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Abstract 

The present study was conducted to evaluate the effect of different sperm concentrations on sperm 

morphology and abnormalities during cryopreservation of Black Bengal buck semen. Semen from four 

fertile bucks was diluted in Tris-fructose-citrate egg yolk extender to achieve sperm concentrations of 

25, 50, 75, and 100 × 10⁶ spermatozoa per dose. Sperm abnormalities like head, middle piece and tail 

were assessed after dilution, equilibration, and post-thaw stages using Rose Bengal staining. Sperm 

abnormalities increased significantly with each stage of cryopreservation across all concentration 

groups. The lowest abnormality percentages were recorded at 25 × 10⁶ sperm/dose (5.10±0.26, 

6.80±0.25, and 10.35±0.27% after dilution, equilibration, and post-thaw, respectively), whereas the 

highest values were observed at 100 × 10⁶ sperm/dose (8.80±0.37, 10.70±0.37, and 14.90±0.34%, 

respectively). Tail defects constituted the major proportion of abnormalities. Significantly higher 

abnormal sperm counts were observed in the 75 and 100 × 10⁶ sperm/dose groups compared with the 

25 and 50 × 10⁶ sperm/dose groups. The study concluded that semen diluted to 25 × 10⁶ spermatozoa 

per dose better preserved sperm morphology and minimized cryo-induced abnormalities, making it a 

suitable concentration for cryopreservation of Black Bengal buck semen. 
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Introduction 

The trend of decreasing sperm concentration in semen cryopreservation is steadily 

increasing. One mechanism to achieve such low dose semen is by increasing the dilution of 

semen. However, higher dilution reduces seminal plasma components, ultimately leading to 

premature capacitation and reduced post-thaw viability (Maxwell and Johnson, 1997; Garner 

et al., 2001) [29. 17]. Moreover, excessive dilution causes leakage of intracellular enzymes such 

as glutamic-oxaloacetic transaminase from spermatozoa (Pace and Graham, 1970) [31], 

leading to the so-called dilution effect (Ashworth et al., 1994; Centurion et al., 2003; Garner 

et al., 2001) [5, 10, 17]. High dilution rates have been reported to decrease sperm quality across 

species including rabbit (Harrison et al., 1982) [20], ram (Ashworth et al., 1994) [5], bull 

(Garner et al., 1997, 2001) [17, 16], boar (Centurion et al., 2003) [10], dog (Peña and Linde-

Forsberg, 2000; England, 1999; Wales and White, 1963) [32, 14, 42] and stallion (Jasko et al., 

1992) [23]. While sperm concentration is a key determinant of cryosurvival, semen quality and 

fertility largely depend on sperm morphology, particularly the proportion of morphologically 

normal spermatozoa in the ejaculate. Even at an optimum sperm concentration, the presence 

of dead, immature, and abnormal spermatozoa adversely affects semen quality and fertility 

by contributing to the accumulation of debris and toxic substances such as ROS (Shannon 

and Curson, 1972) [36], including hydrogen peroxide released from dead sperm, which has a 

lethal effect on sperm cells (Alvarez et al., 2012) [3]; these factors induce apoptotic changes 

in viable spermatozoa, impair fertilizing ability (Wang et al., 2003) [43], negatively affect 

fertility (Heuer and Tahir, 1982) [21], and further compromise both fresh and cryosurviving 

sperm through enhanced intracellular ROS generation. Thus, removal of dead and abnormal 

spermatozoa prior to cryopreservation can improve semen quality and enhance cryosurvival. 

(Graham and Graham, 1990; Cisale et al., 2001, Alvarez et al., 1993; Bhakat et al., 2014)  
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 [18, 12, 2, 8]. Any deviation from the normal structure of 

spermatozoa is considered abnormal (Sullivan, 1978) [38], 

and such morphological abnormalities are broadly classified 

as primary (originating in the testis during spermatogenesis) 

and secondary (arising during epididymal transit or semen 

handling). semen freezing increased the rate of sperm 

morphological abnormalities. (Kulaksiz et al 2012) [25] 

.Abnormality is one of the indicators in determining the 

quality of spermatozoa because abnormal cell structures can 

cause disturbances and obstacles during fertilization, further 

causing low rates of implantation and pregnancy (Wajdi, 

2021) [41]. Although ejaculated semen normally contains 

some abnormal spermatozoa (Faulkner and Pineda, 1980) 
[33], fertility is generally unaffected unless abnormalities 

exceed 20%; however, higher prevalence is associated with 

reduced fertility (Lagerlof, 1934; Sullivan, 1978) [27, 38]. 

