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ABSTRACT: Environmental stress remains a major threat to optimum productivity of livestock in AT X
tropical climates. Generally, goats often develop adaptive mechanisms to thrive in their native {E 2 § % (T,
environment. However, little is known about the adaptation of the Nigerian indigenous goat breeds to g 22N m
different environmental conditions. The influence of varying periods of heat exposure on physiological w9 %
response and HSP70 gene expression in the Nigerian indigenous goat breeds was therefore examined in % % g S o
this study. A total of 45 goats comprising West African dwarf (WAD), Red Sokoto (RS), and Sahel (SH) g g g g -
breeds were assigned to three treatments; 0, 4, and 8 hours of daily exposure to environmental s Q 8 >
temperature. Each treatment had two males and 3 females per breed of goats. Environmental ;& |, 9 3
variables were monitored while Temperature-Humidity-Index (THI) was calculated. Also, body i g 3 f 5
temperature (BST), rectal temperature (RT), respiratory rate (RR), pulse rate (PR) were monitored while 88 9 o E
[}

serum HSP70 level was determined. Average temperature (29.86 °C), relative humidity (73.57%) and THI
(79.34) were recorded. Also, there was no significant effect of breed on all the physiological parameters,
hours of exposure to heat had significant influence on BST, RT, RR and PR. Also, physiological indices
monitored significantly (P < 0.05) increased with days of exposure while effects of sex on physiological
responses of the various breeds exposed to environmental stress was not significant. For HSP70
expression, Red Sokoto goats had the highest level (30.08 + 0.75 ng/mL), compared to WAD goats (22.66 *
0.53 ng/mL) and Sahel goats (18.01 + 0.55 ng/mL) while male goats (35.34 £ 0.50) had higher HSP
level compared to female goats (14.49 + 0.44). In conclusion, duration of exposure to heat influenced
physiological responses and serum HSP expression in the Nigerian indigenous goats.

Keywords: Adaptation, Heat stress, HSP70 expression, Indigenous goat breeds, Physiological response.

INTRODUCTION

Small ruminants play a pivotal role in global livelihoods due to their economic, agricultural, and cultural importance
(Mohamed et al., 2023). In Nigeria, goats represent the most dominant group of small ruminants, with an estimated
population of five million (FAO, 2019). Indigenous goat breeds not only serve as financial assets and cultural symbols
but also exhibit high productivity, strong disease resistance, hardiness, versatility, and adaptability, which makes them
to be wellsuited for hot and humid environments (Ofori etal., 2021).

The adaptability of the Nigerian indigenous goat breeds has been demonstrated by their geographical dispersion
(Tella et al.,, 2024) over the last few decades. This adaptability to diverse environments is supported by specific
anatomical and physiological features, such as smaller body size and effective thermoregulation (Nair et al., 2021,
AL-Ramamneh, 2023). Nevertheless, environmental stressors in various forms have limited them from reaching
their maximum productivity (Bertolini et al., 2018). In particular, high temperature and humidity in tropical
regions significantly hampers goats from attaining their full genetic potentials (Bertolini et al., 2018) by inducing
physiological and biochemical changes that adversely affect their development, reproduction, and overall health
(Danso et al., 2024; Parsad et al., 2025).

According to Sejian et al. (2021), despite the ability of goats to adapt to diverse geographical space, they are still
vulnerable to climate-induced heat stress, which impairs productivity, immunity, and overall health. Similar
sentiments have been raised by other authors especially on the indigenous breeds of goats in Nigeria. Ayoola et al.
(2025), reported that thermal stress, marked by increased body temperature and disruption in physiological functions
negatively affects goat wellbeing. The author noticed that when goats are stressed, they experience elevated
respiratory rates, reduced metabolic and physical activities, sweating and altered endocrine functions which threatens
the sustainability of goat farming in tropical and subtropical regions.

Elsewhere in colder climates, goats increase metabolic heat production but experience reduced energy efficiency,
affecting performance and production (Garcia et al.,, 2020). The three Nigerian indigenous goat breeds (Sahel, Red
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Sokoto, and WAD) have distinct and unique traits which help them to adapt to their native regions. Very little is
known about the adaptive nature of these breeds when raised outside their natural environment. A better
understanding of this adaptive capacity and response to heat exposure is crucial to improve goat productivity
and welfare. Also, genetic traits play a significant role in adaptation to environmental stress. HSPs, particularly
HSP70, are produced in response to heat stress to protect cellular proteins and maintain homeostasis (Kaushik et
al., 2023).

An adequate knowledge of the heat tolerance attributes of the indigenous breeds of goat could guide producers
on the best management practices or strategies to adopt in order to maximize productivity in this breed of goats.
This study was therefore designed to examine the influence of duration of exposure to heat stress on the physiological
response and serum HSP70 expression in the Nigerian indigenous breeds of goats.

MATERIALS AND METHODS

Experimental site

This study was conducted at Bowen University farm, lwo, Nigeria, within a derived savanna agro-ecological zone
characterized by a tropical climate with distinct wet and dry seasons. Bowen University is situated in Iwo, one of the major
cities in South West Nigeria on a 640 ha site. It lies on coordinates 70 38' 6.97" N and 40 10' 53.62" E at an altitude of
322 m above sea level. The study area is located in a derived savanna agro-ecological zone with a tropical climate
characterized by double maximum rainfall and average annual temperatures of 29.66°C and vegetation interphase
between the rainforest and savanna grassland with a mixture of deciduous trees and tall grasses (Oguntunji et al. 2019).
The Wet (March-September) and dry (October-March) seasons are the principal seasons in the area (Oguntunji et al.
2015).

Experimental animals and design

A total of 45 goats comprising three indigenous breeds in Nigeria; West African dwarf (WAD) goats, Red Sokoto
goats, and Sahel goats with average age between 3-4 months were purchased at Kaara Market, Iwo town, Osun state
Nigeria and used for this study. The market is about 3-5 km from the main campus with estimated travel time to be 15-20
mins. Prior to the commencement of the study, the goats were subjected to a 5 day acclimatization period for the animals
to adjust to the prevailing environmental condition of the study area. The goats (6 males and 9females per breed) were
assigned to three treatment groups based on duration of heat exposure. Each treatment comprised of 15 goats of
two males and three females of each breed pertreatment. Goats in T1 were assigned to O hours of heat exposure
(control/ungrazed), T2 had 4 hours of exposure to heat (10 am-2 pm grazing), and T3 had 8 hours of exposure to heat (9
am-5 pm). All animals were offered access to roughages, concentrate feed, and water.

