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Fertility assessment of semen donor bulls used in Artificial
Insemination programs is an important step in improving dairy
industry in Sri Lanka. A study was conducted to evaluate the
fertility of semen donor bulls using semen parameters and
respective pregnancy rates. The semen donor bulls (n=21) in the
Central Artificial Inseminations Station, Kundasale were selected
for the study, and the hypo-osmotic swelling test was performed
for both fresh and frozen semen of each bull. Data were analysed
using statistical function of Excel software version 2010.
Presence of high percentage of hypo-osmotic swelling positive
spermatozoa in both fresh and post-thawed frozen semen
indicated that all bulls studied were highly fertile. A total of
49255 Als has been performed in four provinces with an overall
pregnancy rate of 28.2%. The highest pregnancy rate of 57.6%
was recorded in the Northern Province and the lowest
pregnancy rate of 22.5% was recorded in the Central Province.
The study revealed that there was no significant difference
(p>0.05) in semen quality among individual bulls or among
breeds. Although the semen quality of the bulls was in the
acceptable range, the pregnancy rate differed significantly
(p<0.05) according to the area. In addition, the overall pregnancy
rate was (28.2 %) below the acceptable level. Further studies are
required to investigate factors associated with semen quality
and the low pregnancy rates observed in some of the areas.
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INTRODUCTION

Artificial insemination (Al) was first introduced to
Sri Lanka in 1938 (Mahamooth, 1955). At the
beginning, it was limited to private breeders and
then expanded to the field level in 1951 using
chilled semen (Mahamooth, 1955; Jeganathan,
1955). The Deep-Frozen (DF) semen technology
was introduced to the country on an experimental
basis in 1966 and the field application of it was
initiated in 1968 (Jainudeen, 1968). The number
of Als per annum increased from 72 in 1951 to
108,338 in 1996 over 45 years
(Abeygunawardena and Alexander, 2001).
Currently ~200,000 Als are performed annually
(The National Livestock Breeding Policy, 2010).
Continuous upgrading of existing dairy cattle
through National Artificial Insemination program
has undoubtedly contributed to the increase in
milk production in the country. The national Al
program for dairy cattle is carried out according
to the national breeding policy. Accordingly, the
type of semen to be used in a particular farm
depends on the management system, the agro-
climatic zone and the breed of the cow. The
implementation of such a comprehensive
breeding program requires the maintenance of
different breeds of semen donor bulls for semen
production.

The Central Artificial Insemination Station (CAIS)
in Kundasale, Sri Lanka is responsible for
processing and distributing DF semen for artificial
insemination of cattle and buffaloes throughout
the country. Different dairy breeds of semen
donor bulls such as Friesian, Jersey, Sahiwal and
their crosses are maintained at CAIS. Most semen
donor bulls have been imported to the country at
a young age and subsequently were recruited as
semen donors after criteria for DF semen were
met. Artificial inseminations have also been
carried out in recent years using sex-sorted semen
(Chang et al, 2017) on a trial basis through the
CAIS.

Since CAIS has been the key institution for
producing and distributing DF semen for national
Al program, it has to validate the semen
characteristics of the donors and assure the
minimum requirements stipulated for good
quality DF semen. The success rate of the Al field
program is not only depending on the quality of
semen but, handling of semen, Al technique and
timely insemination of a cow. However, the
feedback on the success rate from the field is of
vital importance for CAIS, especially because none
of the imported stud bulls have been progeny
tested.
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It has been shown that though the routine semen
characteristics (volume, concentration, and
motility) are good indicators to determine the
quality of the semen, these parameters are poorly
correlated with the fertility of the bull (Rodriguez-
Martinez, 2006). However, the computer-assisted
sperm analysis (CASA) gives an array of
information on individual spermatozoon motility
which correlates with fertility (Amann and
Waberski, 2014; Kathiravan et al, 2011). Several
indirect tests can be wused to assess the
fertilization capacity of ejaculated spermatozoa.
Hypo-osmotic sperm swelling (HOS) is one of
those tests which is used to assess the functional
integrity of the sperm cell membrane (Agarwal et
al, 2016). An intact and functionally active sperm
cell membrane is essential for the fertilization
process of the oocyte. Changes in cell membrane
integrity of spermatozoa could occur during the
freezing and thawing process. Spermatozoa with
functional cell membranes will swell in the hypo-
osmotic medium allowing water transport across
the membrane. This phenomenon indicates
plasma membrane integrity and functional
activity. Hence, the percentage HOS positive
sperm in a fresh or frozen-thawed semen sample
could be used to reflect the number of functional
spermatozoa in a semen sample. Therefore, the
present study was conducted to investigate the
semen characteristics, to estimate the percentage
of HOS positive spermatozoa in fresh and post-
thawed semen samples and to evaluate the field
performance of these semen donors in the four
selected provinces. It was also aimed to explore
the effect of HOS positive sperms in frozen-
thawed semen on fertility.

