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ABSTRACT
This study evaluated the relationship between body weight, testicular biometry, and semen characteristics in Sirohi and Barbari bucks. Six bucks (three per breed) were assessed for body weight, scrotal circumference, testicular dimensions, ejaculate volume, and sperm concentration. Sirohi bucks exhibited higher body weight and semen volume, while Barbari bucks showed greater sperm concentration. A strong positive correlation was observed between body weight, scrotal circumference, and semen volume (r = 0.876 and r = 0.635, respectively; P = .01), while a significant negative correlation was found between ejaculate volume and sperm concentration (r = –0.763; P = .01). Notably, left testicular dimensions exceeded right-sided measurements across both breeds. These findings suggest that testicular biometry and scrotal circumference are reliable indicators for selecting breeding bucks, with potential applications in improving reproductive efficiency in small ruminants.
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1 INTRODUCTION
Goats (Capra hircus) play a vital role in sustaining the livelihoods of smallholder farmers and landless laborers in India and other tropical and subtropical regions. Their low input requirements and ease of management make them an economically viable resource for rural community’s worldwide (Zailani et al., 2016; Salvana et al., 2021; Acharya & Battacha, 1992). Goat farming also contributes to rural employment, particularly benefiting women and children (Lebbie, 2004). In goat production systems, the fertility of male animals has a more pronounced impact on herd productivity than that of individual does (Yoseph, 2004). Therefore, the selection and screening of breeding bucks are critical for improving reproductive performance and genetic advancement (Chacon et al., 1999; Ford et al., 2009). Body weight is a commonly used indicator of animal performance and reproductive efficiency, offering a practical metric for selection and nutritional management. Testicular traits, such as diameter, length, scrotal circumference, and scrotal length serve as indirect but reliable indicators of fertility potential (Koyuncu et al., 2005). These parameters are closely associated with sperm output and overall reproductive success (Coulter & Foote, 1977). Consequently, early identification of bucks with superior testicular biometry can aid in predicting semen quality and optimizing breeding programs (Islam, 2001).
This study aims to evaluate the relationship between body weight, testicular measurements, and semen characteristics in Sirohi and Barbari bucks, intending to establish reference norms for breeding soundness evaluation.
2.0 MATERIALS AND METHODS
2.1 STUDY AREA
The experimental bucks were maintained in the Deep-Frozen Semen Laboratory, College of Veterinary Sciences and Animal Husbandry, Acharya Narendra Deva University of agriculture and Technology, Kumarganj Ayodhya, Uttar Pradesh, India. The laboratory is located at latitude of 26° N and a longitude of 81° E, at an elevation of 98 meters above sea level.
2.2 EXPERIMENTAL ANIMALS AND DATA COLLECTION
A group of six male goats (4-5 years old), including three Sirohi and three Barbari breeds were selected for this study. A comprehensive evaluation of the experimental bucks' general physical health was conducted before to selection. A detailed examination of the testes and scrotum was performed to confirm the absence of abnormalities. The bucks were kept under consistent supervision and sanitary circumstances. All selected bucks were reared in a semi-intensive management system and received deworming, immunization, and dipping in accordance with minimum standard protocol (MSP) requirements. The weight of each animal was recorded in kilograms every 15 days. The measurement of body weight was performed using a weighing scale, with the weight recorded in kilograms (kg). Scrotal circumference (SC) was measured using a tape measure to ascertain the maximum diameter of the testes and scrotum in centimeters (cm), following the application of pressure to firmly position the testes within the scrotum. The diameter and length of the testicles were measured in millimetres (mm) using a Vernier caliper according to Raji et al. (2008). Testicular volume was calculated using the formula TV = (TD)² x TL x 0.5, where TD represents testicular diameter and TL denotes testicular length. All measures were acquired simultaneously with the recording of body weight on the same day. Reproductive characteristics, namely scrotal circumference, right and left testicular length, right and left testicular circumference, and right and left testicular diameter, were assessed at 15-day intervals, namely on the 1st, 15th, 30th, 45th, 60th, and 75th days from November 2024 to March 2025.

