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Study of testicular biometry and its correlation with 

epididymal seminal attribute in buffalo bulls 

 
Saurabh, Sushant Srivastava, Anand Kumar, Shailendra Verma, Pushkar 

Sharma and Vijay Gautam  

 
Abstract 
The present study was carried out to evaluate the influence of ascorbic acid (@ 2mM after incorporation 

in on quality of spermatozoa after storage of epididymis at temperature 4 0C & -196 0C. 

Cytomorphological characteristics of epididymal semen from forty testes stored at room temperature, 

refrigerated and and -196 0C were evaluated). Similarly, tris dillutor with ascorbic acid were infused 

inside the ligated epididymal part cauda and stored at 4 0C (T2) and -196 0C (T4) and further evaluated 

for cryoprotectant efficacy of ascorbic acid. A significant variation in initial motility, viability, and 

abnormal sperm count were observed among the groups. 

 

Keywords: Testicular biometry, correlation, epididymal seminal attribute, buffalo bulls 

 

1. Introduction 

Animal husbandry and live-stock production is the backbone of Indian agricultural economy 

and buffaloes are integral part of livestock sector followed by other ruminant species. To raise 

genetic potential of livestock, AI with frozen-thawed spermatozoa was introduced in most of 

the developing countries more than three decades ago, yet it has not been applied in buffaloes 

on a large scale [10]. Morphometric analysis of the testes of any male animal is necessary in 

predicting not only sperm production but also of the storage potentials and fertilizing ability of 

the breeder male. Similarly, the testes size is a good indicator of the present and future sperm 

production in bulls [38, 56]. Testicular measurement and the changes take place during growth of 

the testes from birth to maturity however, have been well documented for goats [15], rams [50] 

and bulls [60]. Morphology of the testicle has been characterized [21] as well as correlations of 

ultrasound measurements with testicular circumference, weight and volume [17]. 

The variations in the testes weight are markedly greater between anger bulls and degrees with 

advancement of age [1]. The heavier testes produce more spermatozoa than the smaller testes; 

reported by various authors [4, 6, 34, 44, 51]. 

A good measurement of circumference, testes length and width would be a reliable predictor 

of sperm producing capacity of bucks [58]. Scrotal circumference is measured as it gives a good 

indication of rams breeding ability, [48] reported that ram lamb with scrotal circumference of 

less than 30cm and adult rams with scrotal circumference of less than 32 cm should probably 

not be used for breeding. The use of scrotal size and testicular measurements to select for 

improved sperm production and breeding males [31]. The semen volume and sperm 

concentration were highly significantly (p<0.05) and positively correlated with most of 

testicular measurements [11, 30]. 

  

2. Materials and Methods 

The present study was carried out at the Deep Frozen Semen Laboratory, Department of 

Veterinary Gynecology and Obstetrics, C.V.Sc. & A.H., N.D.U.A. & T., Kumarganj; Faizabad 

(Uttar Pradesh) in the year 2015-2016. The samples (buffalo bull testicles) were collected from 

the slaughter house located at Unnao, Uttar Pradesh. These samples kept at 4 0C and bring at 

laboratory within six hrs after slaughter. These samples were further, evaluated for testicular 

biometry and cytomorphological traits of spermatozoa.  

The Tris dilutor was prepared in the previous day evening and antibiotic were added only in 

the morning prior to use. The pH of the media was adjusted to 6.9. Ascorbic acid (Merk 

chemical, molecular weight 176.13) was added as additive @ 2mM in this dilutor. Forty (40) 

pairs of buffalo bull testis were collected from Arora (AOV Ltd.) and Mass agro food Pvt. Ltd. 
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located at Unnao, Uttar Pradesh. The testicles were brought to 

the laboratory in a plastic bag containing normal saline 

solution (NSS), kept in air-tight sterile cryobox (4 0C) and 

were processed within 6 hrs after collection. Forty pairs (40) 

of testis were divided into five groups (T0, T1, T2, T3 & T4,) 

and each group contain eight pairs testis. Tunica albugenia 

were removed from the testes. Fat-pad, blood vessels, adipose 

and connective tissues were cleaned carefully, and washed 

thoroughly with cold NSS. As per anatomical positions, 

ligatures were placed unilaterally at the cauda epididymis (i.e. 

posterior region of the corpus epididymis and anterior region 

of the vas deferens, respectively). Biometry was carried out as 

per standard procedure. 

