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Comparative study on Fresh Seminal Attributes of Jamnapari and Sirohi bucks and their Interrelationships


Abstract
The study aimed to evaluate the fresh seminal attributes of Jamnapari and Sirohi bucks and their interrelationships. Fresh semen was collected from six bucks (three Jamnapari and three Sirohi) twice a week for eight weeks, totaling 60 ejaculates (10 per buck), using an artificial vagina during the seasonal breeding period. The overall mean ejaculate volume was significantly greater (P=0.05) in Sirohi bucks compared to Jamnapari bucks. The overall mass motility scores were 4.73 ± 0.11 for the Jamnapari and 4.20 ± 0.15 for the Sirohi breeds, indicating that Jamnapari bucks exhibited significantly higher mass motility than Sirohi bucks. However, sperm concentration and total sperm output per ejaculate did not differ significantly (P=0.05) between the two breeds. Additionally, in extended semen, there was no significant difference between the Jamnapari and Sirohi goat sperm indices, except for the percentage of sperm acrosomal integrity and sperm abnormalities. Moreover, the ejaculate volume of Jamnapari and Sirohi bucks was significantly negatively correlated with sperm concentration (r = -0.255 & -0.595, P=.01) and positively correlated with total sperm output per ejaculate (r = 0.946 & 0.837, P=.01), respectively. Sperm motility was significantly positively correlated with sperm viability (r = 0.937 & 0.966, P=.01), percentage of acrosomal integrity (r = 0.88 & 0.969, P=.01), percentage of plasma membrane integrity (r = 0.850 and 0.945, P=.01), and sperm penetration distance in polyacrylamide gel (r = 0.964 & 0.981, P=.01). Conversely, it was negatively correlated with the percentage of sperm abnormalities (r = -0.592 & -0.898, P=.01), seminal plasma AST (r = -0.860 & -0.704, P=.01), and seminal plasma ALT (r = -0.744 & -0.827, P=.01) in Jamnapari and Sirohi bucks, respectively. In conclusion, the study established normal values of fresh semen for both Jamnapari and Sirohi bucks and their interrelationships.
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1. INTRODUCTION
Goats have been associated with humans since the beginning of agriculture and animal domestication, making them a crucial socio-economic species that provides various goods and services worldwide, particularly in developing countries. They are often referred to as "ATM" due to their economic value. Modern humans use goats in many ways, and every part of their body and all their products are significant (Lata and Mondal, 2021). Goats demonstrate remarkable adaptability to diverse environmental conditions, which contributes to their global distribution. The first step in a goat improvement program involves selecting high-quality bucks, as they contribute 50% of the genetic material to the flock (Perumal et al., 2023). Reproductive performance is a key criterion for choosing breeding bucks for natural mating or artificial insemination, which relies on the assessment of semen quality (Devendra et al., 2009). This approach aids in the early detection of male fertility issues linked to inadequate semen quality. Male animal fertility is assessed through semen analysis, which evaluates sperm quantity and the fertilization capability of oocytes under both in vivo and in vitro conditions (Wang et al., 2014). This analysis demonstrates the functional efficacy of the testes in sperm production (Tanga et al., 2021). A combination of in vitro tests is essential for evaluating the fertility of a semen sample, as no single test is sufficient (Sundararaman et al., 2016). Variability in seminal characteristics, including ejaculate volume, mass motility, and sperm concentration among bucks, can be attributed to individual differences. Factors influencing ejaculate volume include age (Bhat et al., 2002; Srivastava, 2011), breed (Tomar et al., 1966), individual traits, collection techniques, seasonal variations (Tuli, 1984), and the frequency of semen collections (Tomar, 1986; Vale, 1997). Moreover, Semen parameter evaluation serves as an accurate, objective, rapid, inexpensive, and standardized method for indicating the fertility of breeding males. This method is distinct from the direct assessment of their ability to impregnate females (Hashida et al., 2005; Bester, 2006). To the best of my our knowledge, no comparative study has been conducted on the physico-biochemical characteristics of fresh semen of Jamnapari, and Sirohi bucks. This research was initiated due to the limited number of comparative studies on seminal attributes in major indigenous goat breeds. The objective of the study is to evaluate and compare the physico-biochemical characteristics of fresh semen of Jamnapari and Sirohi bucks and their Interrelationships=.	Comment by amit kajala: Improvise sentence and reframe it
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2. MATERIALS AND METHODS
Ethical approval
