dried at 60°C for 24 h
to calculate the water content of the urine. The water in the
fecal excretion was obtained from the water content of the
feces. Body water retention was calculated from the differ-
ence between total water intake and total water excretion in
the urine and feces (Hamzaoui et al. 2013).

The behavioral responses of each animal were observed
twice a week with a camera system for 9 h (10:00 to 19:00).

The recordings were scanned at 5-min intervals for behavior
activities (eating, standing idle, standing and ruminating,
lying idle, lying and ruminating, urination, and defecation
frequency).

Statistical analysis

The data were analyzed using the proc mixed procedure of
the statistical analysis system (SAS Inst., Inc., Cary, NC),
where the week was included in the model together with
the breed and their interactions as fixed effects, whereas the
animal was included as a random effect. The Tukey post hoc
test was applied to compare differences among means. The
significance was determined at p < 0.05.

Results

During the control week, the ambient temperature and hourly
RH fluctuated. The minimum temperature and maximum RH
were found at the dawn (4:30 to 5:30) and conversely, the
maximum temperature and the minimum RH were found in
the afternoon (13:00 to 15:00). The fluctuation also occurred
during hot weeks, except during rainy periods, when tem-
perature decreased while the RH increased (Table 1).
There was a significant (p < 0.01) increase in RT, RST,
ST, and RR during the hot weeks (weeks 7—13) compared to
the control week (week 6). No significant difference in RT
and ST between week 7 and 13, but RST was significantly (p
< 0.01) lower in week 11 compared to week 7 and 9. Moreo-
ver, Hemoglobin and cholesterol concentrations were higher
(p < 0.05) in the hot weeks compared to the control week
while glucose concentrations were significantly (p < 0.01)
lowered during the hot weeks. During the hot weeks, glucose
concentration was higher (p < 0.01) in week 7 compared to
week 9, 11, and 13. Meanwhile, no significant difference was
observed in the levels of erythrocytes, leukocytes, hemato-
crit, MCV, MCH, and MCHC during control and hot weeks.
Moreover, no significant effect of the different breeds was
seen in all parameters of thermo-physiological and hemato-
logical responses while the interaction effect of breed and
the week was seen in the leukocyte concentration (Table 2).
The hay intake was higher (p < 0.01) in week 13 com-
pared to week 6 and 11 while the concentrate intake was
lower (p < 0.01) after week 9 compared to the intake in
week 6. A similar difference was also noted in the total feed
intake where feed intake was decreased during hot weeks.
Meanwhile, concentrate intake was higher (p < 0.01) in the
K than in the KE goat. Moreover, dry matter digestibility
was elevated (p < 0.01) during the hot weeks, whereas, DM
digestibility in KE goat was higher (p < 0.01) compared
to the K goat. Further, there was no significant influence

@ Springer



1760

International Journal of Biometeorology (2023) 67:1757-1764

Table 2 Thermo-physiological and hematological responses of Kacang (K) and Kacang Etawah (KE) cross goats in control (week 6) and hot conditions (week 7 to 13)
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0.7599
0.9931
0.9958
0.4245
0.8378
0.9502
0.0049
0.7343
0.7859
0.9629
0.8855
0.7945
0.6147

0.0002
<.0001
<.0001
0.0319
0.0118

0.1033
0.2529
0.2733
0.3939
0.2354
0.5712
0.2027
0.6483
0.1388
0.5426
0.3420
0.1183
0.1902

0.04
0.04
0.08
431
0.16
0.09
0.67
1.10
1.84
3.06
1.17
0.64
0.60

39.3 39.3 39.2 39.2

39.0 389

39.3

Rectal temperature (°C)

ab 39.5 bc

39.3

39.6
39.4

39.6

39.4 39.1

39.5

Rectal skin temperature (°C)

39.1

39.0
125.7

38.8 379 389
108.4 122.2

39.0
117.6

Skin temperature (°C)

ab

112.4
9.6
33

112.4 ab b
9.3 ab

ab
ab

a

85.9

Respiratory rate (breath/min)

Hemoglobin (g/dL)

9.6

9.2

8.7

2.9
22.5

9.6

8.9
33

233

0.1467
0.2053
0.1576
<.0001
<.0001
0.9527
0.5874
0.6826

33
222

3.1
21.5

32
21.3

3.0
19.8

Erythrocytes (10%/pL)
Leucocytes (10%/pL)

Hematocrit (%)

20.4

36.4

36.8

35.0
60.0

36.1

34.3 32.6

36.4

59.1

57.5

71.3

69.5 90.2

65.7

Glucose (mg/dL)

83.7

85.7
112.7

90.9

84.4
113.2

56.3
110.7

83.5

113.4

76.9
110.9

Cholesterol (mg/dL)

MCV (fL)

111.2

30.1

112.7
30.7

30.3

29.7

324 30.7

28.2

MCH (pg)

26.3 27.3 27.0 27.2

28.7 279

25.6

MCHC (g/dL)

Means within the same row with different superscript are significantly different (p < 0.05), SE standard error, MCV Mean corpuscular volume, MCH Mean corpuscular hemoglobin, MCHC

Mean corpuscular hemoglobin concentration

of breed and week interaction on intake and digestibility
parameters (Table 3).