METHODOLOGY

Experimental animals and their

management

All the semen donor bulls (n=21) belong to
Friesian (n = 7), Jersey (n = 10), Friesian-Sahiwal
crossbred (n = 3) and Jersey-Sahiwal crossbred (n
= 1) genotypes in CAIS were included in the study.
The ages of the bulls ranged from 3-12 years. Bulls
were fed with 50 Kg of chopped green fodder, 4 Kg
of concentrate mix and 100 g mineral mixture per
day, and allowed for free access to water. All the
bulls were individually housed with 2.5 x 2.5 m
sheds with a free runner. Two hours of physical
exercise were given daily in the designated stud
bull exercise area. Animals were vaccinated
annually for HS and FMD and regularly screened
for Trichomoniasis, Brucellosis, and Leptospirosis,
and also treated for external and internal
parasites as necessary.
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Evaluation of semen characteristics

During the two-year study period semen
characteristics (volume, concentration, and
motility) of all the bulls were recorded. Semen
was collected in the morning on Mondays and
Thursdays every week where two ejaculates of ten
minutes apart were done using an artificial vagina.
The volume (ml) of ejaculate was recorded from
the calibrated semen collection tube. Sperm
concentration (millions/ml) of pooled ejaculate
was measured by spectrophotometer (IVM,
France). The percentage of sperm motility was
assessed using diluted (1:1) semen under the
phase-contrast microscope (10x and 20x).

Hypo-osmotic swelling test (HOS)

The HOS test was performed as described by
(Jeyendran et al, 1984). Accordingly, 50 pl of
undiluted semen was added to 1 ml of 100 mmol
solutions, gently mixed and incubated for 30
minutes. A drop of the incubated suspension was
placed on a clean glass slide and covered with a
coverslip before examining under 20x and 40x
magnification of the microscope. The test
conditions (osmolarity, temperature, and duration
of incubation) were optimized prior to the testing
of samples. The percentage of HOS positive sperm
in the sample was obtained by counting at least
200 sperm cells. The HOS test for fresh semen was
performed using two independent samples from
each bull during the study period. The HOS test
was conducted for representative samples from all
the batches of semen dispatched to the provinces
selected for the evaluation of field performances.

Evaluation of field performance of stud
bulls

Stud bull performance was assessed using
pregnancy rates for which the number of Als
performed and confirmed pregnancies for
respective bulls were recorded from selected
veterinary ranges representing four Provinces,
namely Central, Northern, North Western, and Uva
for 2010 and 2011 calendar years. Veterinary
ranges were purposively selected based on the
number of Als performed in the range. Pregnancy
rates for individual bull and for different
genotypes (breeds or crosses) of semen donors
were calculated.

Statistical Analysis
Statistical analysis was performed only for the

semen data collected from Jersey, Friesian and
Friesian x Sahiwal crossbred bulls using Minitab
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statistical package version. Data of single semen
donor bull (Jersey-Sahiwal crossbred) was not
included for statistical analysis. However, the
descriptive  data were presented where
appropriate. The pregnancy rate by different bulls
in each province was presented as a percentage.
Percentage of HOS positive sperm in fresh and
post thawed semen samples in different bulls
were compared using one-way ANOVA
Correlation analysis was performed to study the
relationship between pregnancy rate and
percentage of motile sperm in fresh and frozen
semen in individual bull.