These abnormalities may be hereditary or acquired due to 

environmental or pathological factors, making sperm 

morphology evaluation an essential component of breeding 

soundness examination (Turner et al., 2005) [39]. Despite 

extensive research on semen dilution and low sperm dose 

cryopreservation, most studies have primarily focused on 

sperm viability (Garner et al., 2001; Maxwell and Johnson, 

1997) [17, 29], motility (Ballester et al., 2007) [6], acrosomal 

integrity, and hypo-osmotic swelling response (Karan, 2018) 
[24] with fewer studies focusing specifically on sperm 

abnormalities and factors affecting it in relation to low-dose 

semen cryopreservation are scarce in goat farming 

(Fernandez-Santos et al., 2006) [15]. Therefore, the present 

study was designed to evaluate the effect of dilution and 

sperm concentration on post-thaw semen quality with 

special emphasis on sperm morphology and abnormalities in 

Black Bengal buck semen.  

 

Materials and Methods 

The study was conducted at ICAR-National Dairy Research 

Institute (Eastern Regional Station) in Kalyani, located on 

the eastern bank of the Hooghly River in the lower Gangetic 

basin. The region has a hot and humid climate (12-39 °C; 

58-91% RH; ~1250 mm rainfall). The study period extended 

from December 2024 to July 2025. Four bucks were 

randomly selected from a group of 13 fertile males, aged 

between 2 to 4 years and weighing 20-30 kg, reared at the 

experimental Goat Unit. Semen was collected twice weekly 

using an artificial vagina with the aid of a doe (mount 

method). A total of 144 ejaculates (4 bucks × 36 replicates) 

were obtained during the study. The collected semen from 

four bucks was immediately placed in insulated thermo-

flask maintained at 37 °C and taken to semen analysis 

laboratory. The samples with >3 mass motility, > 80% live 

sperm, >70% progressive motile sperms were selected. Only 

ejaculates meeting the following eligibility criteria were 

selected for cryopreservation: mass activity score of at least 

+ 3, sperm concentration ≥ 2, 500 million/mL, ejaculate 

volume ≥ 0.5 mL, and individual motility ≥ 70%. Four such 

qualifying ejaculates were randomly allocated into four 

groups and diluted with Tris fructose-citrate egg yolk 

extender (Fig.1). The volume of extender was calculated 

specifically for each group to achieve the target sperm 

concentrations of 25, 50, 75, and 100 × 10⁶ sperm/dose, 

respectively. Sperm morphological characteristics were 

assessed across all sperm concentration groups at three 

stages: immediately after dilution, after 3 hours of 

equilibration, and after 48 hours of cryopreservation (post-

thaw). 

 
 

Fig 1: Schematic representation of initial quality assessment and 

dilution to different sperm concentration per dose of Black Bengal 

buck semen 

 

Abnormal sperm count was determined by fixing a 10 µL of 

semen sample in Rose Bengal stain describes by Silva et al. 

(2009) [37] with slight modifications and sperm abnormalities 

such as head, mid piece and tail were studied (Fig .2). A 

minimum of 200 sperm from each slide was observed for 

morphological abnormalities and classified accordingly. 

(Figure 2.) 

 

Abnormal sperm% = Sperm counted with 

abnormalities/Total sperm counted × 100 

 

 
 

Fig 2: Rose Bengal staining A-Double head , B-Detached head, C-

Irregular mid piece, D-enlarged mid piece, E-Coiled tail, F-Dag 

defect 

 

Statistical analysis 

The data were analyzed by One-way ANOVA using SPSS 

v.23 software, and means having significant differences 

were subjected to post-hoc comparisons (Tukey's multiple 

range test) and considered as significantly different when 

p<0.01. 

