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ABSTRACT
The present study was carried out to evaluate the physiological responses of Osmanabadi goats to heat stress. The total 18 experimental goats were divided into three groups viz group exposed to control ( no exposure), 4 and 8 hours of direct sunlight exposure during grazing respectively. The animals  were exposed to heat for 30 days during summer. Before the start of the experiment, these animals were exposed to heat for 07 days to acclimatize. The samples were collected on Day 0, Day 15, and Day 30 of the experiment to observe the effect of different duration of heat exposure on all physiological parameters. The temperature humidity Index (THI) values during the experimental period were found to be (79.54±0.45). The result of the statistical analysis showed that there was no significant difference Group wise  in the Rectal temperature. However, the Respiration Rate, Pulse Rate and Heart Rate in Group wise comparison showed a significant difference (P < 0.05) with increasing trend. In Day wise comparison of Respiratory Rate there was on significant differences at different days in control. However, there was a significance difference (P < 0.05) in group 4 and 8 hours of direct sunlight exposure at different days with increasing trend. Pulse Rate Day wise comparison showed no significant difference at different days in Group 4 and 8 hours of direct sunlight exposure while there was a significant difference at different days in Group  with 8 hours exposure  showing higher values at Day 15 & Day 30 as compared to at Day 0. However, the Heart Rate Day wise comparison showed no significant difference at different days in control, while  there was a significant difference (P < 0.05) at different days in Group 4 and 8 hours exposure with higher values at Day 15 & Day 30 as compared to at Day 0.   
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1. INTRODUCTION:
           Goats (Capra aegagrus hircus), as small ruminants, hold immense significance in sustainable agriculture, particularly in the rural economies of developing nations. Their adaptability, disease resistance, prolificacy, and low maintenance costs make them a practical choice for marginal farmers (Oluwatayo and Oluwatayo, 2012). India has 148.88 million goats, ranking second globally, with a 10.14% growth since the last census. Maharashtra leads with 10.60 million goats a 25.72% rise highlighting goat farming’s growing economic importance (20th Livestock Census, 2019). Among Indian breeds, the Osmanabadi goat, native of Osmanabad, Latur and Beed  Districts of  Maharashtra, is well-known for its resilience and desirable traits (Kharkar et al., 2017). 
A physiological assessment of an animals capacity to withstand the vigorous climatic stress in warm conditions involves changes in body temperature and respiration rate. Climate change and rising ambient temperatures have made heat stress an increasingly critical issue in livestock management. Heat stress in goats impairs physiological functions, reduces feed intake, growth, and reproduction, and can lead to significant economic losses (Habeeb et al., 2023). A common physiological indicators of heat stress include elevated respiration rate, rectal temperature, and heart rate (Prasannan et al., 2025).
Noticeable increases in the respiratory rate above normal levels indicated that the animal were trying the maintain homeostasis by dissipating heat load from their body (Nienaber and Hahn 2007). Increased respiratory rate during the summer season show that an animals initial response to heat stress is an increase in respiratory rate, causing loss of heat by evaporation (Renaudeau et al., 2012). Similarly, the rectal temperature in heat-stressed Osmanabadi goats was observed higher in the afternoon (THI=80.91) compared to the morning (THI=72.21) Shilja et al., (2016). The direct temperature effect on goats, which results in an increase in blood flow from the core to the periphery to maintain body temperature, was the main cause of the elevated pulse rate during the summer (Shaji et al., 2016). These physiological processes include increased breathing, panting and radiating heat lost through sensible (convection, conduction and radiation) and insensible (loss by diffusion of water through the skin) mechanisms (Marai et al., 2007). 
All the same, there are few inconsistent appeal on how chronic heat stress affects physiological indicators in native goat. Thus, it is imperative to investigate how heat stress affects Osmanabadi goats physiological and biochemical characteristics. Accordingly, the goal of the current study is to determine how heat stress affects physiological parameters in Osmanabadi goat.
[bookmark: bbib27] 2. MATERIAL AND METHODS:
The study involved eighteen Osmanabadi Goat older than two years of age that appear to be in good health with comparable body weights and kept under semi-intensive farming system at Punyashlok Ahilyadevi Maharashtra Mendhi va Sheli Vikas, Prakshetra, Dahiwadi Taq: Man Dist. Satara. They were maintained on a comparable diet and maintained under similar managemental practices during the research. Animals were divided into three groups: Group A, which was not exposed to heat (control group), Group B, which was subjected to heat for four hours per day from 9:00 am to 1:00 pm and Group C, which was exposed to heat for eight hours per day from 9:00 am to 4:00 pm while grazing. The animals in Groups B and C were exposed to heat for 30 days during summer (March-June). Before the start of the experiment, these  animals were exposed to heat for 07 days to acclimatize.
Routine health managemental practices were followed including vaccination and deworming regularly in the farm. The variables related to weather such as the temperature and relative humidity were reported from which the temperature-humidity index (THI) was calculated by using following formula  (0.8×Tdb) + [(RH/100) × (Tdb-14.4)] +46.4 in which Tdb is the dry bulb temperature and RH is relative humidity  (Mader et al.,2006).
Physiological Parameters likes Rectal temperature (F), pulse rate (rates/min), respiration rate (breaths/min) and heart rate (rates/min) were measured daily by standard methods. Physiological parameters under study were subjected to statistical analysis using IBM SPSS software by applying the Duncan’s Multiple Range Test.

