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Abstract: Understanding the complex interplay between breed, diet, and sex on thermo-physiology is crucial 
for developing effective strategies to manage heat stress in Nigerian goat production. This experiment was 
conducted to study the effects of breed, diet, and sex on the thermos-physiological response of Nigerian goats. 
A total of 36 weaner goats of two breeds (West African dwarf, n=18; 9 males + 9 females) and Red Sokoto 
goats, n=18; 9 males + 9 females) were used for the experiment. A 2×3×2 factorial experiment comprising two 
breeds, three diet groups, and two sexes in a completely randomized design. The data collected included rectal 
temperature, pulse rate, respiratory rate, and the heat stress index, which was also calculated. The effects of the 
collected data were analyzed using SAS JMP software. The effect of breed, as indicated by the variability chart 
and summary, on the thermo-physiological indices of goats revealed variability in pulse rate and respiratory 
rate. The diet showed differences in rectal temperature, pulse rate, and respiratory rate. According to the chart, 
male goats exhibited higher thermo-physiology indices compared to females. It can be concluded that the 
experimental goats experienced minor or moderate heat stress, which is crucial for maintaining productivity, 
growth, and overall well-being. 
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INTRODUCTION

Goats are integral to the livelihoods of many 
Nigerian farmers; therefore, examining their 
thermal comfort and physiological responses is 
crucial for maintaining their health and produc-
tivity (Mallam et al., 2024). In livestock, partic-
ularly goats, various factors significantly influ-
ence the thermoregulatory mechanisms. Among 
these factors, breed, sex, and diet play pivotal 
roles in determining the thermo-physiological 
parameters of goats. Understanding these influ-
ences is crucial for optimizing goat management 
practices, enhancing productivity, and ensuring 
animal welfare, particularly in Nigeria’s diverse 

climatic conditions. Indigenous Nigerian breeds, 
such as the West African Dwarf (WAD) and Red 
Sokoto (RS) goat, are known for their resilience 
to heat stress compared to exotic breeds. These 
adaptations may include differences in body size, 
coat characteristics, and metabolic rates that af-
fect how heat is dissipated. West African Dwarf 
goats have been observed to possess superior 
mechanisms for thermo-regulation, such as in-
creased surface area-to-volume ratios and more 
efficient sweating rates, which enhance their abil-
ity to cope with high ambient temperatures typi-
cal of many regions in Nigeria (Ayo et al., 2009; 
Oduguwa et al., 2010). Research indicates that 
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male goats typically have greater muscle mass 
and higher metabolic rates, resulting in increased 
heat production during physical exertion (Nwosu 
et al., 2018). Conversely, female goats may dem-
onstrate better adaptability to heat stress due to 
their reproductive physiology and fat distribution 
patterns. Diets rich in fiber may enhance thermo-
regulation by promoting fermentation processes 
that generate heat while providing essential nu-
trients for growth and reproduction (Khan et al., 
2016). To comprehensively understand the effects 
of breed, sex, and diet on the thermo-physiology 
of Nigerian goats, variability charts can be em-
ployed. Such graphical representations facilitate 
a clearer understanding of how these factors in-
teract and influence goat health and productivity. 
By investigating these relationships through sys-
tematic research and using tools such as variabil-
ity charts and summary tables, we can enhance 
our understanding of goat physiology in response 
to environmental stresses. This knowledge is 
crucial for developing targeted interventions that 
enhance goat management practices, ultimately 
leading to improved productivity and sustainabil-
ity within the Nigerian goat farming sector.

Therefore, the objective of this study is to as-
sess the effects of breed, sex, and diet on the ther-
mo-physiological response of Nigerian goats us-
ing a variability chart and descriptive statistics.

MATERIALS AND METHODS

The study area
This experiment was carried out at the Live-

stock Teaching and Research Farm of the Ani-
mal Science Department, Faculty of Agriculture, 
Shabu-Lafia Campus, Nasarawa State University, 
Keffi. Lafia is located on latitude 080 35˝ and lon-
gitude 080 33˝ (Ovimap, 2023). It is geographi-
cally located in the Guinea Savanna Zone of 
North Central Nigeria. It has a mean maximum 
monthly temperature of 35.06 °C and a mean 
minimum monthly temperature of 20.16 °C, with 
a mean monthly relative humidity of 74%. The 
annual rainfall is approximately 168.90 mm (Ni-
Met, 2023).

Sources of experimental materials 
The grass (Digitaria smutsii) was sourced 

from the National Animal Production Research 
Institute (NAPRI) at Ahmadu Bello Univer-
sity, Shika, Zaria, Nigeria. In contrast, the two 
legumes (groundnut haulms and cowpea husk) 
were sourced from farms after harvest in Lafia, 
Nasarawa State. 

