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Abstract
The objective of this experiment was to evaluate the influence of summer heat stress on physiological and behavioral responses of
Osmanabadi, Salem Black, and Malabari goats. The study also evaluated the differences in heat shock protein 70 (HSP70)
expression pattern between these breeds. The study was conducted over 45 days during summer (April–May) using 36 1-year-
old female goats by randomly allocating them into six groups with six animals in each group: Osmanabadi control (Osmanabadi
CON), Osmanabadi heat stress (Osmanabadi HS), Malabari control (Malabari CON), Malabari heat stress (Malabari HS), Salem
Black control (Salem Black CON), and Salem Black heat stress (Salem Black HS). The Osmanabadi CON, Malabari CON, and
Salem Black CON animals were housed in a shed while the Osmanabadi HS, Malabari HS, and Salem Black HS groups were
subjected to heat stress by exposing them to outside environment between 1000 and 1600 h during the experimental period. All 36
animals were provided with ad libitum feed and water. The data generated were analyzed by general linear model (GLM) repeated
measurement analysis of variance. Results indicated that the drinking frequency (DF) was higher (p < 0.01) in heat stress groups
(12.58, 12.25, and 10.75 times for the Osmanabadi HS, Malabari HS, and Salem Black HS, respectively) as compared to their
respective control groups (5.67, 6.25, 5.58 times for the Osmanabadi CON, Malabari CON, and Salem Black CON, respectively).
Water intake (WI) also showed similar trend to DF. The urinating frequency also (UF) differed between breeds with lower value
(p < 0.05) recorded in the SalemBlack HS (1.5 times) compared to theMalabari HS (2.92 times). The highest (p < 0.05) rumination
time (RuT) was recorded in the Malabari HS (48.00 min) than both the Osmanabadi HS (20.91 min) and Salem Black HS
(23.67 min). The heat stress increased (p < 0.05) all physiological variables at 1400 h. The findings of this study suggest RR,
RT, and PBMC HSP70 are reliable biological markers for evaluating thermo-tolerance capacity of indigenous goat breeds.
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Introduction

Climate change has been forecasted to negatively influence
the animal production in the coming decades (Rojas-

Downing et al. 2017). The livestock in developing countries
are more affected by the adverse effects of heat stress primar-
ily due to the extensive rearing systems (Stocker 2014). In
these regions, it is expected that animal productivity will re-
duce approximately 25% (Seguin 2008). This projected reduc-
tion in animal production by heat stress could be due to the
reduced growth, milk and meat production, feed utilization,
and performance (Rojas-Downing et al. 2017).

The genetic potential of individual animals determines their
vulnerability to heat stress. Further, the variations in efficiency
of the adaptive responses determine the ability of the animals
to adapt to a particular adverse environmental condition
(Silanikove and Koluman 2015). Breed difference was
established in ruminant animals for thermo-tolerance which
was specific to a particular agro-ecological zone (da Silva
et al. 2017). Tropical and sub-tropical indigenous breeds are
known to have a greater adaptive capacity to stressful
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conditions than non-indigenous breeds (Habibu et al. 2016).
Therefore, selection of breeds that are adapted based on geno-
typic trait is a promising strategy to tackle the climate change-
associated adverse consequences in livestock production.

Adaptation refers to the different mechanisms by which
the animals cope with harsh climatic condit ions
(Ratnakaran et al. 2017). On encountering an environmen-
tal challenge, the animals respond to the situation by alter-
ing its behavioral, physiological, biochemical, neuroendo-
crine, and molecular mechanisms. The behavioral re-
sponses comprise reduced feed intake, decreased urinating
and defecating frequencies, increased water intake, in-
creased lying time, reduced standing time, increased drink-
ing frequency, and shade-seeking behavior (Alam et al.
2013). Further, the animals withstand the adverse impact
of heat stress by altering their physiological mechanisms
such as respiration rate (RR), rectal temperature (RT), and
skin temperature (ST) (Manjari et al. 2015; Shilja et al.
2016). Adaptation of animals based on different phenotyp-
ic traits primarily modifies their behavioral or metabolic
response which helps them to survive the stress and im-
parts them the ability to cope with such subsequent chal-
lenges (Al-Haidary et al. 2012). Apart from these pheno-
typic traits, the animals also adapt to heat stress challenges
by altering their genotypic traits, and a heat shock protein
70 (HSP70) gene is the classical heat stress-associated ge-
netic marker in heat stressed goats (Gupta et al. 2013;
Banergee et al. 2014). The HSPs are highly conserved
stress proteins which are expressed in response to environ-
mental stresses which impart the stress tolerance ability to
goat. Although, there are studies on phenotypic traits and
HSP70 role in livestock adaptation, there are limited stud-
ies investigating these adaptive traits in different indige-
nous breeds available.

The superior genetic merits of indigenous animals in
adapting to heat stress challenges as compared to non-
indigenous and crossbred animals project them to be the
future animals to ensure food security (Katiyatiya et al.
2017). Although the native breeds possess ability to survive
in specific location, there could be differences in their ca-
pacity to adapt when they are shifted to other ecological
zone. Further, there could be differences among the indige-
nous breeds to maintain their productive performance when
relocated to new locations. Information and research at-
tempts are therefore necessary to select the best indigenous
breed which apart from adapting to a particular agro-
ecological zone may also produce optimally. Therefore, a
study was conducted to assess the resilience capacity of
three indigenous (Osmanabadi, Malabari, and Salem
Black) goat breeds to heat stress. The specific objective of
the study was to compare the resilience capacity of the three
breeds based on changes in their phenotypic traits and
HSP70 gene expression patterns.