Data collection

Data were collected from each animal on days O, 3, 6, 9, and 12. Ambient temperature (AT, ° C) and relative
humidity (RH%) were measured three times daily at 9.00am (morning), 1.00pm (afternoon) and 5.00pm (evening)
using a digital thermohygrometer while Temperature-humidity index (THI) was calculated according to Helal et al. (2010)
using the formula: THI =0.8 x AT +RH x (AT -14.4) + 46.4. Physiological parameters like respiratory rate (RR), panting
rate (PR), body surface temperature (BST), and rectal temperature (RT) were also measured on days, O, 3, 6, 9 and 12.
The measured physiological parameters were as described by Oguntunji et al. (2019). The PR was monitored by placing
the hand on the rib cage of the goats for 15 seconds and the number of pulse/heart beats was multiplied by 4
to obtain pulse rate per minute. BST measurement was monitored using a digital infrared thermometer
(Model AR330, China) positioned at a distance of 12 inches from the animal while RT was measured using a
digital clinical thermometer (COCET®, Kangfu Medical Equipment, China) inserted into the rectum of the goats until a
beep is heard and readings recorded. Also, RR was measured by counting the number of breaths per minute.

HSP70 determination

100 uL of each standard (Goat HSP-70 ELISA Kit EGO033) and properly diluted sample are added to the pre-
coated microplate wells. It is therefore sealed and incubated at 37 °C for 90 minutes, after which the plate is
washed twice (no immersion). To the mixture, 100 uL of biotinylated detection antibody working solution was
added and incubated at 37 °C for 60 minutes, and then washed thrice at one minute per wash. 100 yL of HRP-
Streptavidin Conjugate was added and incubated at 37 °C for another 30 minutes, and then washed five times at
intervals of 1 min. 90 uL of TMB substrate was added, and the mixture incubated 37 °C in the dark for another 10-
20 minutes. 50 uL of stop solution was added as the color changed from blue to yellow. Absorbance was read
at 450 nm the standard curve was plotted against known concentrations while HSP-70 concentration in serum
samples was calculated via interpolation.
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Statistical analyses

Yix= M + Gi + S; + Pk + (GS)ij + (GP)ik + e

Where Yijkl = Individual observation; y = fixed overall mean; i= fixed effect of genotype (WAD, RS, and SH); j = fixed
effect of sex (males and females); x = fixed effect of duration of exposure period (0, 3, 6, 9); ij = effect of interaction of
breed and sex; ik = effect of interaction of breed and exposure period; ijk = effect of interaction of breed, sex, and
exposure period; e = experimental error. Data were subjected to descriptive analysis and ANOVA using SPSS 2020
while significant means were separated using NDMRT option of the same software.

RESULTS

The mean climatic parameters during the study period are presented in Table 1. Average environmental
temperature ranged from 25.56 °C in the evening to 29.26°C in the morning while relative humidity ranged from 61.0
%, in the afternoon to 84.12% in the evening. Temperature Humidity Index (THI) followed similar pattern as
temperature as THI value ranged from 73.94 in the evening to 85.50 in the afternoon.

Table 1 - Average environmental parameters during the study period

Parameters Morning Mid-day Evening Mean SEMt
Temperature (°C) 29.26 34.76 25.56 29.86 1.07
Relative Humidity (%) 75.60 61.0 84.12 73.57 2.73
Temperature-Humidity Index 78.60 85.50 73.94 79.34 1.45

Physiological response of the indigenous breeds of Nigerian goats to heat stress is shown in Table 2. There
were no significant differences (P > 0.05) in the physiological parameters monitored among all the goat breeds.
Body temperature ranged from 37.69 £ 2.21 °C in Sahel goats to 38.63+2.38 °C in WAD. Rectal temperature ranged
from 39.57 + 1.14 °C in Sahel goats to 39.84 + 1.42 °C in WAD goats. Pulse rate ranged from 73.13 + 24.89 beats/min
in Red Sokoto goats to 74.23 + 26.23 beats/min in WAD goats while for respiratory rate, it ranged from 24.83 + 5.01
breaths/min in Red Sokoto goats to 25.70 + 5.63 breaths/min in Sahel goats.

The effects of hours of exposure to heat on physiological parameters of Nigerian indigenous goat breeds is shown in
Table 3. The BST in goats subjected to T3 was significantly higher (P < 0.05) than BST in goats on T2 (38.35 + 2.38°C)
and T1 (36.79 + 0.53°C). Similarly, goats on T3 (40.21 + 1.38°C) and T2 (39.93 + 1.48°C) had similar (P > 0.05) RT
but differ significantly (P < 0.05) from those in T1 (38.84 + 0.53 °C). Respiratory rate followed the same pattern as
RT, as T2 (24.90 breaths/min) and T3 (29.87 + 5.90 breaths/min) had significantly similar (P > 0.05) but higher (P
< 0.05) value compared to T1 (21.00 + 1.14 breaths/min). However, pulse rate in T1 (53.70 + 2.67 bpm) was
significantly lower (P < 0.05) than PR in T2 (77.90 + 15.63 bpm) and T3 (93.50 + 27.01 bpm) while PR in T3 was
higher (P < 0.05) than in T2.

Table 4 shows the effect of days of exposure to heat on physiological parameters of Nigerian indigenous goat
breeds. Significant effect (P < 0.05) of heat exposure was observed on all parameters monitored. Average body
temperature at days O (36.57 °C) and 3 (37.38 °C) were similar (P > 0.05) across breed but significantly lower (P <
0.05) than average body temperatures of 39.21, 38.79 and 39.12 °C recorded at days 6, 9 and 12, respectively. The
least (P < 0.05) average breed rectal temperature (RT) was obtained at day 0 (38.55 °C), followed by day 3 (39.32 °C).
The RT at day 6 (40.27 °C) was not significantly different (P > 0.05) from those of days 9 (39.68 °C) and 12 (40.68 °C),
though RT at day 12 was significantly higher (P < 0.05) than RT at day 9. Pooled pulse rate across breed was
significantly lower (P < 0.05) at day O (53.78) compared to days 3, 6, 9, and 12 with PR of 74.56, 78.94, 82.83, and
85.06 bpm, respectively. However, RR at day 0 (21.94 £+ 1.70 brpm) was significantly lower (P < 0.05) than RR at day
6 (25.44 + 4.72 brpm), day 9 (26.39 + 5.57 brpm) and day 12 (27.89 + 6.57 brpm) but was not significantly
different (P > 0.05) from day 3 (24.61 + 4.65 brpm).

Effects of environmental stress on the physiological parameters of Nigerian Indigenous breeds of goat according to
their sex are shown in Table 5. There was no significant influence of environmental stress on the physiological
responses observed according to sex of the various breeds monitored. The BST ranged from 37.15 + 2.36 in Sahel
male to 38.17 in WAD male while RT ranged from 39.61 + 0.94 in Sahel male goats to 39.58 + 1.40 in Red Sokoto
goats.