Experimental diets
The diet groups included 100% Digitaria 

smutsii (diet 1), 50% Digitaria smutsii +50% 
groundnut haulms (diet 2), and 50% Digitaria + 
50% cowpea husk (diet 3). 

Experimental Goats and Management 
Physically sound goats were randomly sourced 

from reputable local farms in Lafia, Nasarawa 
State. A total of 36 weaner goats of two breeds 
(West African dwarf, n=18; 9 males + 9 females) 
and Red Sokoto goats, n=18; 9 males + 9 females) 
of about 3-4 months of age were sourced from 
farmers for the experiment. Upon arrival, the ex-
perimental goats were allowed to acclimatize for 
a period of 2 weeks during which they were de-
wormed against parasites and vaccinated against 
Peste des petits ruminants (PPR). Diets and water 
were provided ad libitum, and other routine man-
agement practices were adopted throughout the 
experimental period, as described by Timveh et 
al. (2022).

Thermo-physiology data collected 	
The thermo-physiology data collected in-

cluded rectal temperature (RT), pulse rate (PR), 
and respiratory rate (RR), while the heat stress 
index (HSI) was calculated. A digital thermom-
eter was used to take each animal’s rectal tem-
perature. After disinfecting the sensory tip of 
the digital thermometer, it was placed into the 
rectum. This was taken out following the alarm 
signal, and the displayed body temperature was 
recorded. Pulse rate was determined by count-
ing the heartbeats using a stethoscope over a 
specified time period and expressed as the num-
ber of beats per minute. This was achieved by 
positioning the stethoscope on the left side of 



Животновъдни науки, 2025, 62 (5) Bulgarian Journal of Animal Husbandry, 2025, 62 (5)

5

the chest. The respiratory rate was measured by 
counting the movements of the flanks around 
the lower back area per minute using a stop-
watch. The RT, PR, and RR were taken between 
6:30 am and 9:30 am, and 1:00 pm and 3:00 pm 
every day.

Heat stress index (HSI) was calculated as:
HSI = RR/PR × NP/NR
Where RR actual respiratory rate; PR = actual 

pulse rate; NP = normal pulse rate; NR normal 
respiratory rate. In both goat breeds, the basal 
reference value for NR was 30 breaths/minute, 
while that of NP was 90 beats/minute (Yakubu 
et al. 2017b).

Statistical Analysis	
Data collected on the thermo-physiological 

parameters were analyzed using a Variability /
Attribute Gauge Chart in SAS JMP for the vari-
ability chart and summary.

RESULTS AND DISCUSSION 

A variability chart and summary showing the 
rectal temperature of different breeds, sexes, and 
diet groups of the experimental goats are present-
ed in Figure 1 and Table 1, respectively. The aver-
age means for Red Sokoto females showed that 
goats fed 100% DS and 50%DS + 50%CH were 
similar, while the least was found in goats fed 
50%DS + 50%CH. For the Red Sokoto male, it 
was revealed that goats fed 50%DS + 50%CH had 
a higher temperature. The average rectal tempera-
ture of West African Dwarf female goats showed 
that goats fed 100DS and 50%DS + 50%CH had 
similar average rectal temperatures, while the 
lowest was found in goats fed 50%DS + 50%CH. 
The temperature of West African Dwarf male 
goats indicated that goats fed 50% DS50 % GH 
had the highest rectal temperature, while those 
fed 100% DS and 50%DS + 50%CH had simi-
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 Figure 1. Variability chart showing the temperature of different breeds, sexes, and diet groups of the 
experimental goats

TEMP= Rectal temperature, DS= Digitaria smutsii, CH= Cowpea husk, GH= Groundnut haulms
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lar rectal temperatures. The variability summary 
presented in Table 1 indicates that the mean rectal 
temperature ranges from 37.1125 °C to 38.7446°C, 
with a minimum rectal temperature of 34 °C and 
a maximum rectal temperature of 41.6 °C.

The average rectal temperature values ob-
served in the study across the breeds were within 
the range reported by Timveh et al. (2022), who 
reported 38.93 ± 0.10 °C for West African dwarf 
goats and 38.59 ± 0.10 °C for Red Sokoto goats. 
The breed did not affect the heat stress index, as 
observed in the present study. The similar tem-
perature profiles found in the WAD and RS goats 
support studies that show domestic goats are 
among the best adapted to extreme climates com-
pared to other ruminant species. The rectal tem-
perature values obtained in this study were with-
in the range of 38.40±0.36°C to 39.30±0.67°C, 
as previously reported by Ajayi et al. (2010) and 
Sanusi et al. (2011) for WAD goats. The higher 
rectal temperatures observed for WAD goats on 

diets 50%DS+50%GH and 100%D may be a re-
sult of the increased heat generated during the 
breakdown of the feeds. This finding is in agree-
ment with the results of Hicks et al. (2001), who 
previously reported that rumen temperature is in-
fluenced by body temperature and can be used to 
predict diseases or heat stress.