Materials and methods

Location

The study was conducted at the experimental livestock unit of
the ICAR-National Institute of Animal Nutrition and
Physiology, Bengaluru, India, during summer season (April–
May). The maximum-minimum temperatures, relative humid-
ity, dry and wet bulb temperature, and pen surface temperature
during the study period (45 days) are listed in Table 1. From
these data, THI was calculated as described by McDowell
(1972) THI = 0.72 (Tdb + Twb) + 40.6, where Tdb = dry bulb
temperature in degrees Celsius; Twb = wet bulb temperature in
degrees Celsius. The THI during the study period was
reflected in Fig. 1.

Animals and housing

Osmanabadi, Malabari, and Salem Black are the three goat
breeds selected for the study. The study was conducted using
10- to 12-month-old 36 female goats (twelve each in
Osmanabadi, Malabari, and SalemBlack breeds). The animals
were maintained as per standard management practices in
well-ventilated sheds. The Osmanabadi breed is native to the
experimental location. However, the other two breeds are
brought from different hot humid zones in southern India.
These two breed animals were brought to the experimental
location and acclimatized for the feeding and handling proce-
dures. The animals were considered acclimatized when they
were feeding normally in addition to coping with the handling
procedures during individual feeding.

At the start of study, the average body weights of
Osmanabadi, Malabari, and Salem Black breeds are 16.92 ±
0.82, 13.44 ± 0.83, and 16.69 ± 0.99 kg, respectively.
Similarly, the average BCS of these breeds in a scale of 1–5
points are 2.37 ± 0.16, 2.12 ± 0.13, and 2.37 ± 0.09, respec-
tively. Malabari is a pure white color breed while both
Osmanabadi and Salem Black goats are pure black in color
(Thiruvenkadan et al. 2014).

The animals were housed in a well-ventilated shed which
had an east-west orientation. The shed description along with
standard management and prophylactic measures followed in
the study are described by the previous published reports
(Bagath et al. 2016; Archana et al. 2018).

Experimental design

The experimental animals were randomly allocated into six
groups with six animals in each group: Osmanabadi control
(Osmanabadi CON), Osmanabadi heat stress (Osmanabadi
HS), Malabari control (Malabari CON), Malabari heat stress
(Malabari HS), Salem Black control (Salem Black CON), and
Salem Black heat stress (Salem Black HS). Before allocation
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into the specific groups, the body weight of all animals was
recorded in each breed, and based on body weight of 12 avail-
able animals in each breed, grouping was done randomly by
allocating the animals in such a way that their average body
weights were similar between the groups in each breed. The
duration of the study was 45 days. All 36 animals were pro-
vided with ad libitum feed and water. The animals were stall-
fed with a diet consisting of 60% roughage which comprises
Hybrid Napier and 40% concentrate comprising maize, wheat
bran, soybean meal, mineral mixture, and common salt. The
roughage and concentrate were provided as a mixed ration.
The animals were fed twice at 800 h and 1800 h, and the
residues were recorded prior to next feeding. The
Osmanabadi CON, Malabari CON, and Salem Black CON
animals were maintained in the shed in, while the
Osmanabadi HS, Malabari HS, and Salem Black HS animals
were subjected to heat stress by exposing them to outside
environment between 1000 to 1600 h during the experimental
period. The Osmanabadi CON, Malabari CON, and Salem
Black CON animals were fed and watered inside the shed,
while the Osmanabadi HS, Malabari HS, and Salem Black
HS animals were fed and watered while they are exposed to
summer heat stress in the outside environment. The

Osmanabadi HS, Malabari HS, and Salem Black HS animals
were also kept housed along with the control animals inside
the shed between 16.00 and 10.00 h. The animals were housed
in separate pen inside the shed where they were fed and
watered individually as per control animals. Under these ex-
perimental conditions, the behavioral responses were recorded
on days 0 and 45 of the study. Physiological responses were
recorded twice daily (8.00 h and 14.00 h) at 14 days interval
(day 0, day 15, day 30, and day 45). However, blood collec-
tion was carried out only on day 45 for peripheral blood
mononuclear cell (PBMC) isolation for HSP70 expression.

Variables studied

Behavioral responses

Standing time (ST; min), lying time (LT; min), drinking
frequency (DF; no. of times), defecation frequency (DeF;
no. of times), urination frequency (UF; no. of times), and
rumination time (RuT; min) are the behavioral variables
recorded in the study. These variables were recorded by
observing closely the individual animals for 6 h (1000–
1600 h) continuously, on day 0 and day 45 of the experi-
ment. All the behavioral responses were recorded manually
using a stopwatch. Standing time refers to the average time
that the animals were standing, walking, running, and
playing until sitting or lying down. Lying time is defined
as the total time spent by each group of animals in lying
position. Drinking frequency refers to the number of times
the animals were near the water trough with the intension
to drink water during the 6-h duration. Water intake was
measured based on the total water intake of the animals.
Rumination time was determined by observing the jaw
movement continuously by close supervision and record-
ing the duration using a stopwatch. Urine and fecal exer-
tion frequency refers to the number of times the animals
excreted urine and feces, respectively. All the behavioral
variables were recorded as per the method described by
Alam et al. (2013). The water was measured and offered
to the animals, and the residues were recorded to calculate
the water intake (WI; L/day) at every 14-day interval.