 3. RESULT AND DISCUSSION:
All the physiological parameters were showing variations in the animals demonstrated their adaptation to their surroundings. Depending on the kind of tissue, acclimatization can take a few days to many weeks. The heat stress response causes metabolic changes in a few days (Collier et al., 1982). However, dehydration and severe heat stress cause physiological responses to alter instantly. 
The average temperature humidity index (THI) value during the experiment was (79.54±0.45). The THI value of zero day (78.37±0.00) was lowest, average of Day 1 to Day 15 (78.88±0.33) was higher than Day 0 and average of Day 16 to Day 30 was highest (80.19±0.45) with a significant difference (P<0.001) during the study period. The average THI of entire experimental period was (79.54±0.45) which indicates that the Osmanabadi Goat in the study were under stress.
3.1 Rectal Temperature (°F):
Table 1 represents Group-wise and Day-wise Mean ± S.E. values of rectal temperature  in  during heat stress of Osmanabadi Goats. The RT ranged from 98.16 ± 0.28 to 102.99 ± 0.32, with an average of 100.90 ± 0.30°F. No significant difference (P<0.05) was observed among Group A (98.16 ± 0.28°F), Group B (101.57 ± 0.32°F), and Group C (102.99 ± 0.32°F), though an increasing trend was noted. Day-wise, RT in Group A showed no significant change. However, Group B showed a steady rise from Day 0 (101.03 ± 0.35) to Day 15 (101.56 ± 0.35) and Day 30 (102.03 ± 0.28). Group C exhibited a more pronounced increase from Day 0 (102.35 ± 0.54) to Day 15 (102.83 ± 0.19) and Day 30 (103.80 ± 0.25), indicating the effect of prolonged heat exposure. These findings accordance with Banerjee et al., (2015), Al-Haidary et al., (2015), and Ramana et al. (2013), who reported elevated RT in animals under heat stress.
Table 1: Group-wise and Day-wise Mean± S.E. values of Rectal temperature concentration during heat stress of Osmanabadi Goat 
	
	Day 0
	Day 15
	Day 30
	Total

	 Control(Gr A)
	95.73±0.31Aa
	98.66±0.20Aa
	100.10±0.35Aa
	[bookmark: _Hlk201674009]98.16±0.28 A

	4 hrs (Gr B)
	[bookmark: _Hlk201675287]101.03±0.35Aa
	101.65±0.35Aa
	[bookmark: _Hlk201675335]102.03±0.28Ba
	[bookmark: _Hlk201675168]101.57±0.32A