Figure 2 and Table 2 present the variabil-
ity chart and summary of pulse rates for differ-
ent breeds, sexes, and diets of the experimental 
goats. The average means for Red Sokoto females 
showed that goats fed 100%DS had the highest 
pulse rate, followed by those fed 50%DS50%CH, 
and the least was seen in those fed 50%DS50%GH, 
while the pulse rate of Red Sokoto males revealed 
that goats fed 100%DS had the highest pulse rate, 
followed by those fed 50%DS50%GH, and the 
least was observed in those fed 50%DS50%CH. 
The pulse rate of female WAD goats showed that 
goats fed 50% DS 50% GH had the highest pulse 
rate, followed by goats fed 50% DS 50% CH, and 
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Figure 2. Variability chart showing pulse rate of different breeds, sex, and diet group of the experimental 
goats

PR= Pulse rate, DS= Digitaria smutsii, CH= Cowpea husk, GH= Groundnut haulms
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Figure 3. Variability chart showing the respiratory rate of different breeds of goats, sex, and diet group
RR= Respiratory rate, DS= Digitaria smutsii, CH= Cowpea husk, GH= Groundnut haulms

the lowest was observed in goats fed 100% DS. 
Similarly, male WAD goats fed 50% DS and 50% 
GH had the highest pulse rate, while those fed 
100% DS and 50% DS50 % CH had similar pulse 
rates. The variability summary presented in Ta-
ble 2 indicates that the mean pulse rate ranged 
from 70.25688 to 84.18405 beats/minute, with a 
minimum of 56 beats/minute and a maximum of 
108 beats/minute, as observed in Table 2.

The pulse rates observed in this study were 
higher than the values reported by Timveh et al. 
(2022). This may be due to changes in the age 
of the animals, season, and other environmental 
factors during the study. The increased pressure 
in the RS goats may be due to increased blood 
flow from the core to the skin surface, allowing 
more heat to pass through the skin. The pulse rate 
was significantly affected by dietary intake, with 
those fed 100% DS having a higher pulse rate 
compared to those on diets 50% DS + 50% GH 
and 50% DS + 50% CH. This difference in pulse 
rate was reported by Ogebe et al. (1996), who not-

ed that the speed at which the heart pumps blood 
throughout the body, hence the pumping rate of 
blood in goats on a 100% DS diet, was higher than 
in diets 50%DS+50%GH and 50%DS+50%CH. 
Timveh et al. (2022) reported that pulse rate was 
higher in females (54.70 ± 0.24 versus 53.73 ± 
0.24), which differs from the present study, in 
which pulse rate in males was higher than in their 
female counterparts.

Figure 3 and Table 3 present the variability 
chart and summary of respiratory rates for differ-
ent breeds, sexes, and diets of the experimental 
goats. The average means for Red Sokoto females 
showed that goats fed 50% DS and 50% CH had 
the highest respiratory rate, followed by those fed 
100% DS. The least was found in those fed 50% 
DS and 50% GH. The respiratory rate of Red So-
koto male goats fed 100% DS was the highest, 
followed by those fed 50% DS and 50% GH, and 
the lowest was observed in those fed 50% DS and 
50% CH. The respiratory rate of female West Af-
rican Dwarf goats showed that goats fed 50% DS 
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50% CH had the highest respiratory rate, followed 
by goats fed 50% DS 50% GH, and the least was 
observed in goats fed 100% DS. However, male 
West African Dwarf goats fed 100% DS had the 
highest respiratory rate, while those fed 50% DS, 
50% CH, and 50% GH were similar and had the 
least. The variability summary presented in Table 
3 indicates that the mean respiratory rate ranges 
from 29.0367 to 34.90798 breaths/minute, with a 
minimum pulse rate of 23 breaths/minute and a 
maximum respiratory rate of 44 breaths/minute, 
as observed in Table 3.