Table 1 Average climatological data for the study duration highlighting the differences in micro environment between inside and outside the shed

Time of recording DBT (°C) WBT (°C) MaxT (°C) MinT (°C) RH (%) AT (°C) PST (°C)

Inside the shed Forenoon (8:00 h) 23.2 ± 0.11 17.5 ± 0.17 41.5 ± 1.40 22.5 ± 0.92 56.7 ± 1.76 26.6 ± 0.31 25.5 ± 0.20

Afternoon (14:00 h) 26.0 ± 0.16 21.6 ± 0.15 44.6 ± 0.94 24.1 ± 1.02 37.1 ± 1.62 34.2 ± 0.22 30.6 ± 0.46

Outside the shed Forenoon (8:00 h) 24.5 ± 0.55 21.2 ± 0.30 44.0 ± 1.27 23.0 ± 0.93 58.6 ± 2.54 28.8 ± 0.61 29.5 ± 0.61

Afternoon (14:00 h) 34.6 ± 0.37 29.1 ± 0.43 44.9 ± 0.81 24.4 ± 1.27 29.1 ± 1.75 39.9 ± 0.63 47.4 ± 0.76

DBT, dry bulb temperature;WBT, wet bulb temperature;MinT, minimum temperature;MaxT, maximum temperature; RH, relative humidity; AT, ambient
temperature; PST pen surface temperature
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Fig. 1 Description of average THI for the entire study duration between
inside and outside the shed. The THI values were calculated as per
method described by McDowell (1972). Accordingly, the formula used
was THI = 0.72 (Tdb + Twb) + 40.6, where Tdb = dry bulb temperature in
degrees Celsius; Twb = wet bulb temperature in degrees Celsius. The THI
values 72 and less are considered comfortable, THI values between 75
and 78 are considered stressful, and THI above 78 is considered extreme
distress
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Physiological responses

Respiration rate (RR), pulse rate (PR), rectal temperature
(RT), and body surface temperature (BST) are the physiolog-
ical variables recorded in the study. All the physiological var-
iables were recorded as per the standard method as described
by Shilja et al. (2016).

Blood collection

Blood samples of 8 mL were collected from the external jug-
ular vein on day 45 using 20 gauge sterilized needles and a
plastic syringe in ethylenediaminetetraacetic acid (EDTA)-
coated vials at 1100 h from all animals. The HSP70 mRNA
expression was carried out only from the day 45 blood sam-
ples. The purpose of this is to get the cumulative effect of heat
stress on day 45. Immediately after collection, the blood sam-
ples were transferred to a tray containing ice cubes to maintain
cold chain until transported to a laboratory. In the laboratory,
the blood samples were stored at 4 °C refrigeration and the
samples were processed on the same day for isolation of
PBMC.

Expression patterns of PBMC HSP70

The PBMCwas isolated using RBC lysis buffer. The protocol
used for total RNA isolation, cDNA synthesis, primer se-
quences for amplifying HSP70 and GAPDH gene, and rela-
tive expression of these genes by real-time qPCR are as per the
protocol described by Shilja et al. (2016). The primer se-
quences for both HSP70 and GAPDH genes are described in
Table 2. The GAPDH gene was used as housekeeping gene to
serve as internal control, and the relative expression HSP70
gene was quantified as per the formula 2ΔΔCT (Shilja et al.
2016).

Statistical analysis

Prior to subjecting for statistical analysis, all the variables
were subjected to Shapiro-Wilk normality test. The data gen-
erated from the study was analyzed by general linear model
(GLM) repeated measurement analysis of variance employing

only the main effects in the model (SPSS 18.0). The fixed
factors breed effect (Osmanabadi, Malabari, Salem Black)
and treatment effect (control, heat stress) were taken as be-
tween subject factor, and days of study (day 0, day 15, day 30,
and day 45) were taken as within subject factor in the model.
The model also included breed × treatment interaction. The
relative expression of HSP70 gene in relation to the reference
gene was analyzed by one-way analysis of variance
(ANOVA) using SPSS (18.0) software. To compare the means
of different subgroups of all variables studied, Tukey’s post
hoc test was performed.

Results

Behavioral responses

The behavioral responses after heat stress exposure in
Osmanabadi, Malabari, and Salem Black goat breeds are de-
scribed in Table 3. Breed did not influence the behavioral
variables ST, LT, DF, DeF, and WI. However, breed influ-
enced both UF (p < 0.05) and RuT (p < 0.01). The UF was
1.83, 2.17, and 1.08 in Osmanabadi, Malabari, and Salem
Black breeds, respectively. Similarly, the RuT was 37.25,
65.50, and 40.83 in Osmanabadi, Malabari, and Salem
Black breeds, respectively. Heat stress increased (p < 0.01)
both DF and WI in all Osmanabadi HS, Malabari HS, and
Salem Black HS as compared to their respective control ani-
mals. Although water intake was recorded at 24.00 h, still the
higher rate of water intake during heat stress exposure period
(1000 to 1600 h) in all HS groups was enough to bring in the
difference in 24.00 h water intake between the control and
heat stress groups. However, in all three breeds, both UF
and RuT did not differ between their control and heat stress
groups. Furthermore, day of study influenced all the behav-
ioral variables (ST (p < 0.01), LT (p < 0.05), DF (p < 0.01), UF
(p < 0.01), RuT (p < 0.01), and WI (p < 0.01)) except DeF.

Physiological responses

Physiological responses after heat stress exposure both at
morning (8.00 h) and afternoon (14.00 h) in Osmanabadi,

Table 2 Description of primer sequences of HSP70 and GAPDH genes

Gene ID Primers Primer sequence (5″–3″) Primer length (bp) Product size (bp) Accession no.