 

3. Inoculation, equilibration and freezing procedures 

Evaluate the cytomorphological characteristics and semen 

was collected from the eight pairs (To) of testicle within 6 hrs 

of slaughter of animals. A tris dilutor was inoculated into the 

cauda epididymis of group T1 & T3 and dilutor containing Tris 

and Ascorbic acid @ 2mM was inoculated into the cauda 

epididymis of group T2 & T4 with the help of 30 gauge needles. 

Each group of epididymis were wrapped separately with 

aluminium foils to prevent the deposition of ice crystals 

directly on epididymal surfaces and equilibrated at 5 0C in 

refrigerator for 2 hours. After equilibration, each group of 

epididymis was stored immediately at their respective 

temperature at 4 0C in group T1 & T2 and at -196 0C T3 & T4 

groups for 24 hours. 

Thawing of the epididymis was performed after 24 hrs of 

storage. Before thawing aluminium foil were removed from 

the testes and epididymis and were allowed to warm to room 

temperature (35 ± 2 °C) for 2 min and immersed immediately 

into a water bath at 38.5 ± 1 °C for 5 min till the outer surface 

of the epididymis were softened. Thawed cauda epididymis 

was dissected carefully from both the ligated ends of vas 

deferens and corpus epididymis. Each cauda was kept into 

separate Petri dishes containing 5 ml of 0.15 M phosphate 

buffer saline (PBS) pH 7.4, previously warmed to 37 °C. 

Caudal portions were minced carefully with razor blades and 

were allowed to suspend in the buffer for 5 min at 37 °C. 

Gentle pressure on the excised tissues was given by separate 

glass rods. 

The volume of flush was measured with micropipette, 

subtracting the volume of buffer used for flushing the cauda. 

Semen samples were immediately estimated for volume, 

colour, consistency, concentration/ml, and percent progressive 

motility, percent live spermatozoa count, sperm abnormalities 

in frozen-thawed epididymal semen. Hypo-Osmotic Swelling 

Test (HOST), an in-vitro fertility test was conducted to 

evaluate the semen sample in the procedure [46]. The hypo-

osmotic swelling test (HOST) was used to evaluate the 

functional integrity of the sperm membrane, and was 

performed by incubating 0.1 ml of semen with 1 ml of a 

150mOs mole hypo osmotic solution at 37 0C for 60 min. 

After incubation, one drop of the mixture was spread with a 

cover slip on a pre-warmed slide. A total of 200 spermatozoa 

were counted in at least five different microscopic fields. 

Statistical analysis was performed using Graph Pad Prism 

software (Graph Pad software, San Diego, CA, USA). Results 

were expressed as Mean ± S.E. and all statistical comparisons 

were made by means of the one–way ANOVA. P value <0.05 

was considered significant. 

 

 

4. Results and Discussion  

The pool length mean ±S.E. of left and right testes was 

reported as 8.14±0.18 and 7.77±0.17 cm respectively. The 

present findings were similar to observation of various 

workers [18, 47, 53] and lower than that of Kumar Ashutosh [11] 

and Hridesh Kuma [32]. This variation might be due to testes 

size known to be significantly affected by age of animal, 

being smaller in young than adult or old animal [62]. It was 

reported that males with larger testes tend to sire daughters 

relationship that reach puberty at an earlier age and ovulate 

more ova during each oestrus period [54]. They further 

reported that testicular weight and size varies with breed, age 

and time of the season. Also, Ugwu [58] asserted that a good 

measurement of circumference, testes length and width would 

be a reliable predictor of the sperm producing capacity of 

bucks. The use of scrotal size and testicular measurements to 

select breeding males are improved sperm production in 

animals [31]. Since, the organ use in the present study were 

taken from slaughtered animals, the age of these animals 

could not be ascertained; No significant difference (P<0.05) 

in length of between left and right testicle was observed in the 

present study, which was in agreement with the finding of 

Bansal et al., [14] and Chaudhary [18] whereas, Hridesh Kumar 
[32] reported a significant difference in length between left and 

right testicle in buffalo bulls. The finding of present study was 

correlate between various testicular measurement were in 

agreement with earlier study carried out murrah bull [41]. 