The total water intake showed significant (p < 0.01) vari-
ation during the experimental weeks, the highest intake was
seen in the control THI (week 6) and the lowest intake was
in week 11 while no significant influence of goat genotype
and breed and week interaction on the water intake param-
eters. The fecal and total water excretion and the body water
retention were significantly (p < 0.05) influenced by the
experimental weeks, while the urinary water excretion did
not differ. The fecal and total water excretions decreased (p
< 0.01) as the increased THI in week 7 and were the lowest
in week 11, while water retention was the lowest at week 9
(Table 3). In addition, the urinary and total water excretion
was influenced (p < 0.01) by the breed and week interaction.

The effects of heat stress on behavioral responses are
shown in Table 4. The ruminating times while lying and
standing were not influenced (p > 0.05) by the elevated THI.
However, the standing idle time was lowered while lying idle
time was increased during hot weeks (p < 0.01). During hot
weeks, the highest total lying time (idle + ruminating) and
the lowest total standing time (idle + ruminating) were seen
in week 11. Drink frequencies in week 6 and 7 were similar
and then significantly (p < 0.01) lowered during week 9 to
13. A significant variation between breeds was observed at
the lying & ruminating time where the time in the KE breed
was significantly (p < 0.01) higher than in the K breed.

Discussion

In the present study, the daily THI was > 79 from 8:00 to
20:00 in the normal and hot weeks, and the maximum THI
levels in the hot weeks (91) were higher than in the con-
trol week (86). According to Thornton et al. (2021), also
using the equation of Thom (1959), a THI of 79 indicates
high heat stress, and a THI above 89 is classified as extreme
heat stress for the goats. Exposing K and KE goats to the
elevated heat stress level had a pronounced impact on their
thermoregulatory systems. The increase in RT, RST, ST,
and RR during the hot weeks illustrated the physiological
acclimatization of the goats to cope with the elevated heat
stress challenge due to the increased THI, though the ani-
mals had already experienced the high daily THI stressor
during the control week. In addition, during the hot weeks,
the thermoregulatory responses did not significantly differ
during the long-term assessment (7 weeks), which bears no
evidence of adaptation to cope with the elevated heat stress.

The high body temperature of the goats due to the
increased THI was broadly reported in the previous stud-
ies (Ribeiro et al. 2018; Gupta and Mondal 2021). Moreo-
ver, The lowered glucose level during the hot weeks could
be associated with a decrease in propionate level or higher
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insulin activity when nutrient intake decreased (Rhoads
et al. 2009). The glucose levels dropped to the lowest level
at week 11 whereas cholesterol levels were elevated and
reached the highest level at week 9. The lowered glucose
levels were also reported in previous studies (Pandey et al.
2012; Hooda and Upadhyay 2014; El-Tarabany et al. 2017);
however, Hamzaoui et al. (2013) showed a non-significant
difference in the glucose levels when DM intake was reduced
at elevated ambient temperatures.

The increased cholesterol level could be attributed
to the mobilization of triglycerides during heat stress
(Ribeiro et al. 2018). Joy et al. (2020) also reported a
similar result, while others reported the opposite result
that heat stress decreased cholesterol levels (Pandey et al.
2012; El-Tarabany et al. 2017; Cardoso et al. 2021). The
lower cholesterol levels may be due to increased total body
water, decreased thyroid activity, and reduced dietary
cholesterol intake (Pandey et al. 2012; Gupta and Mondal

Table 3 Dry matter (DM) intake, digestibility, body water balance, and gain of Kacang (K) and Kacang Etawah (KE) cross goats in control

(week 6) and hot conditions (week 7 to 13)

Parameters Breeds Experimental weeks SE p value
K KE 6 7 9 11 13 Breed Week  Breed*week

DM intake (%LW)