HSP70 F TGGCTTTCACCGATACCGAG 20 167 NM001285703.1

R GTCGTTGATCACGCGGAAAG 20

GAPDH F GGTGATGCTGGTGCTGAGTA 20 265 AF030943

R TCATAAGTCCCTCCACGATG 20

bp base pair, HSP70 heat shock protein 70, F forward, R reverse, GAPDH glyceraldehyde 3-phosphate dehydrogenase
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Malabari, and Salem Black goat breeds are described in
Table 4. Breed influenced (p < 0.01) both pulse rate morning
(PRM) and rectal temperature morning (RTM), while the res-
piration rate morning (RRM) did not show any variation. In
addition, heat stress reduced (p < 0.01) RRM only in
Osmanabadi HS (22.04) as compared to Osmanabadi CON
group (26.02). Further, breed influenced all the physiological
responses (p < 0.01) at 14.00 h. In addition, heat stress
(p < 0.01) increased respiration rate afternoon (RRA) and

rectal temperature afternoon (RTA) in all the three breeds.
The RRA in Osmanabadi HS, Malabari HS, and Salem
Black HS groups were 116.31, 110.02, and 87.42, respective-
ly. Further, the RTA in Osmanabadi HS, Malabari HS, and
Salem Black HS groups were 40.05, 40.35, and 39.88, respec-
tively. Furthermore, day of study (p < 0.01) influenced all the
physiological responses except RTA. However, pulse rate af-
ternoon (PRA) was higher (p < 0.01) only in Malabari HS as
compared to Malabari CON group.

Table 3 Breed and heat stress impact on behavioral responses in three indigenous goat breeds

Attributes Days Treatments

Osmanabadi
CON

Osmanabadi HS Malabari CON Malabari HS Salem Black
CON

Salem Black
HS

Breed TRT DAY

ST (min) 0 140.50 148.33 132.33 132.83 196.00 198.33 NS NS **

45 153.33 244.00 204.33 227.00 191.33 142.83

Mean 146.92a 196.17a 168.33a 179.92a 193.67 a 170.58a

Pooled SE ± 16.55 ± 16.55 ± 16.55 ± 16.55 ± 16.55 ± 16.55

LT (min) 0 219.50 211.67 227.67 227.17 164.00 161.67 NS NS *

45 206.67 116.00 178.00 133.00 168.67 217.17

Mean 213.08a 163.83a 202.83a 180.08a 166.33a 189.42a

Pooled SE ± 16.85 ± 16.85 ± 16.85 ± 16.85 ± 16.85 ± 16.85

DF (no. of times) 0 2.67 3.17 3.17 3.50 2.83 2.83 NS ** **

45 8.67 22.00 9.33 21.00 8.33 18.67

Mean 5.67c 12.58a 6.25bc 12.25a 5.58c 10.75ab

Pooled SE ± 1.08 ± 1.08 ± 1.08 ± 1.08 ± 1.08 ± 1.08

DeF (no. of times) 0 3.33 3.67 3.17 3.00 3.33 3.33 NS NS NS

45 4.33 1.33 3.33 2.33 4.00 0.67

Mean 3.83a 2.50a 3.25a 2.67a 3.67a 2.00a

Pooled SE ± 0.65 ± 0.65 ± 0.65 ± 0.65 ± 0.65 ± 0.65

UF (no. of times) 0 2.00 2.50 3.33 3.17 1.50 1.67 * * **

45 1.67 1.33 1.00 2.67 0.67 1.33

Mean 1.83ab 1.92ab 2.17ab 2.92a 1.08b 1.5 ab

Pooled SE ± 0.40 ± 0.40 ± 0.40 ± 0.40 ± 0.40 ± 0.40

RuT (min) 0 49.67 41.83 70.67 67.00 42.50 47.33 ** ** **

45 24.83 0 60.33 29.00 39.17 0

Mean 37.25ab 20.91b 65.50a 48.00ab 40.83ab 23.67b

Pooled SE ± 8.52 ± 8.52 ± 8.52 ± 8.52 ± 8.52 ± 8.52

WI (L/day) 0 1.08 5.00 0.73 3.37 0.77 4.67 NS ** **

15 0.87 2.08 0.61 2.27 0.71 2.53

30 0.77 3.25 0.78 3.05 0.53 2.53

45 0.88 2.47 0.97 2.22 0.87 2.15

Mean 0.90b 3.2a 0.77b 2.73a 0.72b 2.97a

Pooled
SE

± 0.14 ± 0.14 ± 0.14 ± 0.14 ± 0.14 ± 0.14

Values bearing different superscripts within the row on the respective mean values differ with each other at p < 0.05

Osmanabadi CON, Osmanabadi control; Osmanabadi HS, Osmanabadi heat stress; Malabari CON, Malabari control; Malabari MHS, Malabari heat
stress; Salem Black CON, Salem black control; Salem Black HS, Salem black heat stress; TRT, treatment; Breed*TRT*Day, breed treatment and day
interaction; ST, standing time; LT, lying time; DF, drinking frequency; DeF, defecating frequency; UF, urinating frequency; RuT, rumination time,WI,
water intake; SE, standard error; NS, non-significant

**p < 0.01; *p < 0.05
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Body surface temperature

Body surface temperature at the head, shoulder, and flank after
heat stress exposure of the Osmanabadi, Malabari, and Salem

Black goat breeds both during morning and afternoon are
described in Table 5. Breed influenced all the body surface
temperature variables (body surface temperature head morn-
ing (BSTHM; p < 0.05), body surface head afternoon

Table 4 Breed and heat stress impact on physiological responses in three indigenous goat breeds