The pool weight mean (±S.E) of left and right testes was 

reported as 87.89±3.45 and 78.41±3.45 gm, respectively. The 

mean value of testicular weight of left and right testicle of 

buffalo bull of each group is presented in table 1. It did not 

differed significantly (P<0.05) between left and right testes. 

These finding were accordance to reports in donkey [14] and in 

buffalo bulls [18]; whereas, some researchers also observed a 

significant difference (p<0.05) in the ratio of left to right 

testes weight. The left testis was 10% larger than the right in 

rams on subsequent examinations [39]. In buffalo, cattle and 

goats, similar reports have been reported by [3, 4, 6, 34, 44, 51 ].  

The overall mean ±S.E. value of volume of testes of left and 

right testes in buffalo bulls was reported as 83.59±3.67 and 

73.49±3.30 cm3, respectively. The average testicular volume 

of left and right testes of each group is presented in table-1. 

There was significant (P<0.05) difference in volume of left 

and right testes was observed in this study. Our values of 

testicular volume were similar to the finding of Pant et al., [41] 

and Chaudhary [18] but lower than that observed by Ahmad et 

al., [5]; Siqueira et al., [53] and Kumar Ashutosh [11]. This 

variation in the testicular volume might be due to variation in 

breed of study and agrees with the observations of in different 

strains of chicken [25]. The Volume of testes was significantly 

affected by age of the animal, being smaller in young than 

adult or old animals [62]. Testicular measurement and the 

change that occurs during growth of the testes from birth to 

maturity have been well documented for goats [15], rams [50] 

and bulls [20, 60].  

The overall pooled mean ±S.E. of testicular diameter (cm) of 

left and right testicle of buffalo bull was recorded 4.48±0.07 

and 4.30±0.07 cm, respectively. The average testicular 

diameter of left and right testicle of buffalo bull was presented 

in table-1. No significant difference was observed diameter of 

testes in between left and right testis of same buffalo bull but 

significant difference was observed diameter of testes in 

between the pool of left and right testicle of buffalo bull. 

The circumference mean ±S.E. of left and right testes of 
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buffalo bull under present experiment condition was reported 

as 14.06±0.21 and 13.54±0.21cm, respectively. The average 

testicular circumference of left and right testes of each group 

is summarized in the table-2. The significance (P<0.05) 

difference was reported in circumference between left and 

right testes in pool but no significance difference were 

recorded between the left and right testes of same buffalo 

bull. The values reported in the present study were in 

agreement with the observation reported by Cartee et al., [17] 

in cattle, Hridesh Kumar [32] in buffalo bull and lower than 

that measured by Selcuk and Akal [49]. This variation in the 

scrotal circumference might be due to variation in breed of 

study and agrees with the observations of in goat [45], and in 

cattle [2]. 

The circumference of testis was significantly (P<0.05) 

positively correlated with testicular diameter (r= 1.00, 1.00, 

1.00, 1.00 and 1.00), epididymal length (r= 0.97, 0.98, 0.60, 

0.92 and 0.99), epididymal weight (r= 0.95, 0.76, 0.67, 0.84 

and 0.95), epididymal volume (r= 0.93, 0.95, 0.86, 0.91 and 

0.93), and weight of cauda (r= 0.95, 0.71, 0.60, 0.92 and 0.93) 

in left testis & testicular diameter (r= 1.00, 0.99, 1.00, 0.93 

and 1.00), epididymal length (r= 0.82, 0.83, 0.86, 0.72 and 

1.00), epididymal weight (r=0.79, 0.83, 0.74, 0.69 and 0.83), 

epididymal volume (r= 0.77, 0.81, 0.75, 0.79 and 0.88), and 

weight of cauda (r= 0.79, 0.83, 0.74, 0.71 and 0.83) in right 

testis of treatment group of T0, T1, T2, T3 and T4 respectively. 

Similar correlation with these parameters was also recorded 

by Perumal [42]. 

The overall mean ±S.E. of epididymal length of left and right 

testicle of buffalo bull was observed as 14.18±0.31 and 

13.21±0.29 cm, respectively. The average epididymal length 

of left and right testicle in each group is given in the table 2. 