 

https://www.biochemjournal.com/


 

~ 644 ~ 

International Journal of Advanced Biochemistry Research  https://www.biochemjournal.com 

   
 
Results and Discussion 
During the experiment, semen was diluted to variable sperm 
concentration for evaluating the dilution factor with least 
interactive losses for better post thaw semen quality 
particularly morphology.The mean percent value of fresh 
seminal attributes viz. volume (ml), concentration 
(million/ml), mass motility (0 to 5 grade), and progressive 
motility of Black Bengal buck semen was found to be 
0.69±0.03, 3553.74±77.89, 4.45±0.05 and 86.42±0.65 
respectively.The percentage of sperm abnormality in Black 
Bengal buck semen significantly (p<0.01) increased with 
every stage of cryopreservation in all the four sperm 
concentrations per dose of semen. (Table. 1, 2, 3; Fig.3, 4, 
5). At the lowest concentration of 25 ×10⁶ sperm/straw, 
sperm abnormality (%) was minimal, with values of 
5.10±0.26 after dilution, 6.80±0.25 post-equilibration, and 
10.35±0.27 post-thaw. Slightly higher abnormality levels 
were observed at 50 ×10⁶ sperm/straw, reaching 5.95±0.34, 

7.65±0.25%, and 10.95±0.33%, respectively. The lower 
values observed for morphological attributes in 25 
million/dose may be the result of a better counter balance 
between the lethal reactive looses, protective seminal 
proteins, extender constituents and egg yolk during the 
process. A notable increase was found at 75 ×10⁶ 
sperm/straw, where values rose to 6.75±0.27 after dilution, 
8.60±0.25 after equilibration, and 12.75±0.31 after freezing. 
The highest concentration group (100 ×10⁶ sperm/straw) 
showed the greatest degree of abnormality at all stages 
8.80±0.37%, 10.70±0.37%, and 14.90±0.34%, respectively. 
Significantly (p<0.01) higher proportion of abnormal sperm 
population were observed in 75 and 100 ×10⁶ sperm/straw 
when compared to 25 and 50 ×10⁶ sperm/straw at all the 
three stages of cryopreservation while no significant 
difference in the abnormal sperm count was found between 
the 25 and 50 million sperm/straw concentrations. The 
probable reason may be attributed to higher concentration of 
reactive seminal proteins at lower dilution that interacted 
with egg yolk in extender to form more lethal compound 
affecting sperm (Brinsko et al., 2000; Miro et al., 2009) [9, 

30]. Current findings are in agreement with the observations 
of Rijsselaere et al. (2005) [34], who reported that higher 
sperm concentrations were associated with a greater 
proportion of morphological defects. Ahmad et al. (2015) [1], 
reported that at sperm concentration of 100 million/ml, 
morphologically normal sperm declined significantly from 
96.8±0.36% in fresh semen to 96.4±5.2% after dilution, 
87.6±7.5% after equilibration, and further to 81.0±5.7% 
post-thaw. Deori et al. (2018) [13] and Asaduzzaman et al. 
(2021) [4] also reported that sperm abnormalities increased 
during cryopreservation due to structural damage and 
osmotic stress. Similarly, Vigneshwaran et al. (2024) [40] 
observed significantly higher sperm abnormalities at the 
pre-freeze stage with 75 ×10⁶/dose sperm concentration, 
highlighting that the equilibration process itself may induce 
morphological defects. These findings suggest that elevated 
sperm concentrations are associated with a higher incidence 
of abnormal spermatozoa, likely due to greater metabolic 
waste accumulation, oxidative stress, and inadequate 
cryoprotectant distribution. Such stressors can impair 
structural integrity and promote morphological defects 
during the cryopreservation process. Defective sperm 
morphology has been associated with compromised 
fertilization potential and embryo quality (Chenoweth, 
2009; Lewis-Jones et al., 2003) [11, 28], emphasizing the 
relevance of minimizing abnormalities through optimized 
cryopreservation protocols. 