Respiratory rate serves as a dependable mea-
sure of heat load and is an indicator of thermal 
stress (Alam et al., 2011). The basal reference re-
spiratory rate is 15–30 breaths/minute in goats 
(Robertshaw and Dmi’el, 1983). So, measuring 
the rate of breathing and determining if an ani-
mal is panting, along with assessing the level of 
heat stress based on the panting rate in differ-
ent climates (low: 40–60, medium: 60–80, high: 
80–120, and severe heat stress: >200) appears to 
be the most accessible and most straightforward 

 

HSI 
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0.8 

1 
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1.4 

1.6 
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2.2 

Diet 
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Red Sokoto West African Dwarf Breed 

Figure 4. Variability chart showing heat stress index of different breeds of goats, sex, and diet group
HSI= Heat stress index, DS= Digitaria smutsii, CH= Cowpea husk, GH= Groundnut haulms

method for evaluating the impact of heat stress 
on animals under extreme conditions. Therefore, 
the values in this study were slightly above the 
normal range. Increased respiration in RS goats 
fed 100% DS is a clear indication that respiration 
increases with temperature (environment) and 
weight during the goat maturation cycle to estab-
lish homeostasis (Singh et al., 2002). However, 
the findings were previously reported by Sanusi 
et al. (2011) for WAD goats.

A variability chart and summary showing the 
heat stress index of different goat breeds, sex, and 
diet groups are presented in Figure 4 and Table 
4, respectively. The average means for Red So-
koto females showed that goats fed 50% DS50 % 
CH and 50% DS50 % GH had similar heat stress 
indices, while the least was found in goats fed 
100% DS. For the Red Sokoto male, the results 
revealed that goats fed 50% DS50 % CH had the 
highest heat stress index, while those fed 100% 
DS and 50% DS50 % CH were similar.  The heat 
stress index for WAD female goats showed that 
goats fed 100% DS and 50% DS50 % CH had 
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similar average heat stress indices, and the least 
was found in goats fed 50% DS50 % GH. The 
heat stress index of WAD males indicated that 
goats fed 100% DS had the highest value, while 
those fed 50% DS, 50% CH, and 50% GH had the 
lowest values, which were similar. The variabil-
ity summary presented in Table 4 indicates that 
the mean heat stress index ranges from 1.174277 
to 1.295842, with a minimum of 0.8 and a maxi-
mum of 2.142857.

Thermal stress index values of RS 
goats fed 100%DS, 50% DS+50% GH, and 
50%DS+50%CH diets were found to be 1.25, 
1.24, and 1.26, respectively. Those fed a 50% 
DS+50% CH diet, though not different from oth-
ers, the results were in line with Okoruwa et al. 
(2013), who found that temperature and pulse rate 
are utilized in assessing the physiological condi-
tion and adaptability of domestic animals. The 
higher heat stress index in males in the present 
study is consistent with the finding of Timveh et 
al. (2022), who reported a higher heat stress in-
dex in males (2.35) compared to females (2.26). 
The male goats showed to be more stressed based 
on the heat stress index. This finding aligns with 
the results of Facanha et al. (2012), who reported 
that goats subjected to heat stress exhibited an in-
creased respiratory rate, a dependable indicator 
of heat load and thermal stress (Okoruwa et al., 
2013). Female small ruminants appear to be bet-
ter equipped to handle heat stress than their male 
counterparts, despite both sexes being affected by 
it, as reported by Schoenian (2019). 

CONCLUSION

West African Dwarf (WAD) and Red Sokoto 
(RS) goats have similar rectal temperatures with-
in normal ranges, showing breed does not sig-
nificantly affect heat stress. Males exhibit slightly 
higher temperatures and pulse rates than females. 
Diets combining 50% Digitaria smutsii with 
groundnut haulms or cowpea husk affect thermo-
physiological responses, with some diets, such as 
50% DS + 50% GH, better mitigating heat stress, 
especially in female WAD goats. Respiratory 

rates rise with specific diets, indicating increased 
heat load. Overall, the goats demonstrate good 
adaptability to the local climate.

RECOMMENDATIONS

Incorporating a mix of Digitaria smutsii with 
groundnut haulms or cowpea husk can influence 
heat load management and should be optimized 
to improve animal comfort and productivity. Di-
ets higher in fiber (such as 50% DS + 50% GH) 
may reduce excessive heat production compared 
to feeding 100% DS. Selection for breeding 
should consider physiological resilience to heat 
stress in both RS and WAD goats, with the un-
derstanding that males may require closer mon-
itoring under heat-stress conditions. More fre-
quent monitoring of rectal temperature, pulse, 
and respiratory rate, especially during the hotter 
parts of the day, can help in the early detection 
of heat stress. Providing shade, water ad libitum, 
and dietary adjustments during peak ambient 
temperatures will enhance goats’ thermoregula-
tion and overall welfare.
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