In this study non significant difference was observed in 

between the epididymal length of left and right testis of same 

buffalo bull but significant (P<0.05) difference was reported 

in between the pool of left and right testicle epididymal length 

of buffalo bull. Mean values of epididymal length in the 

present study were similar to observation of Chaudhary [18] but 

higher than the observation recorded by Kumar Ashutosh [11] 

and Hridesh Kumar [32] whereas lower than that of Ibrahim [27]. 

These variations might be due to variation in age, breed, 

season and place of study. A positive correlation found 

between testicular weight, diameter, length and epididymis 

length and scrotal circumference [40]. 

The overall mean (±S.E) weight of epididymis of left and 

right was reported as 12.26±0.40 and 10.84±0.37 gm, 

respectively. The average epididymal weight of left and right 

testicle in each group is given in the table-2. In present study 

epididymal weight was similar to finding of Chaudhary [18] 

whereas higher than that observed [11, 26, 32, 49]. These variations 

in epididymal weight might be due to breed, season, and age 

difference in study. No significant difference was observed 

between weight of left and right epididymis of buffalo bull, In 

contrast to present study, Hridesh et al., [32] observed a 

significant difference between left and right epididymis. 

The mean of weight of left and right caput mean ±S.E. was 

5.27±0.17 and 4.70±0.15 gm, respectively and a significant 

(P<0.05) difference was recorded between left and right 

testes. Our results are similar to respects of Kumar Ashutosh 
[11].The average mean value of weight of caput in group was 

given in table-3. The weight of left and right corpus was 

recorded as 2.17±0.07 and 1.87±0.07 gm, respectively. There 

was significant (P<0.05) difference observed between left and 

right testes. The mean value of weight of corpus in each group 

is given in table -3. The overall mean ±S.E. of weight of left 

and right cauda was measured as 4.83±0.16 and 4.27±0.15 

gm, respectively. The mean value of weight of cauda 

epididymis in each group was presented in table-3. 

The overall mean ±S.E. volume of epididymis of left and right 

was reported as 12.33±0.33 and 11.50±0.31cm3, respectively. 

The average epididymal volume of left and right testicle in 

each group was given in the table-2. In present study 

epididymal volume was similar to observations [18]. No 

significant difference was observed between volume of left 

and right epididymis of buffalo bull which was in agreement 

with the findings of Chaudhary [18]. 

The volume of testis was significantly (P<0.01) positively 

correlated with weight of caput (r= 0.95, 0.76, 0.90, 0.97 and 

0.99), weight of corpus (r= 0.95, 0.73, 0.94, 0.97 and 0.99) 

and weight of cauda (r= 0.95, 0.71, 0.84, 0.97 and 0.98) in 

epididymis of left testis was and weight of caput (r= 0.96, 

0.98, 0.85, 0.89 and 0.98), weight of corpus (r= 0.96, 098, 

0.85, 0.90 and 0.98) and weight of cauda (r= 0.96, 0.90, 0.85, 

0.89 and 0.98) in epididymis was of right testis was of 

treatment group of T0, T1, T2, T3 and T4, respectively (Table- 

4.5.1 to 4.5.10). Similar higher correlation was also recorded 
[18] in buffalo bull testes. 

The mean ±S.E. of concentration /ml of epididymal semen in 

T0, T1, T2, T3 and T4 groups was observed as 1360±36.98, 

1451±28.31, 1454±10.34, 1461±16.76 and 1486±24.45 

millions, respectively. The average concentration of 

epididymal semen of each groups are presented in table- 4. A 

significance difference (P<0.05) in sperm concentration/ml 

was reported in T0, T1, T2 and T3 treated groups. Our finding 

was lower than observation reported [11, 18, 64] in buffalo. This 

wide variation in the sperm concentration has been attributed 

by factor like seasons, individuality, age of bull, breed, sexual 

excitement and frequency of collection [57].  

The average per cent initial motility of epididymal semen of 

each groups are presented in table-4. Per cent motility differed 

significantly (P<0.05) among the group. Present finding was 

in agreement with the observation as several researchers 

where the mean values of motility of fresh epididymal semen 

varied between 50 to 89.4% [35, 43]. 