2.3 SEMEN EVALUATION
Semen samples from all bucks (n=36) were taken fortnightly utilizing an artificial vagina at a temperature of 42°C. The semen samples were immediately evaluated for colour, volume, and concentration upon collection. The semen volume was quantified utilizing a graduated collecting tube, measured in milliliters. The sperm concentration of all samples was measured utilizing an Accucell photometer (IMV, France).

2.4 STATISTICAL ANALYSIS
Data were analyzed using Graph Pad Prism statistical analysis software (version 5) and presented as the mean ± standard error of the mean (S.E.M). Duncan's multiple range test was conducted to identify significant differences among the mean values. A Pearson correlation analysis was performed to investigate the relationship among different traits.

3. RESULTS AND DISCUSSION
The average values of body weight, scrotal circumference and other testicular measurements of individual bucks are presented in Table 1.The overall average body weight of Sirohi and Barbari bucks was 50.42±1.58 kg and 35.47±0.73 kg, respectively. The scrotal circumference of Sirohi bucks was 28.49±0.58 cm, while it for Barbari bucks was 26.73±0.77 cm. Alam et al. (2024) documented lower body weight in Sirohi and Jamnapari bucks. In a comparable research, Kabiraj et al. (2011) reported that the average body weight of Black Bengal goats was 27.81±0.46 kg, which is considerably lower than the results of the current study. Furthermore, Alam et al. (2024) indicated a reduced scrotal circumference in Sirohi and Jamnapari bucks. Numerous factors may influence this, including breed and sex variations, the physical condition of the chosen animals, agro-climatic circumstances, nutritional status, housing, illness prevalence, and other management practices. It is important to acknowledge that scrotal circumference may significantly diminish due to weight reduction and seasonal variations. In dairy goat breeds above 40 kg in weight, a scrotal circumference of 25 cm or greater is preferred (Etim, 2017). The disparities may be ascribed to the greater body proportions of Sirohi bucks relative to Barbari bucks. Kadam et al. (2020) reported that the mean scrotal circumference of adult Beetal Bucks was 27.35±0.57 cm. This finding aligns with the results of the present study. Breed differences, post-weaning feed level, contemporary group/feed level, age of dam, and covariates such as age, weight, and height of bucks may have contributed to this phenomenon (Bourdon & Brinks, 1986). Similar findings regarding breed differences have been documented in goats (Raji et al., 2008) and cattle (Addass, 2011).
The average values of right testicular length were 12.13±0.13 and 10.71±0.30 cm, whereas the average values of left testicular length were 12.78±0.12 and 11.09±0.38 in Sirohi and Barbari bucks, respectively. These findings are consistent with recent reports (Bhoi et al., 2025). However, they differ from other studies on nondescript bucks, which reported larger sizes for both right and left testicles (Khan et al., 2007). In contrast, smaller measurements for right and left testicular lengths of 8.01 ± 0.22 cm and 8.14 ± 0.23 cm, respectively, were reported in Surti bucks (Chaudhari et al., 2018).
The pooled values for the right testicular diameter of Sirohi and Barbari bucks were 6.139±0.12 cm and 5.81±0.15 cm, respectively. The corresponding values for the left testicular diameter of Sirohi and Barbari bucks were 6.167±0.12 cm and 5.95±0.15 cm, respectively. However, Sahi et al. (2019) reported higher testicular diameter values of 6.04±1.44 cm in Algerian Indigenous bucks compared to the present study. El-Hamid et al. (2024) documented a significantly higher testicular diameter of 12.9±0.7 cm in Egyptian crossbred bucks, which may be attributed to breed variations. In contrast, Patel et al. (2021) found smaller testicular diameters of 3.31±0.05 cm and 3.43±0.06 cm for the right and left testicles, respectively, while Singh et al. (2022) reported values of 3.23±0.05 cm and 3.39±0.06 cm for the right and left testicles, respectively, in slaughtered bucks of different