Attributes Days Treatments

Osmanabadi
CON

Osmanabadi HS Malabari CON Malabari HS Salem Black
CON

Salem Black
HS

Breed TRT DAY

RRM (breaths/min) 0 35.75 35.48 35.62 35.98 35.73 2 NS ** **

15 22.33 18.00 23.00 25.00 19.67 21.33

30 21.33 17.33 21.00 18.67 18.67 19.50

45 24.67 17.33 22.00 19.33 19.67 20.67

Mean 26.02a 22.04b 25.4a 24.75ab 23.43ab 24.30ab

Pooled SE ± 0.671 ± 0.671 ± 0.671 ± 0.671 ± 0.671 ± 0.671

RRA (breaths/min) 0 36.02 35.92 36.32 36.08 36.45 36.33 ** ** **

15 36.50 143.33 34.00 141.33 32.00 106.00

30 25.50 144.00 25.50 131.33 23.50 100.00

45 28.67 142.00 24.50 131.33 23.33 107.33

Mean 31.67c 116.31a 30.08c 110.02a 28.82c 87.42b

Pooled SE ± 2.31 ± 2.31 ± 2.31 ± 2.31 ± 2.31 ± 2.31

PRM (beats/min) 0 51.50 49.33 56.33 59.33 57.67 54.00 ** NS **

15 51.50 49.33 56.33 59.33 57.67 54.00

30 60.67 54.00 58.00 80.67 60.00 59.67

45 55.33 54.00 57.50 70.67 55.67 56.00

Mean 54.75b 51.67b 57.04b 67.50a 57.75b 55.92b

Pooled SE ± 1.84 ± 1.84 ± 1.84 ± 1.84 ± 1.84 ± 1.84

PRA (beats/min) 0 69.33 67.33 76.00 73.00 69.33 65.33 ** ** **

15 69.33 67.33 76.00 73.00 69.33 65.33

30 72.67 80.00 73.83 96.00 68.67 77.33

45 65.67 84.00 67.50 95.33 65.83 72.67

Mean 69.25b 74.67b 73.33b 84.33a 68.29b 70.17b

Pooled SE ± 1.88 ± 1.88 ± 1.88 ± 1.88 ± 1.88 ± 1.88

RTM (°C) 0 38.70 38.62 38.63 38.97 38.78 38.43 ** * **

15 38.30 38.25 38.58 38.88 38.32 37.78

30 37.90 37.62 38.45 38.37 37.97 37.38

45 37.97 37.32 38.50 37.92 37.78 37.12

Mean 38.22ab 37.95ab 38.54a 38.53a 38.21ab 37.68b

Pooled SE ± 0.14 ± 0.14 ± 0.14 ± 0.14 ± 0.14 ± 0.14

RTA (°C) 0 39.10 39.43 39.47 39.98 39.53 39.27 * ** NS

15 39.33 40.43 39.58 40.68 39.67 40.12

30 39.32 40.33 39.40 40.50 39.02 40.18

45 39.15 40.02 39.18 40.25 39.10 39.95

Mean 39.23c 40.05a 39.41bc 40.35a 39.33c 39.88ab

Pooled SE ± 0.11 ± 0.11 ± 0.11 ± 0.11 ± 0.11 ± 0.11

Values bearing different superscripts within the row on the respective mean values differ with each other at p < 0.05

Osmanabadi CON, Osmanabadi control; Osmanabadi HS, Osmanabadi heat stress; Malabari CON, Malabari control; Malabari MHS, Malabari heat
stress; Salem Black CON, Salem black control; Salem Black HS, Salem black heat stress; TRT, treatment; Breed*TRT*Day, breed treatment and day
interaction; RRM, respiration rate morning; RRA, respiration rate afternoon; PRM, pulse rate morning; PRA, pulse rate afternoon; RTM, rectal temper-
ature morning, RTA, rectal temperature afternoon; SE, standard error; NS, non-significant

**p < 0.01; *p < 0.05
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(BSTHA; p < 0.01), body surface temperature shoulder after-
noon (BSSTSA; p < 0.01), body surface temperature flank
morning (BSTFM; p < 0.01), and body surface temperature

flank afternoon (BSTFA; p < 0.01) except body surface tem-
perature shoulder morning (BSTHM). Further, heat stress
treatment reduced (p < 0.01) BSTFM only in the

Table 5 Breed and heat stress impact on body surface temperature in three indigenous goat breeds