RESULTS
Semen volume

The mean ejaculatory volumes (ml) of Jersey,
Friesian and Friesian x Sahiwal were 5.32 + 0.1,
7.18 £ 0.1 and 5.79 #* 0.8, respectively, and the
volumes were significantly (P < 0.01) different
among breeds. Semen volume within Jersey and
Friesian breeds also showed significant
differences. Two bulls (276 and 277) in Jersey
breed ejaculated significantly lower semen
volumes than the other bulls. Only one bull (440)
among Friesians had significantly low semen
volumes. The highest and the lowest recorded
volumes (ml) of ejaculates were 9.36 + 0.3 and 3.3
+ 0.2 for both Friesian and Jersey bulls.

Sperm motility

The average percentage of motility of sperm in
fresh semen was above 70% in all bulls. There was
no significant difference in semen motility among
genotypes and different bulls. The average
motility in post-thawed semen samples of all bulls
ranged between 50-60% and no significant
difference (p>0.05) was observed among and
within genotypes. However, the fresh semen of all
bulls had significantly higher (p<0.01) motility
than post thawed semen.

Sperm concentration

Mean sperm concentrations in fresh semen
showed a significant (p<0.01) difference among
and within different genotypes. Sperm
concentration of Jersey breed (1026 + 22 x 106 per
ml) was significantly (p<0.01) different from
Friesian and Friesian x Sahiwal breeds. The
highest (1630 * 77 x 106 per ml) and the lowest
(406 + 25 x 10 per ml) sperm concentrations in
fresh semen were produced by a Jersey (No.270)
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and a Friesian x Sahiwal (No. 986) bulls,
respectively. The mean sperm concentration of
Sahiwal and Jersey x Sahiwal bulls were 837 + 59
and 705 + 30 x 10¢ per ml, respectively.

HOS test performance

Percentages of HOS positive sperms in fresh
semen for individual bulls of different breeds
were the highest (85%) in Jersey (No.274) and the
lowest (65%) in Friesian (431) bulls. In post-
thawed semen, the highest percentages of HOS
positive sperms were found in the same Jersey
bull and the lowest (63%) was found in Friesian
bull No. 439. The average percentage of HOS
positive sperms in fresh semen was 81.1+1.9 in
Jersey and it was 76.8+4.3 in Friesian. The values
were not significantly (p>0.05) different between
the two breeds. In post-thawed semen, the values
were 74.6 + 2.0 in Jersey and 69.5 * 3.8 in Friesian
(p>0.05). There was a positive correlation
between the percentage of HOS positive sperms in
fresh and post-thawed frozen semen (r = 0.77).
Results of the t-test revealed that the percentage
of HOS positive sperms was significantly lower
(p<0.05) in post-thawed frozen semen (72.7 £1.9)
than in fresh semen (79.5 £1.9).

Pregnancy rate

A total of 49255 Als was performed in four
provinces during the study period whereas the
calving reported were 18962 resulting an overall
pregnancy rate of 28.2% (Table 1). The highest
number of Als have been done in Uva Province
and the pregnancy rate of the province was
27.3%. Northern Province recorded the lowest
number of Als during the study period. However,
the pregnancy rate in Northern Province was over
50%. The predominant type of semen used in all
provinces was Jersey and this was followed by
Friesian, Jersey x Sahiwal, Friesian x Sahiwal and
Sahiwal. The pregnancy rates of Jersey bulls were
found to be 22.4 %, 52.1 %, 48.5 % and 26.8 % for
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Central, Northern, North-Western, and Uva
provinces, respectively, while it was 22.6 %, 79.1
%, 42.0 % and 47.0 % for Friesian bulls,
respectively in the same provinces (Table 1).