Also, PR ranged from 67.13 + 21.76 in Red Sokoto male goats to 73.20 + 26.88 in WAD male goats while for RR
the value ranged from 23.67 + 4.13 in Red Sokoto male goats to 25.00 + 5.4 in WAD male goats. However, for females
BST ranged from 38.38 + 2.42 in WAD female goats to 38.22 + 1.99 and 38.06 + 1.83 in Sahel and Red Sokoto
female goats, respectively. The RT ranged from 39.39 + 1.53 in Red Sokoto female goats to 39.91 + 1.52 in WAD
female goats and PR was from 70.40 + 22.84 in Red Sokoto female goats to 76.73 £ 27.12 in WAD female goats while
it was within 25.47 + 6.13 for RR.
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The heat shock protein (HSP) responses to environmental stress in Nigerian goat breeds according to
breed, exposure duration, and sex are shown in Table 6. Red Sokoto goats had the highest HSP level (30.08 + 0.75
ng/mL), followed by WAD goats (22.66 + 0.53 ng/mL) and Sahel goats (18.01 + 0.55 ng/mL). Duration of
exposure showed that goats exposed 4 hours (30.08 £ 0.75 ng/mL) of daily environmental stress had the highest HSP
level followed by those exposed to 8 hours (24.83 + 0.52 ng/mL) while the least HSP level was obtained in goats with no
exposure (15.24 + 0.53 ng/mL) to environmental stress. For the days of exposure, HSP level of the goats at day O
(22.06 * 0.53 ng/mL) was relatively lower than 24.08 * 0.71 ng/mL obtained at day 12 while male goats (35.34+
0.50) had higher HSP level compared to female goats (14.49 + 0.44) in this study.

Table 2 - Effects of breed on the physiological parameters of Nigerian Indigenous breeds of goat exposed to

environmental stress

‘Parametes = Sahel @ RedSokoto @ WAD
Body surface temperature (°C) 37.69 +221 38.32 +1.93 38.63 + 2.38
Rectal temperature (°C) 39.57+1.14 39.58 + 1.44 39.84 £ 1.42
Pulse rate (bpm) 74.73 £ 22.29 73.13 + 24.89 77.23 £ 26.23
Respiratory rate (bpm) 25.70 £ 5.63 24.83 £ 5.01 25.23 £ 5.09

abe yalues along the same row with different superscripts are significantly different (P < 0.05) . WAD = West African Dwarf

Table 3 - Effects of hours of exposure to environmental stress on the physiological parameters of Nigerian
Indigenous breeds of goat across the treatments

Parameters 1 T2 3

Body surface temperature (°C) 36.79 £ 0.53¢ 38.35 + 2.38 39.50 £ 2.23a
Rectal temperature (°C) 38.84 £ 0.530 39.93 + 1.48a 40.21 + 1.382
Pulse rate (bpm) 53.70 £ 2.67¢ 77.90 + 15.63p 93.50 + 27.01a
Respiratory rate (bpm) 21.00 £ 1.14¢ 24.90 + 2.48° 29.87 £ 5.902

abe yalues along the same row with different superscripts are significantly different (P < 0.05). T1 =0, T2 = 4, T3 = 8 (hours)

Table 4 - Pooled effects of days of exposure to environmental stress on physiological response in the Nigerian
Indigenous breeds of goat

Parameters = 2 & : 2 12

Body surface temperature (°C) 36.57 £ 0.57> 37.38+1.47> 39.21%2.36° 38.79 £2.06a 39.12 + 2.652
Rectal temperature (°C) 38.35+0.61¢ 39.32+1.03c 40.27 £1.24a» 39.68+1.04> 40.68 + 1.352
Pulse rate (bpm) 53.78 £+ 1.59> 74.56 +24.372 78.94 + 25.572 82.83 £ 23.622 85.06 + 24.882
Respiratory rate (bpm) 21.94 +1.70> 24.61+4.65> 25.44 +4.72a 26.39 £ 5.572  27.89 + 6.572

abe yalues along the same row with different superscripts are significantly different (P < 0.05) 226

Table 5- Effects of breed and sex on the physiological parameters of Nigerian Indigenous breeds of goat

exposed to environmental stress

Sahel Red Sokoto WAD
Parameter Male Female Male Female Male Female

Body temperature (°C) 37.15+236 3822+199 37.66+ 146 38.06 + 1.83 38.17 + 2.09 38.38 + 2.42

Rectal temperature (°C) 39.61+0.94 39.52+134 39.32+ 146 39.39 + 153 39.58 + 1.40 39.91 + 1.52

Pulse rate (bpm) 74.13 £20.72 753312448 67.13+21.76 70.40+2284 73.20+26.88 76.73+27.12
Respiratory rate (bpm) 2593 +530 25.47 +6.13 23.67 £ 4.13 24.47 + 4.85 25.00 + 5.45 24.73 + 5.16

abe yaglues along the same row with different superscripts are significantly different (P < 0.05)
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Table 6-Heat shock Protein in Nigerian indigenous breeds of goats exposed to environmental stress

Variables HSP (ng/mL)
Sahel 18.01 + 0.55b
Goat breed Red Sokoto 30.08 £ 0.752
WAD 22.66 + 0.530
(0] 15.24 + 0.53¢
Period of exposure (hrs) 4 30.08 £ 0.752
8 24.83 + 0.52»
Days of exposure 0 ol S T
12 24.08 £ 0.71
Sex Male 35.34 1 0.502
Female 14.49 + 0.44"

2be values along the same row with different superscripts are significantly different (P < 0.05)

DISCUSSION

Relatively higher temperature and low relative humidity were recorded in the afternoon compared to other
periods of the day during the trial while average environmental temperature of 29.86 °C and relative humidity of 73.57%
were recorded for the study period. The high average temperature, and low RH values recorded during the mid-day
compared to other period of the days were indication of stressful conditions livestock generally are exposed to
in tropical climates. Although goats are able to thrive within relative humidity of 60- 80%, however when coupled with
high temperature, the resultant effect is discomfort in animals. The comfort or thermo-neutral zones in animals is
the range of temperature under which an animal can thrive without distress (Adedeji and Ogunwole, 2017). Mean
average temperature recorded in this study was higher than the thermo-neutral zone of 12 - 27 °C adjudged
comfortable for goats (Mason and Rushen, 2006; Helal et al., 2010). From our study, high mean average temperature in
addition to high mean average relative humidity recorded in this study suggest that the goats were exposed to heat
stress. Reports by Bhawa et al. (2023) and Onagbesan et al. (2023) have shown that an increase in environmental
temperature with a concurrent increase in relative humidity constitutes stress.