Bovine spermatozoa extracted from cauda epididymis were 

fully motile and their ability to fertilize an ovum was similar 

to that of ejaculated spermatozoa [7, 8, 16]. Preservation of 

caudal spermatozoa at 4 0C to 5 0C has been reported [19, 36] 

and caprine spermatozoa collected from cauda epididymis 

have been recorded to preserve successfully for 96 h at 4 0C 

and able to fertilize ova [28]. In canine, epididymal 

spermatozoa collected six hours after post-mortem were 

preserved up to 8 days at 5 0C, where spermatozoa 

progressive motility and membrane integrity were recorded as 

50% and 80% respectively. These results compare quite well 

with the results reported in present study. The caprine caudal 

epididymal spermatozoa were showing progressive motility 

while stored in electrolyte free medium and indicated 

significant variation on different media which was in 

agreement with our findings [59]. Studies on Sika deer (Cervus 

nippon) [23] and Iberian red deer (Cervus elaphus 

hwaspanicus) [55], epididymal spermatozoa showed that viable 

sperm can be isolated up to 7 days and 3 days after cool 

storage respectively, but sperm motility decreased the storage 

period continued in both of studies. After incorporation of 

ascorbic acid as an additive, in the dilutor improved the 

motility of harvested spermatozoa at 4 0C (T2) and -196 0C 

(T4). Antioxidants have an important role in maintaining the 
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motility and the genetic integrity of sperm cells against 

oxidative damage [24]. 

In present study, the motility of spermatozoa was significantly 

(P<0.01) positively correlated with per cent viability (%) (r= 

0.82, 0.86, 0.91, 0.95 and 0.93) and per cent HOS reactive 

spermatozoa (r= 0.85, 0.69, 0.91, 0.95 and 0.76) in group T0, 

T1, T2, T3 and T4, respectively whereas, it was negatively 

correlated (r= -0.81, -0.89, -0.98 and -0.96) with per cent 

sperm abnormality in groups T0, T1, T3 and T4, respectively. 

Similar observation was also recorded [18, 32]. 

The percentage mean ±S.E. of spermatozoa viability of 

epididymal semen in T0, T1, T2, T3 and T4 groups were 

recorded as 86.13±1.09, 70.75.±0.65, 75.38±0.69, 42.88±0.93 

and 55.13±0.83, respectively. The pool spermatozoa viability 

of epididymal semen was recorded as 66.05±2.49. Significant 

loss in viability was recorded after preservation of semen in 

cryo-temperature in T3 and T4 group might be due to cryo-

injury of the plasmalemma during freezing and thawing 

process. The average per cent spermatozoa viability of 

epididymal semen of each groups are presented in table-4. 

The per cent initial motility of the caudal epididymal 

spermatozoa was used as a measure of their viability coupled 

with the assessment of the live spermatozoa after eosin–

negrosin staining procedure. Per cent viability of caudal 

epididymal spermatozoa of group T0 were higher among the 

groups which might be due to less post-mortem changes in the 

testes. Per cent viability of group T2 was higher than group T1 

and group T4 higher than group T3. The variation in the per 

cent viability of caudal epididymal spermatozoa among the 

groups was due to the effect of additive ascorbic acid. This 

findings were agreement with the result with horse, ram and 

dog in which, ascorbic acid adding reduce reactive oxygen 

species generation and did improve the maintenance of sperm 

membrane integrity during storage at 5 0C [12, 13, 61] whereas 

another finding support the present study, when cat EP 

preservation in tris or tris plus 10% egg yolk at 4 0C found 

that egg yolk- tris promoted the viability of cat epididymis 

spermatozoa compared to tris alone [22]. Viability of 

spermatozoa in cryo-storage testes at 4 0C were compatible 

with the report of several workers [9, 11, 37] and higher than that 

recorded [52, 64]. Reduction in the live count percentage after 

prolong cryo-storage of might be due to pathological changes 

in cauda epididymis which, directly or indirectly affect the 

quality of spermatozoa or due to cryo-injury during storage of 

epididymis at low or ultra-low temperature. Other studies also 

verified that caudal spermatozoa when diluted with extender 

were viable even for longer period of time [29, 59].  

 

5. Conclusion 

On the basis of present study it can be concluded that 

cryopreservation of whole epididymis may be utilized as one 

of the potential method for storage of epididymal 

spermatozoa. Significantly strong positive correlation was 

observed between testicular biometrical parameters and 

seminal attribute (motility, viability, and HOS reactive 

sperm), these test may be used as one of the test for predicting 

fertility of epididymal semen. 
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Table 1: Mean ±S.E. of length, weight, volume and circumference of buffalo bull testis in different groups. 
 