DISCUSSION
Semen volume

Results of the present study revealed a significant
variation in semen volumes of individual bulls as
well as among different genotypes. Previous
studies also reported a significant breed
difference in the volume of semen of pure and
crossbred bulls (Kumar et al, 2015) and also
among individual bulls (Nasrin et al. 2008). The
mean ejaculate volume of bulls in the present
study was found to be higher than the values of
4.05 + 0.03 ml for Friesian and 2.92 * 0.03 ml for
Jersey reported by Fiaz et al, (2010). This
difference could be due to managerial and
environmental effects. Ejaculate volumes of
Friesians and Jersey bulls were affected by the
season of the year hence seasonal stress reduced
the ejaculate volumes (Fiaz et al, 2010). The
ejaculatory volume of stud bulls is an important
parameter because, the higher the ejaculatory
volume, the higher the number of doses of frozen
semen produced from stud bulls.

Sperm motility

Sperm motility in fresh (70%-80%) and post-
thawed frozen semen (50%-60%) were above the
accepted standard and there was no significant
variation in sperm motility in individual semen
donor bulls. This observation tallies well with the
previous reports which ranged between 50% and
80% (Kumar et al, 2015; Vasan, 2011). In
addition, the semen concentrations of bulls in this
study were in agreement with the previous
findings.

Table 1: Pregnancy rates of the semen donor bulls managed at the Central Artificial Insemination

Station.
Province
Central Northern North Western Uva
Breed Total Pregnancy Total Pregnancy Total Pregnancy Total Pregnancy
Als Rate % Als Rate % Als Rate % Als Rate %

Jersey 4694 22.4 1722 52.1 9097 48.5 14259 26.8
Friesian 2634 22.6 441 79.1 1385 42.0 994 47.0
Overall 7328 22.5 2163 57.6 10482 47.6 15253 28.2
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Nasrin et al, (2008) also has reported that the
sperm motility varied in individual bulls. The
variation among individuals could be due to the
differences in their genotype and location related
environmental factors.

The best evaluation of fresh and frozen semen
samples could be achieved by measuring the
sperm motility before processing and also taking
into consideration the percentage of dead and
morphologically abnormal cells (Wael et al, 2018;
Vasan, 2011). However, there was no regular
testing done to detect the percentage of abnormal
sperms present in individual bulls in CAIS.
Previous studies have shown that pregnancy rate
correlates with all measures of motility including
dead or abnormal sperm content in semen (Vasan,
2011). However, the post thawing sperm motility
of 50%, which was often stipulated for approval of
the semen after freezing, did not seem to be the
optimal choice (Stilhammar et al,1994). Post
thawing motility of all semen donors at CAIS was
above this threshold. Evaluation of the fertility of
semen donors should be based on direct recording
and evaluation of non-return rates. The motility
parameters had been used to test the fertility of
bulls in the field (Vasan, 2011).

Sperm concentration

This study revealed that sperm concentration
significantly varied among and within different
genotypes. A Jersey stud bull produced the highest
concentration of semen, and the lowest sperm
concentration was recorded by a Friesian x
Sahiwal bull. Nasrin et al, (2008), Hafez (1993)
and also reported the similar findings in their
respective studies. Nasrin et al, (2008) further
described that sperm concentration was positively
correlated with non-return rates (However, Foote
and Kaproth (1997) indicated that total sperm
numbers per straw could be reduced to 10 x 106
under good management and semen handling
conditions, without reduction of non-return rates
at 59 days). Sperm concentration below 500
million/ml was not used for processing DF semen
and only a few ejaculates were discarded due to
poor sperm concentration in CAIS during the
study period.

