
Abstract

 Four bulls each of four breeds 
(crossbred Holstein Friesian, crossbred 
Jersey, Vechur and Kasargod Dwarf) used for 
frozen semen production in Kerala Livestock 
Development Board were selected to evaluate 
the effect of breed on the quality of frozen 
semen. Semen samples of all the bulls (n=16) 
procured monthly for a period of ten months 
were subjected to in vitro quality assessment 
tests. Among the seven quality parameters 
studied, only progressive motility and cervical 
mucus penetration distance of post thaw 
spermatozoa were observed to be significantly 
(p<0.05) influenced by breed of the bull. There 
was no significant influence of breed on viability, 
abnormality, acrosome integrity, functional 
membrane integrity and induced acrosome 
reaction of frozen thawed spermatozoa. The 
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Introduction

 The success of artificial insemination 
programme in cattle is mainly dependent on 
quality production of frozen semen, as it is used 
extensively for cattle breeding programmes. 
Even though quality control measures for frozen 
semen production are strictly followed as per 
the Minimum Standards for Protocols, the 
outcome is not reaching the expected levels. 

The cattle breeding policy of Kerala 
is crossbreeding, hence majority of the cattle 
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population are crossbreds. Even though the 
number of indigenous animals is less, there are 
two unique cattle breeds- Vechur and Kasargod 
Dwarf- which are highly adapted for the specific 
climatic conditions of Kerala. Recent studies 
using fresh semen showed a significant 
influence of cattle breed on in vitro fertility of 
spermatozoa (Boujenane and Boussaq, 2014). 
But research works to assess the influence of 
this factor on frozen semen are few. hence, the 
present study was carried out to evaluate the 
genetic influences on frozen semen quality by 
applying various in vitro fertility tests, with the 
ultimate objective of strengthening of artificial 
insemination programme in Kerala. 

Materials and Methods

Procurement of frozen semen samples

This study was conducted to evaluate 
the effect of breed on the quality of frozen 
bovine semen using in vitro fertility tests. 
Four animals each of four breeds, Crossbred 
holstein Friesian (CBhF- holstein Friesian X 
Gir), crossbred Jersey (CBJY- Jersey X Red 
Sindhi), Vechur (VR) and Kasargod Dwarf (KD), 
with age at collection averaged approximately 
50 months were selected for the present study.  
The selected animals were maintained at bull 
station of KlDB, Dhoni, Palakkad and used 
for regular semen collection. Frozen semen 
samples of each bull produced during each 
month were procured at regular intervals for a 
period of 10 months and subjected to various in 
vitro fertility tests. French mini straws (0.25ml) 
containing a dose of 20 million spermatozoa 
diluted and frozen stored in TRiS-citrate-
fructose-egg yolk-glycerol extender, were used 
for the experiment.

Post thaw semen evaluation

 Routine sperm parameters: Thawing 
of semen was carried out in a water bath at 37°C 
for 30 seconds. Per cent progressive motile 
spermatozoa were assessed using phase 
contrast microscopy (400X). Eosin-Nigrosin 
staining technique was employed for evaluating 
the viability and abnormality of spermatozoa in 
the sample.

 Sperm function tests: intact acrosome 

per cent was assessed as described by Watson 
(1975). hypo-osmotic swelling test (hOST) for 
assessing the per cent of spermatozoa with 
plasma membrane integrity was conducted with 
the test solution of 150 mOsm/l (Jayendran 
et al.,1984) and the per cent of spermatozoa 
responded to hypo-osmotic medium were 
recorded.

 Fertility tests: Bovine cervical mucus 
penetration test was used to assess the ability 
of frozen thawed spermatozoa to penetrate 
the mucus barrier in the female genital tract. 
To reduce the variation in the results bovine 
cervical mucus was substituted with two per 
cent polyacrylamide gel prepared using 1.5 M 
TRIS buffer (Anilkumar et al., 2001). The test 
was conducted by keeping two of the non-
heparinized hematocrit capillary tubes (75 mm 
length and 0.8 mm diameter) in semen reservoir 
for 30 minutes at 37°C in an incubator. The 
distance travelled by the vanguard spermatozoa 
was measured using 400X objective of phase 
contrast microscope. The result was expressed 
in mm/30 min.