	8 hrs (Gr C)
	[bookmark: _Hlk201675397]102.35±0.54Aa
	[bookmark: _Hlk201675423]102.83±0.19Aa
	103.80±0.25Ba
	[bookmark: _Hlk201674037]102.99±0.32 A

	Total
	99.70±0.40a
	101.04±0.16a
	101.97±0.17a
	[bookmark: _Hlk201674097]100.90±0.30


* Superscripts with A B C in first column indicates group-wise comparison.
** Superscripts with a b c in first three rows indicates day wise comparison.
*** Similar superscripts indicates no significant different while dis-similar superscripts indicates significant differences at 5 % level.
3.2. Respiration Rate(breath/min.)
Table 2 represent Group-wise and Day wise Mean ± S.E. values of Respiration Rate during heat stress of Osmanabadi Goat.  RR ranged from 20.27 ± 0.91 to 91.00 ± 2.68 breaths/min. with an average of 54.49 ± 7.56 breaths/min. Group C recorded the highest RR (91.00 ± 2.68), followed by Group B (52.22 ± 19.10) and Group A (20.27 ± 0.91). Statistical analysis showed that in group wise comparison there was significant difference (P<0.05) in RR between Group  C recorded the highest RR (91.00 ± 2.68), followed by Group B (52.22 ± 19.10) and Group A (20.27 ± 0.91). 
In day wise comparison there was no significant difference (P<0.001) at different days in respiration rate (RR) within group A. whereas Group B and C had significantly higher RR at 30 fallowed by  15 days as compared to 0 Days, with an increasing trend. These findings are inconsistent with  Sejian et al. (2013), Maurya et al., (2013), Al-Hidary et al. (2015), Banerjee et al. (2015), and Habeeb et al. (1993). The observed increase in RR under heat stress is a physiological mechanism to promote heat dissipation, as also suggested by Silanikove (2000), an Marai et al. (2007) and Prasannan et al., (2025).
The increase in RR under high temperature is mainly due to moisture evaporation via the respiratory system ( Marai et al., 2007). resent work advise that the elevated RR in heat stress in sheep helps to facilitate heat stress, as indicated by Silanilove N. (2000) , who reported RR as a reliable indicator of heat stress.
Table 2. Group-wise and day-wise Mean± S.E. values of Respiration rate during heat stress of Osmanabadi Goat  

	
	Day 0
	Day 15
	Day 30
	Total

	Control(Gr A)
	20.33±1.25Aa
	20.50±0.67Aa
	20.00±0.81Aa
	20.27±0.91A

	4 hrs (Gr B)
	48.50±2.18Aa
	52.16±51.16Ba
	56.00±3.34Ba
	[bookmark: _Hlk201588375][bookmark: _Hlk201675783]52.22±19.10B

	8 hrs (Gr C)
	83.00±3.93Aa
	92.00±3.21Ba
	98.00±0.92Ba
	[bookmark: _Hlk201588250][bookmark: _Hlk201675810]91.00±2.68C

	[bookmark: _Hlk201675561]Total
	50.61±2.45a
	54.88±20.87a
	58.00±9.68a
	[bookmark: _Hlk201588282]54.49±7.56


* Superscripts with A B C in first column indicates group-wise comparison.
** Superscripts with a b c in first three rows indicates day wise comparison.
*** Similar superscripts indicates no significant different while dis-similar superscripts indicates significant differences at 5 % level.