Also, high average THI were recorded in the afternoon compared to the other periods of the day while the mean
average THI recorded for the period were higher than those recorded either in the morning or evening. Temperature
Humidity Index is a metric used to evaluate the level of environmental discomfort and heat stress experienced by animals.
Zhou et al. (2023) in their study noted that a THI of 74.80 - 76.51 is the comfortable threshold for goats while a THI of
85.24 is the maximum tolerable limit in goats. Also, according to Helal et al. (2010), a temperature-humidity index of <
74 is regarded as normal, 75 - 78 = alert level, 79 - 83 = danger, and 2 84 is emergency. Going by the study of Zhou et
al. (2023), THI below 74.8 observed in the evening was below the thermoneutral zone for goats which may be the
onset of cold stress. This when coupled with the lower average temperature recorded in the evening period may also
suggest that goats experience less stress in the evening compared to other periods of the day while in the noon, goats
are in a high state of distress. Nevertheless, mean average THI recorded in this study surpassed the comfort threshold
for goats which is suggestive of stress. This result is consistent with reports in literature (Salama et al., 2013; Das et
al., 2025). For instance, a study by Salama et al. (2014) suggested that THI above 75 is indicative of stress in goats while
recent findings by Das (2025) noted that temperatures of 38°C and THI above 75, predispose goats to thermal
discomfort. According to Gupta and Mondal (2021) in a study on heat stress and thermoregulatory responses in goat,
the authors noted that heat stress triggers a variety of complex reactions which are essential for cell survival.
Elevated heart and/or pulse rate, respiration rate, and rectal temperature are frequently employed in this case
as markers of physiological adaptation to heat stress in small ruminant (Danso et al., 2024). Body
temperature/rectal temperature have been reported to be directly influenced by ambient or environmental
temperature (Ayo et al., 1999; Tucker et al., 2023). Body surface temperature recorded in this study was higher
than 34.3 £+ 0.2 - 36.8 + 0.4°C reported by Adeiza et al. (2024) in Red Sokoto goats. The observed variation in the
results might be due to geographical location and different mean average temperature of 25.6 + 0.26°C recorded
in their study compared to 29.8°C in this study. Similarly, values reported by Habibu et al. (2021) in Sahel, Red
Sokoto and WAD goats exposed to harmattan season in Nigeria were lower than those obtained in this study. This
is due to the variations in seasonal environmental conditions in which the goats from the two studies were exposed.
The RT of 38.58 - 40.35, 39.23 - 41.52, and 38.95 - 40.13°C in Sahel, WAD and, Red Sokoto goats respectively
reported by Oguntade et al. (2024) were within the range observed in this study and also within 39 - 40°C specified in
literature (Ayo et al., 1999; Minka and Ayo, 2013) as normal in goats. When the ambient temperature increases
beyond the threshold level, there is a consequent increase in core body temperature (Das, 2025). Goats like
other homeotherms constantly attempt to maintain their core body temperature around 39 °C. This they achieve
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by transferring heat load from the core body to the periphery like the rectum (Battini et al., 2015a, 2015b).
According to Sophia et al. (2016), native breeds evolve special behavioral and physiological responses to deal with
environmental challenges, such as heat stress. Perhaps this may be the reason; the physiological indices of the Nigerian
indigenous breed of goats were similar. Also, comparable genetic composition among native breeds and their ability to
adapt to the hot-humid climate of southern Nigeria may also be the reason there was no notable variations in
physiological indices monitored (Caroprese et al., 2015). This observation is contrary to reports elsewhere on
similarity in rectal temperatures in indigenous goat breeds (Das, 2025).

Banerjee et al. (2015) observed differences in RT in among breeds of Indian goats. Nevertheless, RR in this study
was lower than 47.98 and 51.20 reported by Shittu et al. (2023) in WAD and Kalahari Red raised in Southwest
Nigeria while PR in this study were higher than 60.2 and 61.5 bpm in their study. Oseni and Ajayi (2014) noted that
native goats in Nigeria had developed adaptive mechanism through higher respiration rates and sweat gland activity
to control body temperature. This study found that hours of exposure to heat stress resulted in elevated
physiological responses as goats exposed to T3 had the highest indices, thus suggesting that beyond elevated
environmental temperature, the extent of time spent outdoor also determines the level of stress they are exposed
to. In support of these findings, other authors have also found a direct relationship between exposure to
prolonged period of sunshine and higher physiological indices (Garba et al., 2024; Deori et al., 2024) in goats. For
example, in a study conducted by Aleena et al. (2018), in Osmanabadi, Malabari and Salem Black goat breeds of
Southern India, and by Dangi et al. (2015) in Barbari goats of Northern India, the authors noted that there were
significant differences in RT of goats exposed to 0, 4 and, 8 hours of heat stress. In addition, further observation
from Naga et al. (2021) showed notable alterations in physiological markers from Day 3 which may also suggest that
heat stress in native goats from Nigeria begins within this period. Becker and Stone (2020) in their study noted that
body surface temperature was directly correlated with ambient solar radiation level, thus implying that length of
exposure to solar radiation will increase body temperature. Elevated RT for instance has been identified as a reliable
predictor of stress in livestock (Fadare et al., 2012), therefore high RT in goats placed in T3 compared to those
housed indoor and in T2 suggest heat stress. These values are comparable to those found in heat-stressed WAD
sheep by Fadare et al. (2012). Respiration rate is also used as a measure of heat stress to assess the negative
impacts of ambient temperature (Al-Haidary et al., 2021). According to Okoruwa (2014), respiratory rate exceeding
12 to 20 breaths per minute is a sign of heat stress. This further buttressed the narrative that length of exposure of
goats to heat/ solar radiation increases their RR as evident in goats subjected to T2 and T3 compared to T1 that had
normal RR.

Also, it was observed that the physiological parameters monitored initially increased with days of exposure to
environmental stress and then remain constant at certain periods. This observation may suggest that as the goats
were stressed, they responded with increment in these physiological indices up to the point when they begin to
adapt to the stressor thus resulting to similar values observed within some period. Although the effect of breed and sex
were not significant on physiological response in Nigerian indigenous goats, there seems to be sex specific variations
with relative reduction in these responses in male breeds compared to the females. This observation is supported by
Timveh et al. (2022) who also reported no significant influence of breed and sex on these traits. Contrarily, Oguntade et
al. (2024) in a study on the genetic variation in indigenous breeds of goats in Nigeria noted that there were
significant variations in the thermotolerant traits monitored. Also, Mallam et al. (2025) in their study revealed that
breed x sex significantly influenced rectal temperature (RT) as WAD male and Red Sokoto male had higher
RT than the female counterparts. However, in their study, breed and sex did not influence PR, and RR. Observations of
relative increase in responses from female goats in this study found support from previous works (Akinyemi et al.,
2019; Sejian et al., 2019). Adeyemi et al. (2019) in their study noted that RT, PR and RR in female sheep were higher
than in the male sheep while Sejian et al. (2019) also observed elevated RR and RT in female sheep
compared to male sheep in their study. Differences noted in physiological responses due to sex by these authors
were attributed to many probable factors. Oseni et al. (2017) noted that hormonal changes and reproductive demands
in females may have resulted to such variations. Also, lower cortisol levels in bucks, scrotal temperature regulation,
and the size and structure of male bodies may have contributed to less stress experienced in bucks (Perumal et al.,
2022).