HOS positive
pregnancy rate

sperm percentage and

HOS of the sperm tail is used to assess the
spermatozoa cell membrane integrity (Ramu and
Jeyendran, 2013). Previous studies revealed that
there is positive correlation between HOS positive
sperm and bull fertility (Samardzija et al, 2008).
The percentage of HOS positive sperms in the
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fresh semen of this study was higher than that of
frozen semen. This indicates that semen
processing causes some damage to the cell
membrane. Januskauskas and Zilinskas (2002)
had reported that processes of semen dilution,
chilling, freezing, storage and thawing can reduce
the viability of sperms. Percentage of HOS positive
sperms in a semen sample found to be changed
according to the bull (Prasad et al,1999), season
(Kale et al, 2000), semen traits (Prasad et al,
1999) and fertility (Vasan, 2011).

Use of large number of frozen semen samples
from bulls with a wide range of fertilities were
recommended to find out the relationship
between semen evaluation methods and fertility,
over the use of the limited range of non-return
data from a small group of regular bulls (Vasan,
2011). Lodhi et al, (2008) suggested routine
testing of the HOS test of semen samples as an
indirect method of evaluating fertility in vivo. In
addition to the HOS test, estimation of potential
fertility of bulls could also be achieved by thermal
stress test and modified cervical mucus
penetration test, in combination with routine
dermatological tests (Bacinoglu et al, 2008).
Correa et al, (1997) found a high correlation
coefficient between fertility and sperm
characteristics in frozen-thawed semen such as
motility (r = 0.53; p<0.01), normal morphology (r
= 0.59; p<0.01) and swollen spermatozoa (r =
0.57; p<0.01). The maximum sperm swelling was
found as an indication of high fertility during the
same study. However, Martins et al, (2011) found
that even though there were significant
differences in physical and morphological aspects
of semen between highly fertile and poorly fertile
bulls, no difference was found in the mean
percentage of reactive sperm in HOS test.

Pregnancy rate

The overall pregnancy rate reported in the study
was 28.2% (Table 1), and the most predominant
semen used in all 4 provinces was Jersey. This is
primarily due to the recommendation of Jersey
semen for intensive and semi-intensive systems of
cattle management in all provinces in Sri Lanka.
The majority of the farmers in provinces where
this study was conducted managed their cows
semi-intensively and hence used Jersey semen.
Apart from the recommendation, the crossbred
offspring of Jersey were preferred by farmers
owing to their small body size, tolerance to heat
and increase butterfat. These advantages make
the Jersey crosses easy and economical to manage
over Friesian counterparts.
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The Central province recorded the highest usage
of Friesian semen. A considerable part of the
province has favourable environmental conditions
for rearing Friesian. Therefore, most farmers in
this province, particularly those in the estate
sector preferred Friesian cows. Owing to
continuous upgrading, the cows in the area
possess high level of Friesian genotype. Hence,
farmers prefer inseminating their cows with
Friesian semen. The highest number of Al during
the study period was performed in Uva province
and the overall PR recorded for inseminated cows
in the province was 27.3%. Ninety-three percent
of recorded Als in this province were done using
Jersey semen and Friesian semen was used
sparingly. The number of Als performed in Central
Province was nearly half of Als recorded in the
Uva province. Overall PR of Central province was
less than Uva Province. In Central Province, PR for
Jersey (22.4%) and Friesian (22.6%) semen were
quite similar. In contrast, PR of Friesian semen
(47%) in Uva Province was much higher than that
of Jersey semen (26.8%). The PR could be
influenced by many factors such as the timing of
Al and experience of the Al technician (Paul et al,
2011) Causes for the poor performance of Jersey
semen in the Uva province is difficult to explain
based on the results of this study. The
performance of both semen types (Jersey and
Friesian) in North Western and Central provinces
were remarkably low.

Pregnancy rates of Northern and Central
Provinces were significantly different from overall
PR. The difference in pregnancy rates between the
semen from two breeds (Jersey and Friesian) was
not significant (p>0.05). This indicates that all the
bulls in the study were equally fertile. However,
Abeygunawardena and Alexander (2001)
reported that the overall percentage of calving
due to Al or the success rate for inseminations in
the country was low (6.3%). Accurate feedback
results for each insemination performed at the
field level should reach the semen collection
centre to determine the fertility levels of the
donor bulls. However, managing donor bulls,
collection, and processing of semen, maintenance
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