breeds. The average semen volume recorded was 1.072±0.09 mL in Sirohi bucks and 0.72±0.04 mL in Barbari bucks. Variations in semen volume among different breeds have also been noted in goats (Raji et al., 2008). The higher semen volume in Sirohi goats may be attributed to their larger scrotal circumferences compared to those of Barbari bucks (Alam et al., 2024). Kabiraj et al. (2011) found that Black Bengal bucks exhibited a lower semen volume, ranging from 0.32 to 0.68 mL. Several factors influence semen production, including age, sexual maturity, nutritional status, overall health, hormonal balance, the condition of reproductive organs, and seasonal variations (Karagiannidis et al., 2000).
The average sperm concentration per mL was 2818±18 million/mL in Sirohi bucks and 3331±190.60 million/mL in Barbari bucks. The findings of this study align closely with those of Karim (2008), who reported an average sperm concentration ranging from 2.75±0.28 to 3.24±0.37 billion/mL in black Bengal bucks. In contrast, Khan (1999) reported an average sperm concentration of 3777.93±142.76 million/mL, which is higher than the results of the current study. Sperm concentration may vary due to differences in age, breed, collection frequency, feeding regimen, and climatic conditions (Leon et al., 1991; Sharma et al., 1991).
The correlation coefficients (r) among body weight, scrotal circumference, testicular length, testicular diameter, testicular volume, ejaculate volume, and total sperm output per ejaculate in Sirohi and Barbari bucks are presented in Tables 2 and 3. In the Sirohi breed, a significant correlation was found between body weight and scrotal circumference (r=0.876, P=.01), as well as between body weight and ejaculate volume (r=0.635, P=.01). Furthermore, scrotal circumference showed a significant positive correlation with testicular length (both right and left) (r=0.582 & 0.896, P=.01), testicular diameter (both right and left) (r=0.501 & 0.550, P=.05), and testicular volume (r=0.643, P=.01). The results of this study are consistent with those of Kabirajet al. (2011) and Alam et al. (2024), which also reported significant correlation coefficients among body weight, scrotal circumference, testicular length, and ejaculate volume. Moreover, Fonseca et al. (2021) found a statistically significant positive association (P=.01) between scrotal circumference and body weight (r=0.66) in Saanen goats in Brazil. In addition, A strong negative correlation was observed between ejaculate volume and sperm concentration per milliliter (r=-0.763, P=.01). Moreover, Alam et al. (2024) reported similar findings, indicating a negative correlation between ejaculate volume and sperm concentration in Sirohi and Jamnapari goat breeds. The Barbari breed also showed a significant correlation between body weight and scrotal circumference, with a correlation coefficient of r=0.947 (P=.01). In this breed, scrotal circumference demonstrated a highly significant positive correlation with testicular length (both right and left) (r=0.957 & 0.980, P=.01), testicular diameter (both right and left) (r=0.919 for both, P=.05), and testicular volume (r=0.937, P=.01) (Table 3). Alam et al. (2024) showed substantial positive correlations (P=.01) among various factors, including body weight, scrotal circumference, testicular length, testicular diameter, and testicular volume in the Sirohi and Jamnapari goat breeds in India. Additionally, a negative correlation was identified between ejaculate volume and sperm concentration per milliliter (r=-0.400). While scrotal circumference and body weight showed both negative and positive correlations with several semen characteristics, these correlations were not statistically significant, as reported by Pratibha et al. (2019). Testicular dimensions have been found to have a significant correlation with semen volume and concentration (Kabiraj et al., 2011; Pant et al., 2003). Moreover, Aliyu et al. (2016) established a positive association between body weight, scrotal circumference, and various semen characteristics, including semen color, volume, concentration, and sperm motility.