Hay 041 051 045a 042 ab 051 ab 042 a 052 b 0.018 0.1329 0.0002 0.558

Concentrate 2.80 2.35 278 ¢ 2.67 bc 260 b 248 ab 236 0.048 0.0016 <.0001 0.8986

Total 321 2.87 323D 308 ab 3.10 ab 290 a 2.88 a 0.048 0.0348 0.0002 0.7788
DM digestibility (%) 68.1 71.5 669 a 684 ab 719 c 71.6 bc 703 bc 0.56 0.0362 0.0002 0.3242
Water intake (%LW)

Drinking (DWI) 70 65 73 Db 67 ab 66 ab 62 a 70 ab 0.19 0.5565 0.0283 0.0359

Feeding (FI) 0.28 0.25 0.27 a 0.27 a 0.30 b 025 a 026 a 0.005 0.0549 <.0001 0.8836

Total 72 68 76 b 69 ab 69 ab 64 a 72 ab 0.19 0.5333 0.0302 0.039
Water Excretion (%LW)

Urine 26 19 25 2.1 2.5 2.0 2.3 0.13 0.1321 0.1113 0.0028

Feces 09 09 10 b 09 ab 09 ab 08 a 0.8 ab 0.03 0.5736 0.0071 0.9748

Total 36 28 35 b 31 ab 34 b 272 a 32 ab 0.15 0.1381 0.0191 0.008
Body water retention (%LW) 3.7 40 4.1 b 39 ab 34 a 37 ab 41 b 0.11 0.3579 0.0125 0.3275
Daily gain 534 60.5 53.7 59.9 486 0.4694 0.5288 0.8172

Live weight (LW) was measured every week in control (week 1 to 6) and hot conditions (week 7 to 13), Means within the same row with differ-

ent superscript are significantly different (p <0.05), SE standard error

Table 4 Behavioral responses of Kacang (K) and Kacang Etawah (KE) cross goats in control (week 6) and hot conditions (week 7 to 13)

Parameters Breeds Experimental weeks SE  pvalue
K KE 6 7 9 11 13 Breed Week Breed*week

Eating time (min) 170.0 169.0 178.1 1554 167.9 166.7 168.1 3.09 0.7248 0.3079 0.9384
Standing time (min)

Standing idle 103.0 105.7 117.8 b 98.8 ab 1173 b 848 a 101.1 ab 3.01 0.8054 <.0001 0.5387

Standing & ruminating 8.1 158 103 133 9.6 10.0 15.3 1.16 0.0711 0.1607 0.0371

Total Standing 111.1 121.5 1281 b  112.1 ab 1269 ab 948 a 1164 ab 3.24 0.4486 <.0001 0.8975
Lying time (min)

Lying idle 200.8 175.8 1664 a  202.1 ab 1854 ab 2215 b 1846 a  4.62 0.0855 0.0001 0.9648

Lying & ruminating 51.1 684 553 70.0 61.7 60.0 60.0 230 0.0118 0.3811 0.6908

Total lying 2519 2443 2217 a 2721 b 247.1 ab 2815 b 2446 ab 452 0.6601 <.0001 0.9779
Total Ruminating (min)  59.2 84.3 65.6 83.3 71.3 70.0 75.3 270 0.0033 0.1908 0.2639
Drink frequency 387 348 4.00b 4.18b 3.38 ab 3.42 ab 3.00a 0.125 0.2170 <.0001 0.5072
Urination frequency 298 3.02 3.14 2.75 333 2.50 3.17 0.107 0.5310 0.077  0.0305
Defecation frequency 528 4.07 456 3.67 5.17 5.00 4.75 0.208 0.3771 0.2364 0.3165

Means within the same row with different superscript are significantly different (p <0.05), SE standard error
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2021). The increase in cholesterol levels in the present
study could also be attributed to the significant reduction
in body water retention (Table 3).

In this study, the increase in hemoglobin level with
increasing daily heat stress may be related to the increase
in oxygen consumption due to the increase in RR (Ribeiro
et al. 2018). However, a previous study (Sivakumar et al.
2010) reported a decline in hemoglobin levels during heat
stress. Moreover, in the present study, the levels of eryth-
rocytes, leukocytes, hematocrit, MCV, MCH, and MCHC
did not change (p > 0.05). The different responses of hema-
tological parameters in heat-stressed goats were reported
from previous studies: lower levels of hemoglobin and MCH
were reported in dry summer compared to winter in Nubian
goats, while the levels of erythrocytes, leukocytes, MCV,
and MCHC were not different (Abdelatif et al. 2009). On the
other hand, a study in a humid tropical region of Bangladesh
(Alam et al. 2011) reported elevated levels of hemoglobin,
erythrocytes, and leukocytes in heat-stressed goats. The dif-
ferences in hematological responses may be due to the differ-
ences in the physiological state, breed, duration, and severity
of stress (Ribeiro et al. 2018; Gupta and Mondal 2021).