Table 1: Effect of various sperm concentration per dose on 

different sperm abnormality after dilution of Black Bengal bucks’ 

semen  
 

Sperm abnormalities 
Sperm concentration per dose  

25 50 75 100 

Head 1.53±0.08 1.79±0.10 2.03±0.08 2.64±0.11 

Mid piece 1.02±0.05 1.19±0.07 1.35±0.05 1.76±0.07 

Tail 2.55±0.13 2.98±0.17 3.38±0.14 4.40±0.19 

Total 5.10±0.26a 5.95±0.34a 6.75±0.27b 8.80±0.37c 

Means with dissimilar superscripts in a column (a, b, c) differ 

significantly (p<0.01)  
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Fig 3: Effect of various sperm concentration per dose on different 

sperm abnormality after equilibration of Black Bengal bucks 

semen 

 
Table 2: Effect of various sperm concentration per dose on 

different sperm abnormality after equilibration of Black Bengal 

bucks semen 
 

Sperm 

abnormalities 

 Sperm concentration per dose  

25 50 75 100 

Head 2.04±0.08 2.30±0.08 2.58±0.08 3.21±0.11 

Mid piece 1.36±0.05 1.53±0.05 1.72±0.05 2.14±0.07 

Tail 3.40±0.13 3.83±0.13 4.30±0.13 5.35±0.19 

Total 6.80±0.25a  .65±0.25a 8.60±0.25b 10.70±0.37c 
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Fig 4: Effect of various sperm concentration per dose on different 

sperm abnormality after equilibration of Black Bengal bucks 

semen 

  
Table 3: Effect of various sperm concentration per dose on 

different sperm abnormality after Post freeze-thaw of Black Bengal 

bucks semen 
 

Sperm 

abnormalities 

Sperm concentration per dose  

25 50 75 100 

Head 3.11±0.08 3.29±0.10 3.83±0.09 4.47±0.10 

Mid piece 2.07±0.05 2.19±0.07 2.55±0.06 2.98±0.07 

Tail 5.18±0.14 5.48±0.17 6.38±0.16 7.45±0.17 

Total 10.35±0.27a 10.95±0.33a 12.75±0.31b 14.90±0.34c 
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Fig 5: Effect of various sperm concentration per dose on different 

sperm abnormality after Post freeze-thaw of Black Bengal bucks 

semen 

  

According to Rengan et al. (2012) [25], spermatozoa 

abnormalities that exceed 14% indicate the presence of 

symptoms of infertility or infertility in a male, whereas 

according to Kumar and Singh (2015), abnormal sperm 

counts in semen up to 20% will not cause a decrease in 

fertility rates. Spermatozoa head abnormalities are caused 

by the presence of free radicals that enter at the time of 

ejaculation (Benko et al., 2022) [7]. Saake et al. (1998) [35] 

reported that abnormal head morphology of spermatozoa 

could have both compensable and an uncompansable 

component. And concluded that morphological abnormal 

spermatozoa are excluded from the accessory sperm 

population based upon severity of head shape distortion. 

Reduced sperm motility and membrane integrity were 

associated with increased DNA damage and abnormal 

sperms (Gundogan et al., 2010) [19]. Januskauskas et al. 

(2001) [22] reported that the occurrences of abnormal 

spermatozoa are positively correlated with DNA damage. A 

high percentage of abnormal and dead spermatozoa 

(Shannon and Curson, 1972, Heuer and Tahir, 1982) [36, 21] 

exert toxic and lytic effect on motile sperm cells in the 

ejaculate, which leads to lower fertility.  

 

Conclusion 

Semen dilution to 25 million spermatozoa/dose establish a 

better counterbalance between different constituents 

influencing the morphological sperm characters and can be 

efficiently used in cryopreservation.Whereas quality semen 

also, posseses large numbers of abnormal and dead 

spermatozoa which exert a toxic and lytic effect on motile 

live sperm cells in the ejaculate, which leads to lower 

fertility which can be manages by the filtration technique to 

remove dead and abnormal spermatozoa to improve the 

cryosurvival of spermatozoa even at higher dilutions. 
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