3.3. Pulse Rate (rate/min.)
Table 3. Represent Group-wise and day-wise Mean ± S.E. of pulse rate during heat stress of Osmanabadi Goat. The PR ranged from 72.44±1.54 to 84.16±0.46 rate/min, with an average of 77.12±0.83 rate/min. Group C had the highest PR (84.16±0.46), followed by Group B (74.77±0.51) and Group A (72.44±1.54). Statistical analysis revealed in group wise comparison there was a  significant difference (P<0.05) between Group A, B and C.
In Day-wise, comparison Group A and B showed no significant difference at different days. In group C, PR value differed significantly between 0 Days (76.50±0.47), 15 Days (85.16±0.98), and 30 Days (90.83±0.73) with  clear  increasing trend.
These findings were corroborated with Banerjee et al., (2015), Ramana et al.,(2013), Indu et al.,(2014), and Wojtas et al.,(2014), who noted increased PR in heat-stressed animals. Significantly higher values of the pulse rates in osmanabadi Goat of group C  followed by  group B and group A may be due to increased blood flow to the surface for heat dissipation, reflecting the animals metabolic state and circulatory homeostasis (Silanikove (2000) & Marai et al. 2007).
Table 3. Group-wise and day-wise Mean± S.E. values of Pulse rate during heat stress of Osmanabadi Goat
	
	Day 0
	Day 15
	Day 30
	Total

	 Control(Gr A)
	69.83±1.68Aa
	71.83±1.45Aa
	75.66±1.51Aa
	72.44±1.54A

	4 hrs (Gr B)
	72.16±0.85Ba
	73.66±0.60Ba
	78.50±0.61Ba
	74.77±0.51B

	8 hrs (Gr C)
	76.50±0.47Ba
	85.16±0.98Ca
	90.83±0.73Ca
	84.16±0.46C

	Total
	72.83±1.00a
	76.88±0.68a
	81.66±0.79a
	77.12±0.83


* Superscripts with A B C in first column indicates group-wise comparison.
** Superscripts with a b c in first three rows indicates day wise comparison.
*** Similar superscripts indicates no significant different while dis-similar superscripts indicates significant differences at 5 % level.

3.4.  Heart Rete (beats/min.)
Table 4 represent Group-wise and Day-wise Mean ± S.E. values of Heart Rate (beats/min) during heat stress in Osmanabadi Goat. The values ranged from 73.49 ± 1.85 to 77.72 ± 0.80, with an average of 75.66 ± 1.23 beats/min. In group wise comparison there was a significant difference (P<0.05) in the three all groups with increasing trend. 
In Day-wise comparison at different days there was no significant different in group A. In group B and group C the values of HR at different days were significantly different (P<0.05) with higher values at day 30 as compared to day 15.  
These findings  were in consistent with   Attia (2016), Al-Haidary et al., (2012), Marai et al.,(2007), McManus et al., (2009), and Silanikove (2000), who observed that heat stress leads to elevated heart rates in animals as part of a physiological adaptation to manage thermal load.
Table 4. Group-wise and day-wise Mean± S.E. values of Heart rate (beats/min) during heat stress of Osmanabadi Goat
	[bookmark: _Hlk201673819]
	Day 0
	Day 15
	Day 30
	Total

	Control(Gr A)
	72.33±1.72Aa
	73.50±1.49Aa
	74.66±2.35Aa
	73.49±1.85A 

	4 hrs (Gr B)
	73.33±2.47Aa
	76.00±1.36Ba
	78.00±1.54Ba
	75.77±1.04 B

	8 hrs (Gr C)
	[bookmark: _Hlk201678442]74.50±1.24Aa
	[bookmark: _Hlk201678399]77.66±1.85Ba
	[bookmark: _Hlk201678344]81.00±1.01Ca
	77.72±0.80C 

	Total
	73.38±1.81a
	75.72±1.29a
	77.88±1.15a
	75.66±1.23


* Superscripts with A B C in first column indicates group-wise comparison.
** Superscripts with a b c in first three rows indicates day wise comparison.
*** Similar superscripts indicates no significant different while dis-similar superscripts indicates significant differences at 5 % level.

4. CONCLUSION:
From this study it can be concluded that exposure of Osmanabadi goats to heat stressed groups led to significantly elevated physiological parameters like heart, respiration, and pulse rates indicating physiological strain, while rectal temperature remained stable suggesting adaptive thermoregulatory mechanisms under prolonged sunlight exposure. Consequence of THI on these physiological parameters was more effective as compared to duration of exposure.
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