1. CONCLUSIONS
This study confirms that testicular biometry, strongly correlated with body weight, is a reliable indicator of reproductive potential in breeding bucks. Semen parameters ejaculate volume and sperm concentration also showed significant associations with scrotal circumference and testicular dimensions (P = .01). Across both breeds, the left testis consistently exhibited larger dimensions than the right. These findings support the use of scrotal circumference, testicular length, and diameter as practical selection criteria for breeding, given their link to higher sperm output (Brito et al., 2004). Additionally, males with larger testes may produce daughters with earlier puberty onset and enhanced ovulatory performance (Soderquist and Hulten, 2006). Further research is recommended to validate these associations across larger populations and diverse breeds.
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Table 1: Overall mean (Pooled) values of body weight, different testicular biometry indices and semen parameters in Sirohi and Barbari bucks 
	
Bucks/
Parameters
	
BW 
(kg)
	
SC 
(cm)
	
RTL 
(cm)
	
LTL 
(cm)
	
RTD 
(cm)
	
LTD 
(cm)
	
RTV 
(cm3)
	
LTV 
(cm3)
	
PTV 
(cm3)
		
    EV
(mL)
	
Sperm Conc./Ml
(million)
	
TSO/Eja (million)
	
Mass
Motility
(0-5)

	Sirohi (n=18)
	
50.42±1.58
	
28.49±0.58
	
12.13±0.13
	
12.78±0.12
	
6.139±0.12
	
6.167±0.12
	
225.8±12.24

	
240.9±12.39

	
468.2±25.16

	
1.072±0.09

	
2818±18

	
2627±171.2

	
4±0.2139


	Barbari (n=18)
	
35.47±0.73
	
26.73±0.77
	
10.71±0.30
	
11.09±0.38
	
5.81±0.15
	
5.95±0.15
	
186.80±14.99
	
203.90±17.64
	
386.60±34.19
	
0.72±0.04
	
3331±190.60
	
2350±154.60
	
4.28±0.19


BW=Body weight, SC=Scrotal circumference, RTL=Right testicular length, LTL= Left testicular length, RTD=Right testicular diameter, LTD=Left testicular diameter, RTV=Right testicular volume, LTV=Left testicular volume, PTV=Pool testicular volume, EV=Ejaculate volume. TSO=Total sperm output/ejaculate, MM=Mass motility, Con./mL=sperm concentration per mL



















Table 2: Correlations of body weight and different testicular biometry indices with various semen parameters in Sirohibucks  (n=18)
	Parameters
	BW (kg)
	SC (cm)
	RTL (cm)
	LTL (cm)
	RTD (cm)
	LTD (cm)
	RTV (cm3)
	LTV (cm3)
	PTV (cm3)
	EV (mL)
	TSO/Ej.(m)
	MM
(0-5)

	SC (cm)
	0.876**
	
	
	
	
	
	
	
	
	
	
	

	RTL (cm)
	0.582*
	0.858**
	
	
	
	
	
	
	
	
	
	

	LTL (cm)
	0.896**
	0.824**
	0.673**
	
	
	
	
	
	
	
	
	

	RTD (cm)
	0.501*
	0.790**
	0.902**
	0.652**
	
	
	
	
	
	
	
	

	LTD (cm)
	0.550*
	0.834**
	0.958**
	0.688**
	0.931**
	
	
	
	
	
	
	

	RTV (cm3)
	0.578*
	0.787**
	0.861**
	0.725**
	0.874**
	0.895**
	
	
	
	
	
	

	LTV (cm3)
	0.663**
	0.804**
	0.830**
	0.800**
	0.777**
	0.888**
	0.958**
	
	
	
	
	

	PTV (cm3)
	0.643**
	0.788**
	0.867**
	0.818**
	0.867**
	0.867**
	0.840**
	0.823**
	
	
	
	