Parameters T0 T1 T2 T3 T4 Over all 

Length of Testis 
Left Testis 8.25±0.26 8.06±0.39 8.55±0.42 7.94±0.42 7.92±0.50 8.14±0.18 

Right Testis 7.86±0.25 7.73±0.36 8.00±0.39 7.65±0.45 7.59±0.50 7.77±0.17 

Weight of Testis 
Left Testis 90.43±6.28 84.66±6.93 93.56±7.19 89.87±7.31 80.91±13.30 87.89±3.45 

Right Testis 76.48±5.69 79.82±6.59 85.59±6.77 79.37±6.43 70.98±12.09 78.41±3.45 

Volume of Testis 
Left Testis 86.44±6.43 80.97±7.06 89.08±6.55 84.70±7.20 76.77±13.29 83.59±3.67A 

Right Testis 72.29±5.65 72.05±5.26 80.41±6.32 75.43±6.49 67.28±12.19 73.49±3.30B 

Diameter of Testis 
Left Testis 4.55±0.11 4.45±0.13 4.55±0.09 4.59±0.09 4.25±0.27 4.48±0.07A 

Right Testis 4.26±0.11 4.30±0.08 4.46±0.10 4.42±0.09 4.06±0.26 4.30±0.07B 

Mean bearing different superscript (A, B) in a column significantly differed repeatedly for each attributes. 
 

Table 2: Mean ±S.E. of Diameter of testis, length, weight & volume of epididymis of buffalo bull testis in different groups. 
 

Parameters T0 T1 T2 T3 T4 Over all 

Circumference of Testis 
Left Testis 14.28±0.33 13.97±0.40 14.29±0.28 14.41±0.28 13.36±0.84 14.06±0.21A 

Right Testis 13.38±0.34 13.54±0.35 14.01±0.31 14.01±0.34 12.75±0.82 13.54±0.21B 

Epididymal Length 
Left Testis 14.38±0.60 14.46±0.57 14.65±0.58 14.08±0.64 13.33±1.03 14.18±0.31 A 

Right Testis 13.09±0.52 13.49±0.48 13.74±0.54 13.33±0.62 12.43±0.99 13.21±0.29B 

Epididymal Weight 
Left Testis 12.46±0.75 12.08±0.85 13.09±0.74 12.25±0.85 11.44±1.33 12.26±0.40 

Right Testis 10.50±0.68 10.54±0.70 11.74±0.77 10.97±0.74 10.44±1.22 10.84±0.37 

Epididymal Volume 
Left Testis 12.88±0.52 12.25±0.77 12.38±0.60 12.75±0.73 11.38±1.09 12.33±0.33 

Right Testis 11.50±0.60 11.75±0.65 12.00±0.65 11.50±0.65 10.75±0.98 11.50±0.31 

Mean bearing different superscript (A, B) in a column significantly differed repeatedly for each attributes. 
 

Table 3: Mean ±S.E. of weight of caput, carpus & cauda epididymis of buffalo bull testis in different groups. 
 

Parameters T0 T1 T2 T3 T4 Over all 

Weight of Caput 
Left Testis 5.33±0.32 5.10±0.38 5.66±0.32 5.28±0.37 4.96±0.54 5.27±0.17A 

Right Testis 4.57±0.26 4.47±0.31 5.12±0.30 4.81±0.28 4.52±0.50 4.70±0.15B 

Weight of Carpus 
Left Testis 2.19±0.13 2.16±0.15 2.32±0.13 2.11±0.15 2.06±0.27 2.17±0.07A 

Right Testis 1.83±0.11 1.76±0.12 2.05±0.15 1.91±0.13 1.82±0.23 1.87±0.07B 

Weight of Cauda 
Left Testis 4.94±0.30 4.82±0.35 5.12±0.33 4.86±0.35 4.42±0.52 4.83±0.16A 

Right Testis 4.10±0.31 4.31±0.28 4.57±0.33 4.25±0.34 4.10±0.50 4.27±0.15B 

Mean bearing different superscript (A, B) in a column significantly differed repeatedly for each attributes. 
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