Heat shock protein 70 (Hsp70), is a highly conserved protein, induced in organisms by elevated temperatures
(Ross et al, 2003). They are important to thermal stress adaptation (Kumar et al., 2018) and finds
expression in cells when animals are exposed to high environmental temperature. Red Sokoto goats had the
highest HSP levels among the indigenous breeds, suggesting experience or respond more to stress than WAD and
Sahel goats. This however did not translate to higher physiological indices as observed in Table 2. This may
probably be that the Red Sokoto breed though highly stressed as observed from the HSP expression than its
contemporary (Sahel goats) with similar origin from the northern part of Nigeria was able to develop better
adaptive mechanism in coping with stress. According to Akinyemi et al. (2019), high HSP production in Red Sokoto
may imply that the breed is more sensitive to stressors or engage a stronger protective response through HSP
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production. For period of exposure, the observed difference in the secretion of HSP during the hours of exposure is
consistent with report of increase in the expression of HSP when animals are exposed to hot conditions (Aleena et al.
2018; Syafiga et al., 2023; Tella et al., 2024). The high HSP expression at 4hour period of exposure coincides with the
peak of heat exposure for the goats. This confirms the reason HSP level was elevated at this period due to
increase in ambient temperature associated with the noon. Hours of exposure beyond the noon, HSP levels begin to
drop suggesting that there is a threshold period during which the goats experience the maximum stress, after which
the HSP response stabilizes. This finding is consistent with studies on livestock stress responses, which often peak in the
early exposure period and stabilizes as the animals acclimate. Earlier report suggests that HSP showed higher
expression levels during heat stress in goats (Dangi et al., 2015), in order to protect cells from heat stress (Hassan et al.,
2019). HSP expression at days O and 8 were similar. This may suggest that the goats were able to acclimatize
better over this period. Experiments conducted in cattle showed that HSP expression under chronic heat stress showed
2 peaks on the 2nd and 17th day of heat stress which was similar to the observation from this study. Although male
goats had relatively lower responses to heat stress compared to the females, HSP expression in males however was
significantly higher than in the females. High HSP genes in the male serum dictates the extent of expression of stress
specific genes in the male goats implying that they were more stressed. However, the relatively lower physiological
responses in the males may be due to their more effective adaptive mechanism developed in mitigating heat stress.

CONCLUSION AND RECOMMENDATION

This study showed that breed had no influence on physiological responses in goats while 8 hours duration of
heat exposure, 6-12 days of exposure, and sex influenced physiological response. Also, breed, duration of exposure
to heat, and sex influenced HSP70 expression in Nigerian indigenous goat breeds. Future studies should investigate how
breed-specific HSP70 variations in WAD, Red Sokoto, and Sahel goats correlate with genetic polymorphisms, endocrine
profiles, and long-term production traits. Additionally, research should transition to longitudinal seasonal field trials to
evaluate the efficacy of sex- and breed-specific management and nutritional interventions against chronic thermal stress.

DECLARATIONS

Corresponding author
Correspondence and requests for materials should be addressed to mathew.ayoola@bowen.edu.ng; ORCID: 0000-
0003-2511-308X.

Ethical approval

The authors confirm that the research reported herein conforms to the ethical policies of the journal, as noted
on the journal’s author guidelines page. The methods/procedures used in this study were in concomitant with those
outlined in the Animals ARRIVE guidelines and were carried out by the U.K. Animals (Scientific Procedures) Act, 1986 and
associated guidelines; EU Directive 2010/63/EU for animal experiments; or the National Institutes of Health guide for the
care and use of laboratory animals (NIH Publications No. 8023, revised 1978). The study was conducted with the approval
of the Bowen University Ethics Committee with reference number BUREC/COAES/AGR/0015

Authors' contributions

M.O. AYOOLA and D.O. FATOKI contributed to conception and design of study; D.O. FATOKI and G.A. BERENA
contributed towards acquisition of data, analysis and interpretation of data; D.0. FATOKI was involved in drafting the
manuscript G.A. BERENA revised it critically for important intellectual content; M.O. AYOOLA supervised the conduct
of the research; All authors read and agreed to the version to be published.

Availability of data and materials
The data presented in this study are available on request from the corresponding author.

Acknowledgements
The authors appreciate Bowen University, Iwo, Osun State, Nigeria, for providing the laboratory and farm facilities
used in conducting this research.

Funding
The authors also appreciate Bowen University, lwo, Osun State, Nigeria, for the partial funding of this project.

Competing interest
The authors declare no conflict of interest.

338



Fatoki et al., 2026

REFERENCES

Aboul Naga AM, Abdel Khalek TM, Osman M, Elbeltagy AR, Abdel-Aal ES, Abou-Ammo FF, and El-Shafie MH (2021). Physiological and genetic
adaptation of desert sheep and goats to heat stress in the arid areas of Egypt. Small Ruminant Research, 203:106499.
https://doi.org/10.1016/j.smallrumres.2021.106499

Adedeji BS, and Ogunwole OA (2017). Performance and physiological response of heat stressed growing pullets fed diets supplemented with
ascorbic acid. Nigerian Journal of Animal Production, 44:167-176. DOI: https://doi.org/10.51791/njap.v44i5.1282

Adeiza A, Umar Y, Vantsawa P (2024). Rectal temperature and body surface temperature rhythm in Red Sokoto goats infected with
<i>Trypanosoma evansi</i> during the rainy season. Sokoto Journal of Veterinary Sciences, 21(4), 194-207.
https://doi.org/10.4314/sokjvs.v21i4.5

Akinyemi MO, Osamede OH, and Eboreime AE (2019). Effects of heat stress on physiological parameters and serum concentration of HSP70 in
indigenous breeds of sheep in Nigeria. Slovak Journal of Animal Science, 52(03):119-126. https://office.sjas-
journal.org/index.php/sjas/article/view/583

Aleena J, Sejian V, Bagath M, Krishnan G, Beena V, and Bhatta R (2018). Resilience of three indigenous goat breeds to heat stress based on
phenotypic traits and PBMC HSP70 expression. International Journal of Biometeorology, 62(11):1995-2005.
https://doi.org/10.1007/s00484-018-1604-5

Al-Haidary AA, Al-Dosari Y, Abd-Elwahab AE, Samara EM, Al-Badwi MA, and Abdoun KA (2021). White hair coat color does not influence heat
tolerance of sheep grazing under a hot arid environment. Small Ruminant Research, 201:106410.
https://doi.org/10.1016/j.smallrumres.2021.106410

AL-Ramamneh D (2023). Thermoregulation in Sheep and Goats: A Review. Asian Journal of Biology, 17(1), 34-42.
https://doi.org/10.9734/ajob/2023/v17i1315

Ayo JO, Oladele SB, Ngam S, Fayomi A, and Afolayan SB (1999). Diurnal fluctuations in rectal temperature of the Red Sokoto goat during the
harmattan season. Research in Veterinary Science 66(1):7-9. doi: 10.1053/rvsc.1998.0231. PMID: 10088705.