Attributes Days Treatments

Osmanabadi
CON

Osmanabadi HS Malabari CON Malabari HS Salem Black
CON

Salem Black
HS

Breed TRT DAY

BSTHM (°C) 0 34.78 34.95 34.68 34.82 34.92 34.60 * * **

15 35.38 35.20 35.68 35.33 35.22 35.12

30 29.68 29.67 29.78 30.72 29.98 28.95

45 28.12 29.18 29.52 29.88 29.30 28.68

Mean 31.99ab 32.25ab 32.42ab 32.69a 32.35ab 31.84b

Pooled SE ± 0.17 ± 0.17 ± 0.17 ± 0.17 ± 0.17 ± 0.17

BSTHA (°C) 0 35.63 35.73 35.65 35.62 35.33 35.82 ** ** **

15 35.80 46.50 35.97 39.35 35.67 46.93

30 32.43 41.18 32.72 34.63 32.45 42.22

45 30.82 37.32 32.08 35.88 34.25 36.93

Mean 33.67c 40.18a 34.10c 36.37b 34.42c 40.48a

Pooled SE ± 0.38 ± 0.38 ± 0.38 ± 0.38 ± 0.38 ± 0.38

BSSM (°C) 0 35.53 34.93 35.02 35.47 35.33 35.15 NS * **

15 35.48 35.43 35.68 35.57 35.42 35.35

30 31.18 30.98 31.00 30.55 30.43 29.92

45 30.58 29.52 30.40 29.63 30.30 29.50

Mean 33.20a 32.72a 33.03a 32.80a 32.87a 32.48a

Pooled SE ± 0.18 ± 0.18 ± 0.18 ± 0.18 ± 0.18 ± 0.18

BSTSA (°C) 0 36.03 35.77 35.78 35.62 36.02 36.07 ** ** **

15 35.23 47.43 34.87 38.58 34.87 47.30

30 33.98 40.93 34.02 35.40 32.90 39.52

45 32.70 38.33 33.20 35.23 33.50 37.25

Mean 34.49bc 40.62a 34.47bc 36.21b 34.32c 40.03a

Pooled SE ± 0.42 ± 0.42 ± 0.42 ± 0.42 ± 0.42 ± 0.42

BSTFM (°C) 0 35.75 35.48 35.62 35.98 35.73 35.72 ** ** **

15 35.63 35.52 35.72 35.75 35.63 35.42

30 31.37 30.38 31.63 31.20 30.26 29.73

45 30.92 29.65 30.53 30.57 30.03 29.52

Mean 33.42a 32.76bc 33.38ab 33.38ab 32.92abc 32.60c

Pooled SE ± 0.15 ± 0.15 ± 0.15 ± 0.15 ± 0.15 ± 0.15

BSTFA (°C) 0 36.02 35.92 36.32 36.08 36.45 36.33 ** ** **

15 36.02 48.32 35.57 39.03 35.13 51.58

30 33.93 42.57 33.90 35.90 33.03 45.20

45 33.42 40.07 33.85 35.57 34.18 38.18

Mean 34.85c 41.72a 34.91c 36.65b 34.70c 42.83a

Pooled SE ± 0.37 ± 0.37 ± 0.37 ± 0.37 ± 0.37 ± 0.37

Values bearing different superscripts within the row on the respective mean values differ with each other at p < 0.05

Osmanabadi CON, Osmanabadi control; Osmanabadi HS, Osmanabadi heat stress; Malabari CON, Malabari control; Malabari MHS, Malabari heat
stress; Salem Black CON, Salem black control; Salem Black HS, Salem black heat stress; TRT, treatment; Breed*TRT*Day, breed treatment and day
interaction; BSTHM, body surface temperature head morning; BSTHA, body surface temperature head afternoon; BSTSM, body surface temperature
shoulder morning; BSTSA, body surface temperature shoulder afternoon, BSTFM, body surface temperature flank morning; BSTFA, body surface
temperature flank afternoon; SE, standard error; NS, non-significant

**p < 0.01; *p < 0.05
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Osmanabadi HS group. Furthermore, heat stress increased
(p < 0.01) BSTHA and BSTFA in all three breeds. However,
BSTSA was higher only in the Osmanabadi HS and Salem
Black HS groups as compared to their respective control ani-
mals. Among the heat stress groups, the Malabari breed
showed lowest value for BSTHA, BSTSA, and BSTFA as
compared to both the Osmanabadi and Salem Black breeds.
In addition, the experimental period highly influenced all the
body surface temperature variables (p < 0.01).

PBMC HSP70 gene expression

Relative PBMC HSP70 mRNA transcript expression after heat
stress exposure in the Osmanabadi, Malabari, and Salem Black
goat breeds are depicted in Fig. 2. The results obtained indicated
PBMC HSP70 expression in the Osmanabadi CON,
Osmanabadi HS, Malabari CON, Malabari HS, Salem Black
CON, and Salem Black HS to be 1.07-, 2.3-, 1.04-, 2.13-,
1.11-, and 1.13-fold respectively. Comparatively, both the
Osmanabadi and Malabari breed heat stress groups showed
(p < 0.05) higher expression of PBMC HSP70 mRNA com-
pared to their respective control animals. However, PBMC
HSP70 expression did not differ between the control and heat
stress groups in the Salem Black breed. Also, the level of
HSP70 mRNA expression was lower in the Salem Black HS
as compared to the Osmanabadi HS and Malabari HS groups.

Discussion

Climate resilience in livestock production requires multiface-
ted approach in identifying the appropriate breeds that can
adapt and maintain production in challenging environments.
This study attempts to provide some evidence regarding the
resilience capacity of three indigenous goat breeds exposed to
heat stress. Breed differences were established for reliable
adaptive variables such as RRM, RRA, and HSP70 gene

expression. Both respiration rate (Marai et al. 2007; Indu
et al. 2014) and HSP70 gene (Banerjee et al. 2014; Bharati
et al. 2017) are considered reliable biological markers for
quantifying heat stress response in livestock. The differences
obtained for these variables in this study clearly indicated that
even extremely adapted indigenous breeds in their native track
can influence their ability to survive in a new location. This
shows breed differences do exist among the indigenous breeds
in their ability to cope with heat stress challenges.

The THI above 75 as per McDowell (1972) model was
considered extremely severe heat stress to animals. With the
THI value of 86.5 recorded during outside exposure during
entire experimental period clearly indicated that the heat-
stressed animals experienced extreme severe heat stress.
Thus, the findings based on THI justifies studying the growth
performance of the Malabari goats as the animals were ex-
posed to extreme heat stress.