 The in vitro capacitation status was 
assessed indirectly by inducing acrosome 
reaction in the capacitated spermatozoa 
(Parrish et al., 1988). Thawed semen samples 
from 0.25 ml French mini straws containing 
20 million spermatozoa were transferred to 
the Eppendorf’s tubes. in order to remove the 
extender, the samples were washed by diluting 
0.25 ml semen with one ml Sp-TAlP (Tyrode’s 
albumin lactate pyruvate), centrifuged at 275 g 
for 10 min at 20-250C, resuspended the sperm 
pellet in 1.25 ml Sp-TAlP, and repeated the 
centrifugation. The resulting sperm pellet was 
resuspended in one ml Sp-TAlP, heparin was 
added at 10 µg/ml and the samples were kept 
in a CO2 incubator for 4 h with five per cent CO2 
in air and at 390C. At the end of incubation, 
lysophosphatidylcholine was added at 100 
µg/ml and the sperms were incubated for an 
additional 15 minutes. Trypan blue- Giemsa 
double staining (Kovacs and Foote, 1992) was 
used to evaluate the percent of live acrosome 
reacted spermatozoa which was assessed 
under 400X magnification of a bright-field 
microscope.
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Statistical analysis

Effect of breed of the bull on in vitro 
fertility of spermatozoa was evaluated by 
subjecting the collected data to statistical 
analysis using SPSS version 21 software. 
Repeated measures ANOVA was used to 
compare the means.

Results and Discussion

 Routine sperm parameters: Post-thaw 
motility of frozen thawed spermatozoa was 
found to be significantly influenced by breed of 
the bull (Table 1). Similar to the finding of the 
present study, Boujenane and Boussaq (2014) 
reported that breed of bulls had significant 
effect on post thaw motility. Among the four 
breeds CBJY semen showed significantly 
lowest (P<0.05) overall mean post thaw motility 
than the semen of other three breeds which 
were having statistically similar mean post 
thaw motility. Similarly, lower values were also 
reported by Tuli et al. (1988) and Kumar et al. 
(2015) in CBJY bulls.

Non-significantly higher overall mean 
per cent for post thaw viability (63.42±2.47) 
were observed in CBhF semen samples, 
whereas those values were non-significantly 
lower for the indigenous bull semen. 

The post thaw motility and viability per 
cent obtained for frozen semen of indigenous 
breeds in Kerala were similar to that reported 
in other indigenous breeds like Gir (Chowdhury 
et al., 2013) and Kankrej (Patel and Siddiquee, 

2013). Post thaw viability per cent observed in 
semen of cross bred Jersey bull (Kumar et al., 
2015) and pure bred bulls (Zodinsanga et al., 
2015) in earlier studies were 51.63±0.97 and 
59.9±1.9 respectively which were comparable 
to the results obtained in the present study.

Non-significantly lowest mean per 
cent post thaw total sperm abnormalities 
were observed in KD semen. Whereas non-
significantly high spermatozoa abnormality 
was noticed in CBJY and VR bull semen. The 
sperm abnormality per cent observed in the 
frozen semen samples were lower than the 
recommended permissible limit. it indicated the 
good quality of these samples.

 Sperm function tests: Non-significantly 
higher mean per cent post thaw acrosome 
intactness was observed in KD semen, whereas 
non-significantly low acrosome integrity was 
noticed in CBJY and VR bull semen. The per 
cent of acrosome intactness of frozen thawed 
spermatozoa of different breeds under study 
were found to be higher than that obtained for 
Kankrej bulls (Patel and Siddiquee, 2013) and 
crossbred Jersey bulls (Kumar et al., 2015). But 
those were lower than the values reported by 
Zodinsanga et al. (2015) in pure bred (79.9±3.8) 
and cross bred (92.9±2.4) bulls.  