Ayoola MO, Akinmoladun OF, Esan VI, Ogunbode TO, Afolabi CO, and Lawal TE (2025). Managing heat stress in goats for sustainable climate-
resilient production. Journal of Animal Science and Veterinary Medicine, 10(2):142-157. https://doi.org/10.31248/JASVM2025.536

Banerjee D, Upadhyay RC, Chaudhary UB, Kumar R, Singh S, Ashutosh, Das TK, De S. (2015). Seasonal variations in physio-biochemical profiles
of Indian goats in the paradigm of hot and cold climate. Biological Rhythm Research, 46(2): 221-236.
https://doi.org/10.1080/09291016.2014.984999

Battini M, Stilwell G, Vieira A, Barbieri S, Canali E, Mattiello S (2015a). On-Farm Welfare Assessment Protocol for Adult Dairy Goats in
Intensive Production Systems. Animals (Basel). 25: 5(4):934-950. https://doi.org/10.3390/ani5040393

Battini M, Peric T, Ajuda |, Vieira A, Grosso L, Barbieri S, Stilwell G, Prandi A, Comin A, Tubaro F, and Mattiello S (2015b). Hair coat condition: A
valid and reliable indicator for on-farm welfare assessment in adult dairy goats. Small Ruminant Research, 123(2-3):197-203.
https://doi.org/10.1016/j.smallrumres.2014.12.009

Becker CA and Stone AE (2020). Graduate Student Literature Review: Heat abatement strategies used to reduce negative effects of heat stress
in dairy cows. Journal of dairy science, 103(10): 9667-9675. https://doi.org/10.3168/jds.2020-18536

Bertolini F, Servin B, Talenti A, Rochat E, Kim ES, Oget C, Palhiére |, et al. (2018). Signatures of selection and environmental adaptation across
the goat genome post-domestication. Genetics Selection Evolution, 50(1):57. https://doi.org/10.1186/s12711-018-0421-y

Bhawa S, Moreki JC, and Machete JB (2023). Poultry management strategies to alleviate heat stress in hot climates: A Review. Journal of
World’s Poultry Research, 13(1): 1-19. DOI: https://dx.doi.org/10.36380/jwpr.2023.1

Caroprese M, Albenzio M, and Sevi A (2015). Sustainability of Sheep and Goat Production Systems. In: Vastola, A. (eds) The Sustainability of
Agro-Food and Natural Resource Systems in the Mediterranean Basin. Springer, Cham. https://doi.org/10.1007/978-3-319-16357-4_6
Dangi SS, Gupta M, Dangi SK, Chouhan VS, Maurya VP, Kumar P, et al. (2015). Expression of HSPs: an adaptive mechanism during long-term
heat stress in goats (Capra hircus). International journal of biometeorology, 59(8):1095-106. https://doi.org/10.1007/s00484-014-0922-5

Danso F, Iddrisu L, Lungu SE, Zhou G, and Ju X. (2024). Effects of heat stress on goat production and mitigating strategies: A Review. Animals,
14(12): 1793. https://doi.org/10.3390/ani14121793

Das M, Mishra C, Mishra SR, Dash SK, Karna DK, Pradhan SK, and Behera K (2025). Thermoregulation in goats through AGRP gene and analysis
of physiological adaptation. Genetica, 153(1): 24. https://doi.org/10.1007/s10709-025-00240-9

Das (2025). Climate Resilient Goat Farming-A Review. Acta Scientific Veterinary Sciences 7.6 (2025): 27-37.
https://actascientific.com/ASVS/ASVS-07-0985.php

Deori S, Abedin SN, Chakravarty H, Katiyar R, Choudhury BU, Syiem E, and Doley S. (2024). Exploring thermoregulatory responses and hormonal
changes in heat stressed assam hill goats. Indian Journal of Animal Research, 58(7):1122. https://doi.org/10.18805/1JAR.B-5185

Fadare AO, Peters SO, Yakubu A, Sonibare AO, Adeleke MA, Ozoje MO, et al. (2012). Physiological and haematological indices suggest superior
heat tolerance of white-coloured West African Dwarf sheep in the hot humid tropics. Tropical animal health and production, 45(1):157-65.
https://doi.org/10.1007/s11250-012-0187-0

FAO (2019). Food and Agricultural Organization of the United Nations Database. Food and Agricultural Organization of the United Nations.
https://www.fao.org/interactive/state-of-food-agriculture/2019/en,

Garba MG, Salisu US, Sanusi AZ, and Gaddafi S (2024). Effect of Energy Level on Milk Yield and Composition of Red Sokoto Goats. Nigerian
Journal of Animal Science and Technology (NJAST), 6(4):82-91. https://www.njast.com.ng/index.php/home/article/view/298

Garcia W, Mehaba N, Such X, Caja G, and Salama AA (2020). Effects of cold exposure on some physiological, productive, and metabolic variables
in lactating dairy goats. Animals, 10(12):2383. https://doi.org/10.3390/ani10122383

Gupta M, and Mondal T (2021). Heat stress and thermoregulatory responses of goats: a review. Biological Rhythm Research, 52(3):407-433.
https://doi.org/10.1080/09291016.2019.1603692

Habibu B, Umar KM, Yaqub LS, Salifu S, and Makun HJ (2021). Thermoregulation in humid climate-adapted and Savannah breeds of goats
exposed to West African cold (harmattan) season. Agricultura Tropica et Subtropica, 54(1):192-200. https://reference-
global.com/download/article/10.2478/ats-2021-0020.pdf

Hassan FU, Nawaz A, Rehman MS, Ali MA, Dilshad SM, and Yang C (2019). Prospects of HSP70 as a genetic marker for thermo-tolerance and
immuno-modulation in animals under climate change scenario. Animal Nutrition, 5(4):340-350. https://doi.org/10.1016/j.aninu.2019.06.005