The evaluation of breed differences for ST, LT, DF, and
DeF did not differ indicating the indigenous natures these
three breeds depicting the similarity in their approaches to
adapt to harsh climatic conditions. Further, the non-
significant influence of heat stress on ST, LT, and DeF
proves the superiority of these breeds to heat stress chal-
lenges. The THI described extreme heat stress exposure
for these animals in the study. Similar result of non-
significant change in ST and LT was also reported in
Osmanabadi bucks exposed to heat stress in the same
agro-ecological zone (Shilja et al. 2016). The reason for
the non-significant changes in these behavioral parameters
in the current study on all three breeds indicated that they
did not rely on these behavioral responses to cope with
heat stress. However, there are reports indicating in-
creased ST and decreased LT in Osmanabadi (Panda
et al. 2016) and Black Bengal goat breeds (Alam et al.
2013) during heat stress conditions. This difference ob-
served in the results with our study could be attributed
to the magnitude of heat stress in different agro-
ecological zones. The recorded weather variables clearly
showed higher magnitude of heat stress in the former re-
gion (AT—43.6 °C, RH—88%) compared to the current
region (AT—39.9 °C, RH—29.1%) during afternoon
hours (Panda et al. 2016). This change in behavior of
indigenous breeds also signifies their wider adaptability
to different harsh climatic regions. The DF refers to num-
ber of times the animal had access to water resources. The
results obtained from the present study exhibited in-
creased DF in heat-stressed groups than control groups
in all the three breeds. The result was in accordance with
the previous experiment conducted in Osmanabadi bucks
which also showed increased DF during heat stress con-
dition (Shilja et al. 2016). This result could be due to
severe dehydration in goats as a result of enhanced evap-
orative cooling mechanisms through both respiratory tract
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Fig. 2 Means (± s.e.m) for PBMC HSP70 mRNA expression patterns in
three goat genotypes (n = 36, 12 per genotype and 6 per treatment)
exposed to inside and outside environmental conditions at 12° N and
77° E. Values bearing different alphabets both within and between
breed differ significantly with each other at p < 0.05
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as well as skin in heat-stressed animals (Shilja et al.
2016). Consequently, the heat-stressed animals tend to
show higher DF in an effort to increase the WI to cool
their body and also to restore their normal body water
level (Garner et al. 2017). There were breed differences
for UF with lower UF reported in the Salem Black heat-
stressed goats. The lower UF in the Salem Black goats
could suggest the better thermo-tolerance capability of
this breed in conserving the body water during heat stress
condition. The highest value for RuT was exhibited by the
Malabari breed compared to both the Osmanabadi and
Salem Black breeds. The complete absence of RuT in
both the Osmanabadi and Salem Black breeds on day 45
could be a metabolic adaptive mechanism in these breeds
to reduce their internal metabolic heat production (Panda
et al. 2016). The higher value for RuT in Malabari breed
as compared to the Osmanabadi and Salem Black could
be attributed to the breed difference. The heat stress treat-
ment increased WI level in all the three breeds. The result
obtained was in accordance with other studies which also
indicated higher WI in heat-stressed animals (Indu et al.
2014; Shiljai et al. 2016). Generally, ruminants exposed to
heat stress environments tend to increase their total WI as
a compensatory mechanism to restore the higher fluid loss
from their body through respiratory and cutaneous evap-
orative cooling activities (Indu et al. 2014; Shilja et al.
2016). Apart from maintaining the body water status, the
increased ingestion of water also help the heat-stressed
animals to cope up to the adverse conditions by immedi-
ate rumen-reticular cooling which reduces their core body
temperature effectively (Garner et al. 2017). Further,
higher WI in the Osmanabadi HS as compared to the
Malabari HS could be attributed to breed difference in
addition to their differences in coat color. Similarly,
Valente et al. (2015) also reported breed variation for
WI between heat-stressed cattle breeds, and they attribut-
ed the higher WI in Angus breeds to their lower thermo-
tolerance ability. The white coat color of the Malabari
goats might have helped this breed to reduce the direct
effects of the heat stress by reflecting more incident solar
radiation throughout the study period (Katiyatiya et al.
2017). However, the WI level of the Salem Black HS
group was recorded to be s imi la r to bo th the
Osmanabadi HS and Malabari HS, which also indicated
their superior adaptive capability in the current agro-
ecological zone compared to the other two breeds.

Mechanism of physiological adaptation in the livestock is
generally indicated by RR, PR, and RT (Gupta et al. 2013).
Banerjee et al. (2015) also reported breed differences in Indian
goat breeds for physiological variables with RR, PR, and RT
being lower in breeds adapted to hot climates. Lower respira-
tory activity (RRM) in the Osmanabadi HS could be an adap-
tive mechanism for keeping their physiological activities to a

minimum level to cope to the extreme stressful condition in
the afternoon (Marai et al. 2007; Shilja et al. 2016). The RRA
is the only parameter in the study which was influenced by all
the independent variables (breed, treatment, and experimental
period). This shows the significance of RR during afternoon in
determining the adaptive ability of goats irrespective of
breeds. The higher RR in heat-stressed animals could be di-
rectly related to the increased evaporative cooling mecha-
nisms in restoring their thermal balance (Habibu et al. 2016).
Similarly, increased RR were also reported in Black Bengal,
Sokoto, and Sahel goats during afternoon (Alam et al. 2013;
Habibu et al. 2016). Moreover, a higher RR could also be an
adaptive mechanism in heat-stressed animals to meet the in-
creased oxygen demand of the vital organs for the adaptation
processes (Panda et al. 2016). In addition, Shilja et al. (2016)
stated the RR to be a reliable indicator to measure magnitude
of heat stress in small ruminants. In comparison to the other
two breeds, the Salem Black HS group showed lower RR
which also indicates the superior adaptability of this breed to
cope with hot environments. This could be attributed to the
much severe tropical climate exposure in their place of origin.
Further, RR was influenced by day of study. This also indi-
cates that the response of the groups varied over time for RR
for adapting to the heat stress challenges depicting the higher
thermo-tolerant ability of these indigenous goat breeds to
harsh climatic conditions. Therefore, RR can serve as a reli-
able indicator to evaluate the thermo-tolerant capacity of dif-
ferent indigenous goat breeds. The most noticeable effect of
heat stress on heart and blood vessels are evident from in-
creased PR in goats during summer (Gupta et al. 2013).
Between the breeds, Malabari breed showed highest PR value
during both morning as well as afternoon. Further, Popoola
et al. (2014) also established a direct correlation between heart
rate and general metabolic status in goats. In addition, the non-
significant change in PR in heat-stressed Osmanabadi and
Salem Black compared to their control animals also estab-
lishes their higher adaptive capacity to the heat stress chal-
lenges by maintaining their metabolic and circulation status
even during high stressful conditions. The RT is also consid-
ered as the most common indicator of heat stress in farm
animals and also used as a simple and reliable tool for moni-
toring animal welfare in hot environment (Al-Tamimi 2007).
The RT also showed similar trend to that of PR with higher
value in the Malabari HS both during morning and afternoon.
Higher RT value in the Malabari goats indicates their in-
creased vulnerability to the hot environments. Further, the
lower RT in the Salem Black HS compared to the Salem
Black CON shows the superior adaptive capability of Salem
Black goats to keep themselves cool in morning hours to cope
to the stressful condition in the afternoon (Shilja et al. 2016).
However, heat stress treatment increased the RT in all the three
heat stress groups compared to their respective control ani-
mals. Similar results were also reported in goats by Habibu
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et al. (2016) and Shilja et al. (2016). The increased RT in heat-
stressed group indicates the inefficient thermoregulatory
mechanisms in these goats to maintain thermal equilibrium
(Marai et al. 2007).