The Institutional Animal Ethics Committee did not require approval for the current study because no invasive procedures were performed on the animals.
Animals and semen collection
In this study, semen samples were collected from six goat bucks, with three bucks chosen from each breed: Sirohi and Jamnapari all aged between 4 and 5 years. All bucks were housed at the Deep-Frozen Semen Laboratory at the College of Veterinary Science and Animal Husbandry, Acharya Narendra Deva University of Agriculture and Technology, located in Kumarganj, Ayodhya, Uttar Pradesh, India. A total of sixty ejaculates (ten from each buck) were collected biweekly using an artificial vagina during the seasonal breeding period, which lasted from early autumn to early winter. The bucks were trained to ejaculate into the artificial vagina during homosexual mounting behavior. After collection, the semen samples were kept at 35°C in a water bath until the primary evaluation was performed in the laboratory.
Semen evaluation
Semen was collected in a 15 mL polypropylene graduated tube and maintained in a water bath set to 35°C. After collection, the semen was evaluated for several parameters, including volume, color, consistency, pH, mass motility, and sperm concentration. The ejaculate volume was measured directly using the markings on the semen collection tube. Sperm concentration was assessed using an Accucell photometer (IMV Technologies). The mass activity of the semen samples was determined according to the methodology outlined by Salisbury et al. (1985). Following the initial evaluation, the semen samples were diluted (1:8) with warm Tris buffer at a pH of 6.8, also maintained at 35°C.
Sperm motility was assessed by placing a 10 µl drop of diluted semen on a warm slide, covering it with a coverslip, and observing it under a phase contrast microscope at 200X magnification. The evaluation of sperm viability and abnormalities was conducted according to the methodology established by Bloom (1950). The integrity of spermatozoa acrosomes was assessed using Giemsa stain, following the procedures outlined by Watson (1975) and subsequently modified by Ranjan et al. (2014). The Hypo-Osmotic Swelling Test (HOST) was performed to evaluate the functional integrity of the sperm plasma membrane, adhering to the methodology detailed by Jayendran et al. (1984). The polyacrylamide gel penetration test was performed and assessed using the grading system established by Lorton, Kummerfeld, and Foote (1981). Seminal plasma from fresh samples was separated through centrifugation at 1100 g for 20 minutes. The activities of alanine amino transaminase and aspartate amino transaminase (ALT-AST) were measured using standard kits (CliniQuant™ micro) and a Merilizer (Meril Diagnostic Pvt. Ltd.).
Statistical analysis
Data were analyzed using GraphPad Prism statistical analysis software (version 5) and are presented as the mean ± standard error of the mean (S.E.M). A t-test was performed to determine significant differences between the mean values. A Pearson correlation analysis was conducted to examine the relationship among various seminal attributes.
3. RESULT AND DISCUSSION
Ejaculate volume, mass motility and sperm concentration 
The mean ejaculate volume (mL) of pooled buck semen recorded from sixty ejaculates in this study was 0.84±0.04 mL. The overall ejaculate volume means were 0.93±0.07 mL for Sirohi bucks and 0.74±0.05 mL for Jamnapari bucks (Table 1 and Figure 1). The ejaculate volumes observed in Sirohi and Jamnapari bucks are consistent with the findings of Alam et al. (2024) for the same breeds. However, these volumes exceed those reported by Gogoi (2004) but are lower than the results from Khadse et al. (2019) and Kumar et al. (2023) for Sirohi and Jamnapari bucks, respectively. The analysis of variance indicated that the mean ejaculate volume was significantly greater (P=0.05) in Sirohi bucks compared to Jamnapari bucks. In contrast, Alam (2024) reported no significant difference (P=0.05) in ejaculate volume between the Jamnapari and Sirohi breeds. Additionally, Borgohain et al. (1985) found no significant difference in ejaculate volume between Beetal and Assam Local bucks. This observation aligns with findings from various researchers (Tuli, 1984; Tomar et al., 1966; Nordin et al., 1990; Younis, 1996; Srivastava, 2011), who noted that variations in ejaculate volume can be influenced by multiple factors, including the skill of the semen collector, the breed of the animal, the timing of semen collection, and the temperature of the artificial vagina used during the collection process. Moreover, Pandey et al. (1985) indicated that larger breeds of bucks, such as Saanen and Barbari, tend to exhibit higher ejaculate volumes.	Comment by amit kajala: In material method nothing is mentioned about pooling	Comment by amit kajala: Specify whether ANOVA or t test was used