339


https://doi.org/10.1016/j.smallrumres.2021.106499
https://doi.org/10.51791/njap.v44i5.1282
https://doi.org/10.4314/sokjvs.v21i4.5
https://office.sjas-journal.org/index.php/sjas/article/view/583
https://office.sjas-journal.org/index.php/sjas/article/view/583
https://doi.org/10.1007/s00484-018-1604-5
https://doi.org/10.1016/j.smallrumres.2021.106410
https://doi.org/10.9734/ajob/2023/v17i1315
https://icidr.org.ng/index.php/Ijnps/article/view/525#:~:text=https%3A//icidr.org.ng/index.php/Ijnps/article/view/525
https://doi.org/10.31248/JASVM2025.536
https://doi.org/10.1080/09291016.2014.984999
https://doi.org/10.3390/ani5040393
https://doi.org/10.1016/j.smallrumres.2014.12.009
https://doi.org/10.3168/jds.2020-18536
https://doi.org/10.1186/s12711-018-0421-y
https://dx.doi.org/10.36380/jwpr.2023.1
https://doi.org/10.1007/978-3-319-16357-4_6
https://doi.org/10.1007/s00484-014-0922-5
https://doi.org/10.3390/ani14121793
https://doi.org/10.1007/s10709-025-00240-9
https://actascientific.com/ASVS/ASVS-07-0985.php
https://doi.org/10.18805/IJAR.B-5185
https://doi.org/10.1007/s11250-012-0187-0
https://www.fao.org/interactive/state-of-food-agriculture/2019/en/
https://www.njast.com.ng/index.php/home/article/view/298
https://doi.org/10.3390/ani10122383
https://doi.org/10.1080/09291016.2019.1603692
https://reference-global.com/download/article/10.2478/ats-2021-0020.pdf
https://reference-global.com/download/article/10.2478/ats-2021-0020.pdf
https://doi.org/10.1016/j.aninu.2019.06.005

Online J. Anim. Feed Res., 16(5): 332-341.

Helal A, Hashem ALS, Abdel-Fattah MS, EI-Shaer HM (2010). Effects of heat stress on coat characteristics and physiological responses of Balady
and Damascus goats in Sinai, Egypt. American-Eurasian Journal Agriculture and Environment Science, 7(1):60-69.
https://www.idosi.org/aejaes/jaes7(1)/10.pdf ISSN 1818-6769

Kaushik R, Arya A, Kumar D, Goel A, and Rout PK (2023). Genetic studies of heat stress regulation in goat during hot climatic condition. Journal
of Thermal Biology, 113:103528. 10.1016/j.jtherbio.2023.103528

Kumar D, Yadav B, Choudhury S, Kumari P, Madan AK, Singh SP, Rout PK, Ramchandran N, and Yadav S (2018). Evaluation of adaptability to
different seasons in goat breeds of semi-arid region in India through differential expression pattern of heat shock protein genes. Biological
Rhythm Research, 49(3): 466-478. https://doi.org/10.1080/09291016.2017.1377984

Mallam I, Negedu EO, and Eshimutu UA (2025). Effects of breed, sex, and diet on thermo-physiology response of Nigerian goats, using variability
chart and descriptive statistics. Bulgarian Journal of Animal Husbandry, 62(5):3-14. https://doi.org/10.61308/KQSI3176

Mason G and Rushen J (2006). Stereotypic Animal Behaviour: Fundamentals and Applications to Welfare, 2nd edition; CABI Publishing:
Wallingford, UK. https://www.cabidigitallibrary.org/ doi/book/10.1079/9780851990040.0000

Minka NS, and Ayo JO (2013). Physiological and behavioral responses of goats to 12-hour road transportation, lairage and grazing periods, and
the modulatory role of ascorbic acid. Journal of Veterinary Behavior, 8(5): 349-356. https://doi.org/10.1016/j.jveb.2013.01.001

Mohamed C, Dhaoui A, Ben-Nasr J (2023). Economics and profitability of goat breeding in the maghreb region. in goat science -
Environment, Health and Economy, InTech Inc. https://www.intechopen.com/chapters/75750

Nair MRR, Sejian V, Silpa MV, Fonséca VF, de Melo Costa CC, Devaraj C, Krishnan G, Bagath M, Nameer PO and Bhatta R (2021) Goat as the
ideal climate-resilient animal model in tropical environment: revisiting advantages over other livestock species. International Journal of
Biometeorology, 65(12):2229-2240. https://doi.org/10.1007/s00484-021-02179-w

Ofori SA, Hagan JK, and Kyei F (2021). Morphometric characterization and differentiation of West African Dwarf goat populations in Ghana.
Tropical Animal Health and Production, 53(1):69. https://doi.org/10.1007/s11250-020-02498-x

Oguntade DO, Isidahomen CE, Loyinmi I, Igene FU, Okoruwa MI, Agboghidi O, and Ajewole A (2024). Genetic variation in thermotolerant traits of
three Nigerian goats reared in the humid environment. Nigeria Journal of Animal Production 51(1):92 - 104
https://doi.org/10.51791/njap.v51i1.8111

Oguntunji A, Oladejo A, Ayoola O, Oluwatomini |, Oriye O, and Egunjobi M (2019). Genetic variation in physiological adaptation of local, exotic and
crossbred ducks to heat stress in a tropical environment. Genetics and Biodiversity Journal, 3(1): 34-39.
https://doi.org/10.46325/gabj.v3i1.48

Oguntunji AO, Oladejo OA, and Ayorinde KL (2015). Seasonal variation in egg production and mortality of Muscovy Ducks (Carina moschata).
Biotechnology in Animal Husbandry, 31(2): 181-192.

Okoruwa MI (2014). Effect of heat stress on thermoregulatory, live bodyweight and physiological responses of dwarf goats in southern Nigeria.
European Scientific Journal, 10(27): 255-264.

Onagbesan OM, Uyanga VA, Oso O, Tona K and Oke OE (2023) Alleviating heat stress effects in poultry: updates on methods and mechanisms of
actions. Front. Vet. Sci. 10:1255520. doi: 10.3389/fvets.2023.1255520

Oseni SO, and Ajayi BA (2014). Phenotypic characterization and strategies for genetic improvement of WAD goats under backyard systems. Open
Journal of Animal Science, 4:253-262. http://dx.doi.org/10.4236/0jas.2014.45032

Oseni SO, Yakubu A, and Aworetan AR (2017). Nigerian west african dwarf goats. Sustainable Goat Production in Adverse Environments: Volume
1l: Local Goat Breeds, Springer, Cham. pp. 91-110. https://doi.org/10.1007/978-3-319-71294-9 8

Parsad R, Ahlawat S, Bagiyal M, Arora R, Gera R, Chhabra P, Sharma U, and Singh A (2025). Climate resilience in goats: a comprehensive review
of the genetic basis for adaptation to varied climatic conditions. Mammalian Genome, 36(1):151-161. https://doi.org/10.1007/s00335-
024-10101-z