All body surface parameters showed significant variation
for the heat stress treatment. Further, the body surface temper-
atures in different area during morning in heat stress groups
was generally lower as compared to the respective control
animals while reverse trend was observed during afternoon.
These highly significant changes in body surface temperatures
between the groups indicate their significance for assessing
the adaptive nature of these breeds. The similar results of
increased body surface temperature due to heat stress were
also reported in goats by Hooda and Upadhyay (2014) and
Shilja et al. (2016). This higher body surface temperature
could be directly attributed to the vasodilatation of skin capil-
lary bed to enhance the blood flow to the skin periphery for
facilitating heat transfer to the surroundings (Shilja et al.
2016). Although Malabari breed showed highly significant
changes for most of the physiological indicators, body surface
temperatures in various regions showed reverse trend in this
breed indicating lower body surface temperature during heat
stress than both the Osmanabadi and Salem Black goats. This
difference could be attributed to the coat color as the Malabari
breed is pure white while both the Osmanabadi and Salem
Black goats are pure black in color. Similar results of low
temperature in white color goats were also reported by
Hagan et al. (2012). The goats with light colored coat have
greater advantage over the dark-colored coat regarding ther-
moregulation mechanisms in hot environments, as the white
color reflects most of the direct solar radiation imparting better
thermo-tolerance to the light coat-colored breed (Hagan et al.
2012). Further, the significant influence of experimental peri-
od on both BSTHA and BSTFA signifies the importance of
these parameters on goat adaptation.

The HSP70 is recognized as one of the most abundant and
important proteins in the HSP family playing a critical role in
goats during thermal adaptation (Gupta et al. 2013).
Additionally, HSP70 is also identified as a confirmatory cel-
lular marker for heat and humidity stress in ruminants (Shilja
et al. 2016; Bharati et al. 2017). Both the Osmanabadi and
Malabari goats showed a different trend to that of the Salem
Black goats with higher HSP70 expression in the heat-stressed
groups compared to their respective control animals. The re-
sult obtained was in accordance with other studies which also
indicated higher HSP70 expression in heat-stressed goats as
compared to the control goats (Banerjee et al. 2014; Shilja
et al. 2016). Further, the increased HSP70 in the heat-
stressed Osmanabadi and Malabari goats also indicates the
higher magnitude of stress experienced by these two breeds
as compared to SalemBlack breed. The result also emphasizes
the higher HSP70 requirements in these two breeds to coun-
teract the deleterious effects of hyperthermia at the cellular

level (Banerjee et al. 2014). The non-significant difference
in HSP70 expression between the Salem Black CON and
Salem Black HS groups indicated that the stressful condition
was not severe enough to create cellular responses in this
breed. Further, the level of HSP70 mRNA expression in the
Salem Black HS group was lower than the Osmanabadi HS
and Malabari HS groups. These findings clearly indicate the
superior adaptive capability of the Salem Black goats to trop-
ical environments. From these results, it may be inferred that
HSP70 gene can be used effectively as a biomarker for com-
paratively assessing the superior thermo-tolerant ability of the
extremely adapted goat breeds.

Conclusion

This study has provided further insights regarding the resil-
ience capacity of three indigenous goat breeds subjected to
heat stress. The differences in response of the three breeds
were established in variables such as RRM, RRA, and
HSP70 gene expression. The study also established that both
respiration rate and HSP70 gene may be considered reliable
biological indicators to reflect heat stress impact in indige-
nous goats. The significantly lower respiration rate and
HSP70 gene in the Salem Black HS group as compared to
the Osmanabadi HS and Malabari HS groups point towards
the better adaptive ability of the Salem Black breed as com-
pared to the other two breeds. However, more detailed re-
search efforts are required involving large population of
these breeds to strengthen the findings of this study. Based
on these preliminary observations on most of the variables
studied, it was evident that the Salem Black breed showed
better resilience capacity to cope with heat stress challenges.
Therefore, promoting the Salem Black breed among the lo-
cal farmers may prove beneficial in ensuring their livelihood
securities. It is also essential to develop new marker-assisted
selection breeding program using the biological markers
identified in the Salem Black breed to improve other breeds’
adaptive ability.
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