Functional plasma membrane integrity 
assessed through HOST was non-significantly 
higher in frozen semen of CBJY bulls and lower 
in VR bulls. All the values of hOST response 
noticed in this study were higher than the 

Table 1. Effect of breed on post thaw parameters of frozen bovine semen (Mean±SE)
Post thaw semen parameters CBhF (n=40) CBJY (n=40) VR (n=40) KD (n=40)

Motility (%) 55.47±2.82ab 44.01±5.80c 53.44±3.56ab 56.41±6.12a

Viability (%) 63.42±2.47ns 59.62±3.98ns 57.24±3.11ns 57.61±2.33ns

Abnormality (%) 2.91±0.71ns 3.65±1.47ns 3.36±1.20ns 2.36±1.49ns

Acrosome integrity (%) 78.23±1.43ns 71.76±2.59ns 71.86±1.71ns 80.14±3.73ns

Response to hOST (%) 63.57±1.61ns 68.87±1.00ns 61.23±3.02ns 63.91±4.98ns

Gel penetration distance (mm/30 min) 12.34±0.30ab 12.28±0.50abc 11.53±0.21bc 13.09±0.49a

Acrosome reacted sperms (%) 48.70±6.46ns 46.60±4.69ns 43.32±4.82ns 42.42±3.82ns

Values with different superscripts within the same row (a,b,c,d) differ significantly at 5% level
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minimum recommended percent (minimum 40) 
and the previously reported plasma membrane 
integrity of various breeds of bulls (Chowdhury 
et al., 2013; Kumar et al., 2015 and Zodinsanga 
et al., 2015).

 Fertility tests:  The distance covered by 
frozen thawed spermatozoa in polyacrylamide 
gel was significantly lower (P<0.05) for VR 
semen than KD semen. The crossbreds showed 
statistically similar values with that of KD in this 
test. The values obtained in this study were in 
agreement with the observations of Becher 
et al. (2013) but lower than that reported by 
Anilkumar et al. (2001) in bull semen using 
similar technique. Perusal of literature did 
not reveal any effect of breed of the bull on 
gel penetration ability of the frozen thawed 
spermatozoa.

Non-significantly higher overall 
mean per cent for induced acrosome reaction 
(48.70±6.46) were observed in CBhF semen 
samples, whereas those values were non-
significantly lower for the indigenous bull 
semen. 

in contrast to the present study, 
Demyda-Peyras et al. (2012) reported that there 
was significant influence of breed of various 
endangered Spanish bulls on induced in vitro 
acrosome reaction in frozen semen samples. 
The per cent of post thaw bovine spermatozoa 
that were acrosome reacted in vitro, was lower 
than that observed by Parrish et al. (1988) and 
Costa et al. (2010) and higher than the values 
reported by Zodinsanga et al. (2015) who 
induced in vitro capacitation and acrosome 
reaction in spermatozoa with the same tech  
nique.

The results of the present study were 
confirming the effect of breed of bull, on certain 
quality parameters  of frozen semen. Post-
thaw motility and gel penetration distance of 
frozen thawed spermatozoa were found to be 
significantly influenced by breed of the bull 
(Table 1). But values obtained for all the other 
post thaw semen parameters did not differ 
significantly between the four breeds under 
study. Among crossbreds, CBhF was found to 
be the better frozen semen producer whereas 

among indigenous breeds Kasargod Dwarf was 
observed to be superior. Vechur and Kasargod 
Dwarf breeds are under conservation and 
selection intensity of these bulls for freezing 
of semen are low when compared to cross 
breds. Employing superior bulls of selected 
breeds by careful semen quality analysis in 
the crossbreeding programme, along with 
the conservation and intense selection of 
indigenous bulls will help to satisfy the needs 
of bovine assisted reproductive programmes in 
the state.
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