	EV (mL)
	0.635**
	0.568*
	0.598**
	0.748**
	0.484*
	0.584*
	0.665**
	0.749**
	0.656**
	
	
	

	TSO/Ej. (m)
	-0.178
	0.111
	0.312
	-0.013
	0.249
	0.365
	0.333*
	0.340
	0.233
	0.120
	
	

	MM (0-5)
	0.116
	0.118
	-0.151
	-0.176
	-0.083
	-0.222
	-0.216
	-0.313
	-0.269
	-0.533*
	-0.313
	

	Sperm Conc.
(m/mL)
	-0.574*
	-0.249
	-0.144
	-0.632*
	-0.075
	-0.106
	-0.280
	-0.380
	-0.338
	-0.763**
	0.324
	0.364


*Significant at 5%, **Significant at 1%. BW=Body weight, SC=Scrotal circumference, RTL=Right testicular length, LTL= Left testicular length, RTD=Right testicular diameter, LTD=Left testicular diameter, RTV=Right testicular volume, LTV=Left testicular volume, PTV=Pool testicular volume, EV=Ejaculate volume, TSO/Ejac. =Total sperm output per ejaculate, MM=Mass Motility, Con./mL=sperm concentration per mL.






Table 3: Correlations of body weight and different testicular biometry indices with various semen parameters in Barbari bucks (n=18)
	Parameters
	BW 
(kg)
	SC 
(cm)
	RTL (cm)
	LTL (cm)
	RTD (cm)
	LTD (cm)
	RTV (cm3)
	LTV (cm3)
	PTV (cm3)
	EV (mL)
	TSO/
Ej. (m)
	MM 
(0-5)

	SC (cm)
	0.947**
	
	
	
	
	
	
	
	
	
	
	

	RTL (cm)
	0.957**
	0.984**
	
	
	
	
	
	
	
	
	
	

	LTL (cm)
	0.980**
	0.964**
	0.975**
	
	
	
	
	
	
	
	
	

	RTD (cm)
	0.919**
	0.854**
	0.900**
	0.898**
	
	
	
	
	
	
	
	

	LTD (cm)
	0.896**
	0.807**
	0.851**
	0.884**
	0.977**
	
	
	
	
	
	
	

	RTV (cm3)
	0.958**
	0.926**
	0.959**
	0.954**
	0.984**
	0.957**
	
	
	
	
	
	

	LTV (cm3)
	0.957**
	0.906**
	0.935**
	0.960**
	0.970**
	0.976**
	0.987**
	
	
	
	
	

	PTV (cm3)
	0.937**
	0.870**
	0.909**
	0.925**
	0.971**
	0.962**
	0.974**
	0.976**
	
	
	
	

	EV (mL)
	0.208
	0.320
	0.296
	0.231
	0.302
	0.273
	0.279
	0.249
	0.264
	
	
	

	TSO/Ej. (mil)
	0.855**
	0.865**
	0.863**
	0.857**
	0.839**
	0.823**
	0.863**
	0.859**
	0.863**
	0.604**
	
	

	MM (0-5)
	0.491*
	0.265
	0.308
	0.427
	0.474*
	0.513*
	0.441
	0.491*
	0.536*
	-0.360
	0.231
	

	Sperm Conc.
(m/mL)
	0.758**
	0.657**
	0.689**
	0.738**
	0.666**
	0.663**
	0.712**
	0.725**
	0.725**
	-0.400
	0.466*
	0.631**


*Significant at 5%, **Significant at 1%. BW=Body weight, SC=Scrotal circumference, RTL=Right testicular length, LTL= Left testicular length, RTD=Right testicular diameter, LTD=Left testicular diameter, RTV=Right testicular volume, LTV=Left testicular volume, PTV=Pool testicular volume, EV=Ejaculate volume, TSO/Ejac. =Total sperm output per ejaculate, MM=Mass Motility, Con./mL=sperm concentration per mL.