Perumal P, Sunder J, Mishra PC, De AK, and Bhattacharya D (2022). Seasonal effect on physiological and haematological profiles, scrotal
circumference and testicular parameters in indigenous goat bucks under tropical humid island ecosystem. The Indian Journal of Animal
Sciences, 92(5):604-610. https://doi.org/10.56093/ijans.v92i5.118435

Ross OA, Curran MD, Crum KA, Rea IM, Barnett YA, and Middleton D (2003). Increased frequency of the 2437T allele of the heat shock protein
70-Hom gene in an aged Irish population. Experimental Gerontology, 38(5):561-265. https://doi.org/10.1016/S0531-5565(03)00006-8

Salama AAK, Caja G, Hamzaoui S, Badaoui B, Castro-Costa A, Facanha DA, Castro-Costa A, Facanha DAE, Guilhermino MM, Bozzi R. (2014).
Different levels of response to heat  stress in dairy goats. Small Ruminant Research, 121(1):73-79.
https://doi.org/10.1016/j.smallrumres.2013.11.021

Sejian V, Silpa MV, Nair MR, Devaraj C, Krishnan G, Bagath M, Chauhan SS, Suganthi RU, Fonseca VFC, Konig S, Gaughan JB, Dunshea FR, and
Bhatta R (2021). Heat stress and goat welfare: Adaptation and production considerations. Animals, 11(4):1021.
https://doi.org/10.3390/ani11041021

Shittu 00, Odeyemi AJ, Adekunle EO, Majekodunmi BC, Toviesi DP, Osinowo OA, et al. (2023). Comparative study of physiological adaptation in
West African Dwarf and kalahari red goats in the humid tropics. Nigerian Journal of Animal Production, 50(1): 21-34.
https://njap.org.ng/index.php/njap/article/view/3901

Sophia |, Sejian V, Bagath M, and Bhatta R (2016). Quantitative expression of hepatic toll-like receptors 1-10 mRNA in Osmanabadi goats during
different climatic stresses. Small Ruminant Research, 141:11-6.https://doi.org/10.1016/j.smallrumres.2016.06.005

Syafiga NN, Zulkifli I, Zuki AB, Goh YM, and Kaka U (2023). Physiological, haematological and electroencephalographic responses to heat stress
in Katjang and Boer goats. Saudi Journal of Biological Sciences, 30(11):103836. https://doi.org/10.1016/j.sjbs.2023.103836

Tella A, Bala DG, Agbetuyi OA, Osunkeye JO, Oluwadele JF (2025). Molecular Estimation of Inbreeding Coefficient of Reared Nigerian Indigenous
Goats. Journal of Agriculture, Food, Environment and Animal Science, 6(2): 674-687. https://
www.jafeas.com/index.php/j1/article/view/350

Timveh JT, Yakubu A, and Alu SE (2022). Effects of breed and sex on the adaptive profile of tropical goats. Acta Fytotechnica et Zootechnica,
25(1):24-33. https://doi.org/10.15414/afz.2022.25.01.24-33

Tucker BS, Petrovski KR, Craig JR, Morrison RS, Smits RJ, Kirkwood RN. (2023). Associations between surface and rectal temperature profiles of
low-birth-weight Piglets. Animals, 13(20): 3259. https://doi.org/10.3390/ani13203259

Zhou G, He X, Yang K, Li L, Guo H, Wang G, et al. (2023). Effects of temperature and relative humidity on behavior and physiological indices in
goats. Small Ruminant Research, 229:107126. https://doi.org/10.1016/j.smallrumres.2023.107126

340


https://www.idosi.org/aejaes/jaes7(1)/10.pdf
https://doi.org/10.1016/j.jtherbio.2023.103528
https://doi.org/10.1080/09291016.2017.1377984
https://doi.org/10.61308/KQSI3176
https://www.cabidigitallibrary.org/%20doi/book/10.1079/9780851990040.0000
https://doi.org/10.1016/j.jveb.2013.01.001
https://www.intechopen.com/chapters/75750
https://link.springer.com/article/10.1007/s00484-021-02179-w#auth-G_-Krishnan-Aff1
https://link.springer.com/article/10.1007/s00484-021-02179-w#auth-M_-Bagath-Aff1
https://link.springer.com/article/10.1007/s00484-021-02179-w#auth-P__O_-Nameer-Aff2
https://link.springer.com/article/10.1007/s00484-021-02179-w#auth-R_-Bhatta-Aff1
https://doi.org/10.1007/s00484-021-02179-w
https://doi.org/10.1007/s11250-020-02498-x
https://doi.org/10.51791/njap.v51i1.8111
https://doi.org/10.46325/gabj.v3i1.48
https://www.doi.org/10.3389/fvets.2023.1255520
http://dx.doi.org/10.4236/ojas.2014.45032
https://doi.org/10.1007/978-3-319-71294-9_8
https://link.springer.com/article/10.1007/s00335-024-10101-z#auth-Upasna-Sharma-Aff1
https://link.springer.com/article/10.1007/s00335-024-10101-z#auth-Ajay-Singh-Aff1
https://doi.org/10.1007/s00335-024-10101-z
https://doi.org/10.1007/s00335-024-10101-z
https://doi.org/10.56093/ijans.v92i5.118435
https://doi.org/10.1016/S0531-5565(03)00006-8
https://doi.org/10.1016/j.smallrumres.2013.11.021
https://doi.org/10.3390/ani11041021
https://njap.org.ng/index.php/njap/article/view/3901
https://doi.org/10.1016/j.smallrumres.2016.06.005
https://doi.org/10.1016/j.sjbs.2023.103836
http://www.jafeas.com/index.php/j1/article/view/350
https://doi.org/10.15414/afz.2022.25.01.24-33
https://doi.org/10.3390/ani13203259
https://doi.org/10.1016/j.smallrumres.2023.107126

Fatoki et al., 2026

Publisher’s note: Scienceline Publication Ltd. remains neutral with regard to jurisdictional claims in published maps and institutional affiliations.

Open Access: This article is licensed under a Creative Commons Attribution 4.0 International License, which permits use, sharing,
sv adaptation, distribution and reproduction in any medium or format, as long as you give appropriate credit to the original author(s)
and the source, provide a link to the Creative Commons licence, and indicate if changes were made. The images or other third party material in
this article are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line to the material. If material is not
included in the article’s Creative Commons licence and your intended use is not permitted by statutory regulation or exceeds the permitted use,
you will need to obtain permission directly from the copyright holder. To view a copy of this licence, Vvisit
https://creativecommons.org/licenses/by/4.0/.
© The Author(s) 2026

341


https://www.science-line.com/
https://creativecommons.org/licenses/by/4.0/