The overall mass motility scores were 4.73±0.11 for the Jamnapari breed and 4.20±0.15 for the Sirohi breed (Table 1). These results closely resemble earlier findings: 4.37+ for Jamnapari bucks (Bhuskat et al., 2000), 4.35+ for Barbari bucks (Prasad et al., 1986), and 4.75+ for Beetal bucks (Raza et al., 2006). A significantly higher mass motility was observed in Jamnapari bucks compared to Sirohi bucks. Conversely, Alam (2024) reported that mass activities do not statistically differ between the Jamnapari and Sirohi breeds or among individual bucks within these breeds.
The average sperm concentration in goat bucks was recorded at 3743.00±80.12 million/mL. However, mean sperm concentrations varied among breeds, with values of 3599±86.57 million/mL for Jamnapari and 3647.00±137.90 million/mL for Sirohi (Table 1 and Figure 2). Our observations align with the findings of Sarma et al. (2011) and Goswami (2014) regarding the Beetal breed of goat. In contrast, Choudhury (1985) reported a significantly higher sperm concentration of 4265.00±75.13 million/mL in Beetal buck semen. In the present study, no significant difference was found in sperm concentration between the Jamnapari and Sirohi breeds. Similarly, Alam (2024) reported no significant difference between Sirohi and Jamnapari bucks. It is important to note that sperm concentration can vary due to factors such as age, breed, collection frequency, feeding regimen, and climatic conditions (Sharma et al., 1991). The overall mean values of total sperm output were 2807.00±173.10 million/ejaculate in Jamnapari and 3207.00±186.20 million/ejaculate in Sirohi bucks. In this study, the total sperm output per ejaculate did not differ significantly among the breeds (P=0.05). Similarly, Jayant (2022) found no significant difference (P=0.05) in sperm output per ejaculate between bucks of the Barbari and Jamnapari breeds, nor between bucks within the same breed. Khan et al. (2022) reported no significant differences in sperm concentration among the three breeds: Sirohi, Barbari, and Black Bengals. Factors such as breed and environmental conditions including age, temperature, and ejaculation frequency may influence sperm concentration levels (Ax et al., 2000).
Sperm in vitro Attributes Immediately after semen Collection
The in vitro sperm attributes of the semen samples from the experimental breeds are presented in Table 1 & Figure 3. The evaluated parameters included sperm motility, viability, acrosomal integrity, abnormalities, plasma membrane integrity, penetration distance, and seminal plasma enzyme leakage (ALT-AST). In this study, a significant increase (P=0.05) in acrosomal integrity was observed in the Jamnapari breed compared to the Sirohi breed. Moreover, the Jamnapari breed showed a significant decrease in sperm abnormalities compared to the Sirohi breed. However, no significant differences were noted in sperm motility, sperm viability, plasma membrane integrity and sperm penetration distance in polyacrylamide gel between the Jamnapari and Sirohi breeds. In contrast to our findings, Alam (2024) reported that Sirohi bucks exhibited significantly higher sperm motility, viability, acrosomal integrity, plasma membrane integrity, and sperm penetration distance in polyacrylamide gel, along with significantly lower sperm abnormalities and seminal plasma enzyme leakage (ALT-AST) compared to Jamnapari bucks. The results for sperm motility and abnormalities in fresh semen from different adult male goats were consistent with findings from other researchers (Karatzas et al., 1997; Afroz et al., 2008). It is suggested that variations in seminal attributes between the two breeds are due to individual traits, breed differences, and the age of the animals. The existing literature on the comparative study of the physico-biochemical characteristics of fresh semen from Jamnapari and Sirohi bucks is limited, thus the topic remains insufficiently addressed.
Interrelationships between Seminal Attributes
The semen volume of Jamnapari and Sirohi bucks was significantly (P=0.05) negatively correlated with sperm concentration per mL (r = -0.255 & -0.595, P=.01) and positively correlated with total sperm output per ejaculate (r = 0.946 & 0.837, P=.01), respectively. These findings are consistent with those of Alam (2024), who reported similar correlations between the Jamnapari and Sirohi breeds. Similarly, Verma et al. (2025) noted a negative correlation between ejaculate volume and sperm concentration in Sirohi and Barbari bucks’ semen. The sperm motility in fresh semen was significantly (P=0.05) positively correlated with sperm viability (r= 0.937 & 0.966, P=.01), percent acrosomal integrity (r= 0.88 & 0.969, P=.01), percent plasma membrane integrity (r= 0.850 & 0.945, P=.01), and sperm penetration distance in polyacrylamide gel (r= 0.964 & 0.981), whereas it was negatively correlated with percent sperm abnormality (r= -0.592 & -0.898, P=.01), seminal plasma AST (r= -0.860 & -0.704, P=.01), and seminal plasma ALT (r= -0.744 & -0.827, P=.01) in Jamnapari and Sirohi bucks, respectively, as summarized in Tables 2 & 3.