The studies (Ribeiro et al. 2018; Gupta and Mondal
2021) also related the reduced nutrient intake as an adaptive
response to reduced metabolic heat during heat stress. This
is because heat gain from feeding accounts for the majority
of total heat production. Additionally, heat-stressed goats
showed higher DM digestibility. As shown in Table 3, DM
digestibility increased significantly between week 9 to 13.
To the best of our knowledge, there are no data compar-
ing digestibility under heat stress in tropical goat breeds.
The higher digestibility during hot weeks in this study is
consistent with previous studies conducted with lactating
Murciano-Granadina goats (Hamzaoui et al. 2013) and male
Saanen goats (Hirayama et al. 2004). This could be related to
the elevated retention time of ingested feed in the gastroin-
testinal tract as the reduction in DM intake (Ali et al. 2019).
The greater digestibility during the hot weeks might have
compensated for the reduced DM intake and could partially
explain the lack of adverse effects of heat stress on the LW
gain.

In this study, the increasing T, ,, decreased total water
intake from the DWI and dietary water intake. The low-
ered DWI (Table 3) with the decrease in DM intake was
consistent with the decrease in drink frequency (Table 4).
The decline in DWI was different from a previous study
in which T, increased the DWI (Ali et al. 2022). The
difference in response could be partially explained by the
severity of heat stress. The THI reached 92 in this study,
whereas the maximum THI value was 85 in the previous
study. The increased water intake in heat-stressed goats
as a result of the higher loss of evaporative water (Ribeiro
et al. 2018; Gupta and Mondal 2021). However, as the
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level of heat stress increases, the reduction in feed intake
in the current study may have resulted in a reduction in the
drinking water intake.

The increase in daily maximum temperature signifi-
cantly (p < 0.05) lowered fecal and total water excretion.
The lowest level of the water excretion was found at week
11, while the lowest level of body water retention was
observed at week 9. Contrary to that, Hamzaoui et al.
(2013) showed that heat-stressed goats had three times
higher water retention/evaporation than non-stress goats
in a fully controlled environment. Moreover, the study
showed insignificant differences in urinary water excre-
tion with increasing THI. Also, in this study, urinary fre-
quency did not differ between normal and increased THI.
The reduced urinary frequency in heat-stressed goats has
been reported and could relate to the behavioral acclimati-
zation to maintain body fluid balance, as evaporative water
loss from the body increased (Alam et al. 2011; Shilja
et al. 2016).

The treatments had a significant (p < 0.01) effect on the
observed standing and lying parameters, with standing and
lying times showing an inverse trend between normal and
hot weeks. Lying time was significantly (p < 0.01) longer
during the hot weeks, which might be an adaptive mech-
anism to prevent additional heat load from body move-
ments. Heat stress has been found to decrease standing
time and increase lying time in sheep (Li et al. 2018) and
goats (Darcan et al. 2008; Salama et al. 2021; Hartmann
et al. 2021). However, Shilja et al. (2016) reported that
higher THI levels shortened laying time in Osmanabadi
goats. The different responses may occur due to the sever-
ity of stress, adaptability, and breed differences.

Total ruminating time was numerically longer during
the hot weeks and could be associated with the higher
values of DM digestibility. The result is different from that
observed in goats (Darcan et al. 2008) and cows (Moretti
et al. 2017), where heat stress shortened ruminating time.
Additionally, ruminating time (ruminating while lying)
was significantly longer in KE goats than in K goats,
which partly explains the greater DM digestibility in KE
goats (Table 2). Further, as the increase Tmax, the cross-
breeding of the KE breed might have an advantage since
the Etawa breed is native to Uttar Pradesh, which has a
higher daily maximum temperature (Payne and Wilson
1999).

Different goat performances during normal and heat
stress environments were evidenced in the present work and
could be considered for breeding programs under the chang-
ing climate conditions (Thornton et al. 2021). The advantage
associated with crossbreeding (Payne and Wilson 1999) was
shown when KE goats had higher DM digestibility than K
goats, although there was no significant difference in their
growth during the treatment weeks.
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Conclusions

In conclusion, the increased daily maximum temperature
affected the performances of K and KE goats. Their physi-
ological changes and behavioral responses to heat stress
were similar. However, nutrient utilization might be better
in KE goats, which was correlated with the longer duration
of ruminating time. The variety of the responses during
the hot weeks indicates that the severity of the effects of
heat stress might also depend on the duration of the daily
maximum temperature and the fluctuation of hourly tem-
perature and humidity.
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