4. CONCLUSIONS 
The present study established normal values for fresh semen from Jamnapari and Sirohi bucks, along with their interrelationships. The parameters measured semen ejaculate volume, mass motility, sperm acrosomal integrity, and sperm abnormalities varied significantly between the two breeds. There were significant negative correlations between ejaculate volume and sperm concentration, and significant positive correlations between ejaculate volume and total sperm output in both breeds. Additionally, sperm motility exhibited a significant positive correlation (p<0.05) with sperm viability, percentage of acrosomal integrity, percentage of plasma membrane integrity, and sperm penetration distance in polyacrylamide gel. Conversely, it showed a negative correlation with the percentage of sperm abnormalities and seminal plasma enzyme leakage (AST-ALT) in the fresh semen of both breeds. Furthermore, Jamnapari bucks demonstrated superior semen quality parameters compared to Sirohi bucks.	Comment by amit kajala: Conclusion is lengthy and elaborative and not specific
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Table 1: Fresh semen attributes (Mean ± SE) in Jamnapari and Sirohi bucks	Comment by amit kajala: Table and figure should be in the text only
	
Seminal attributes
	                 Goat breeds
	               
Overall
(n=60)
	 
p-value

	
	Sirohi 
(n=30)
	Jamnapari
(n=30
	
	

	Ejaculate volume (mL)
	0.93±0.07B 
	0.74±0.05A
	0.84±0.04
	0.0326*

	Mass Motility (0-5)
	4.20±0.15A
	4.73±0.11B
	4.47±0.10
	0.0089**

	Sperm concentration (mill. /mL)
	3647.00±137.90
	3839.00±80.31 
	3743.00±80.12
	0.2778NS

	TSO/ejaculate (mill. /ejaculate)
	3207.00±186.20 
	2807.00±173.10
	3007.00±128.70
	0.1369NS

	Sperm motility (%)
	84.57±0.48
	85.20±0.34
	84.92±0.28
	0.2920NS

	Sperm viability (%)
	89.70±0.63
	90.43±0.35
	90.15±0.33
	0.2823NS

	Sperm acrosomal integrity (%)
	92.07±0.59
	93.87±0.36
	93.03±0.34
	0.0075**

	Sperm abnormalities (%)
	4.30±0.37
	3.00±0.17
	3.65±0.22
	0.0085**

	Plasma membrane integrity (%)
	67.17±0.58
	67.73±0.35
	67.45±0.34
	0.4177NS

	SPD in PAGE (mm/hr)
	46.70±0.48
	47.33±0.41
	47.02±0.31
	0.2686NS

	AST (U/L)
	43.97±0.46
	44.73±0.60
	44.42±0.38
	0.1881NS

	ALT (U/L)
	27.83±0.41
	27.60±0.31
	27.72±0.26
	0.6296NS


***-p<0.001; NS-Non significant (p>0.05), AST-ALT=aspartate-alanine aminotransferase, PAGE=Polyacrylamide gel  
Values in rows with different superscripts (A, B) differ significantly (p<0.05)

Table 2: Correlation coefficients (r) among various seminal attributes of Sirohi bucks
	Seminal 
attributes
	EV
(mL)
	TSO/eja. (mill./eja.)
	SC (mil./mL)
	MM
(0-5)
	IM (%)
	LC
(%)
	AI
(%)
	Ab
(%)
	PMI (%)
	SPD
(mm/hr)
	AST (U/L)

	SC (mill. /mL)
	-0.595**
	
	
	
	
	
	
	
	
	
	

	TSO/eja. (mil./ej.)
	0.837**
	-0.106
	
	
	
	
	
	
	
	
	

	MM (0-5)
	-0.006
	0.205
	0.114
	
	
	
	
	
	
	
	

	IM (%)
	-0.035
	-0.073
	-0.076
	-0.137
	
	
	
	
	
	
	

	LC (%)
	-0.027
	-0.036
	-0.040
	-0.089
	0.966**
	
	
	
	
	
	

	AI (%)
	-0.063
	-0.026
	-0.082
	-0.072
	0.969**
	0.982**
	
	
	
	
	

	Ab (%)
	0.117
	-0.009
	0.101
	0.130
	-0.898**
	-0.891**
	-0.888**
	
	
	
	

	PMI (%)
	-0.053
	-0.130
	-0.134
	-0.189
	0.945**
	0.935**
	0.938**
	-0.893**
	
	
	

	SPD (mm/hr)
	-0.045
	-0.091
	-0.094
	-0.216
	0.981**
	0.927**
	0.929**
	-0.882**
	0.953**
	
	

	AST (U/L)
	0.232
	-0.257*
	0.082
	0.293*
	-0.704**
	-0.671**
	-0.717**
	0.636**
	-0.687**
	-0.737**
	

	ALT (U/L
	0.216
	-0.265*
	0.075
	0.246*
	-0.827**
	-0.848**
	-0.862**
	0.805**
	-0.803**
	-0.814**
	0.904**


*Significant at 5%, **Significant at 1%, 
EV=Ejaculate volume, TSO=Total sperm output/ejaculate, MM=Mass motility, Con./ml=sperm concentration per ml, IM=Initial motility, LC=Live count, AI=Acrosomal integrity, Ab=Sperm abnormality, PMI=Plasma membrane activity, SPD=sperm penetration distance in cervical mucus, AST-ALT=Aspartate-Alanine aminotransferase, U/L=Unit/Liter



Table 3: Correlation coefficients (r) among various seminal attributes of Jamnapari bucks
	Seminal 
attributes
	EV
(mL)
	TSO/eja. (mill./eja.)
	SC (mil./mL)
	MM
(0-5)
	IM (%)
	LC
(%)
	AI
(%)
	Ab
(%)
	PMI (%)
	SPD
(mm/hr)
	AST (U/L)

	SC (mill. /mL)
	-0.255*
	
	
	
	
	
	
	
	
	
	

	TSO/eja. (mil./ej.)
	0.946**
	0.048
	
	
	
	
	
	
	
	
	

	MM (0-5)
	-0.192
	-0.056
	-0.211
	
	
	
	
	
	
	
	

	IM (%)
	-0.140
	-0.207
	-0.188
	0.083
	
	
	
	
	
	
	

	LC (%)
	-0.031
	-0.340**
	-0.117
	0.014
	0.937**
	
	
	
	
	
	

	AI (%)
	-0.008
	-0.281*
	-0.067
	-0.032
	0.888**
	0.950**
	
	
	
	
	

	Ab (%)
	0.097
	-0.117
	0.023
	-0.187
	-0.592**
	-0.431**
	-0.383*
	
	
	
	

	PMI (%)
	-0.059
	-0.173
	-0.095
	0.027
	0.850**
	0.952**
	0.931**
	-0.520**
	
	
	

	SPD (mm/hr)
	-0.149
	-0.191
	-0.194
	0.097
	0.964**
	0.888**
	0.830**
	-0.554**
	0.927**
	
	

	AST (U/L)
	-0.010
	0.416**
	0.087
	-0.020
	-0.860**
	-0.926**
	-0.920**
	0.368**
	-0.854**
	-0.800**
	

	ALT (U/L
	0.151
	0.194
	0.195
	-0.078
	-0.744**
	-0.815**
	-0.822**
	0.261*
	-0.743**
	-0.710**
	0.862**


*Significant at 5%, **Significant at 1%, 
EV=Ejaculate volume, TSO=Total sperm output/ejaculate, MM=Mass motility, Con./ml=sperm concentration per ml, IM=Initial motility, LC=Live count, AI=Acrosomal integrity, Ab=Sperm abnormality, PMI=Plasma membrane activity, SPD=sperm penetration distance, AST-ALT=Aspartate-Alanine aminotransferase, U/L=Unit/Liter



	
	

	Figure 1: Variation in overall mean (P=0.05) of mass motility and ejaculate volume between Sirohi and Jamnapari bucks.
	Figure 2: Variation in overall mean (P=0.05) of sperm concentration and total sperm output/ejaculate between Sirohi and Jamnapari bucks.

	

	Figure 3: Variation in overall mean (P=0.05) of sperm motility, viability, acrosomal integrity, sperm abnormalities, plasma membrane integrity, sperm penetration distance in polyacrylamide gel and seminal plasma enzyme leakage (AST-ALT) between Sirohi and Jamnapari bucks.









Sirohi	7.0000000000000007E-2	0.15	7.0000000000000007E-2	0.15	EV (mL)	M M (0-5)	0.93	4.2	Jamnapari	0.05	0.11	0.05	0.11	EV (mL)	M M (0-5)	0.74	4.7300000000000004	



Sirohi	137.9	80.31	137.9	80.31	SC (mill. /mL)	TSO (mill. /ejaculate)	3647	3207	Jamnapari	186.12	173.1	186.12	173.1	SC (mill. /mL)	TSO (mill. /ejaculate)	3839	2807	



Sirohi	0.48	0.63	0.59	0.37	0.57999999999999996	0.48	0.46	0.41	0.48	0.63	0.59	0.37	0.57999999999999996	0.48	0.46	0.41	SM (%)	SV (%)	AI (%)	Ab (%)	PMI (%)	SPD (mm/hr)	AST (U/L)	ALT (U/L)	84.57	89.7	92.07	4.3	67.17	46.7	43.97	27.83	Jamnapari	0.34	35	0.36	0.17	0.35	0.41	0.6	0.31	0.34	35	0.36	0.17	0.35	0.41	0.6	0.31	SM (%)	SV (%)	AI (%)	Ab (%)	PMI (%)	SPD (mm/hr)	AST (U/L)	ALT (U/L)	85.2	90.43	93.87	3	67.73	47.33	44.73	27.6	



