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Abstract

The best Bangladeshi indigenous breeding rams (Wera breed) were selected by evaluating semen
characteristics for using in future semen production and artificial insemination (AI) program. Of total rams
(n=16), 12.5% (2/16) failed to show better performance and 87.5% (14/16) trained for semen collection. A total
of 172 ejaculates were collected and evaluated during a period of 3 months. The mean frequency of semen
collection was 12.3+7 and varied from 4 to 24. The quality of semen varied significantly among the rams (p<0.05).
The selected 62.5% (10/16) best ram had the semen parameters = 0.5 ml volume, = 3 color (milky white), = 4
mass activity (vigorous movement with moderately rapid wave and eddies), = 80% sperm motility, = 90 %
sperm viability, = 2500 x 10° sperm/ml of concentration, = 85% sperm plasma membrane integrity, = 90% sperm
acrosome integrity and = 80% normal sperm morphology. It was suggested that twice the number of ram may be

selected before actual semen production and preservation.
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Introduction

A ram is "half the flock". One ejaculate from a
ram can be used to inseminate several ewes. Selection of
breeding rams would be the prerequisite for optimum
herd productivity. The selected ram must be of high
genetic potential, good libido and produce quality semen
in routine collection (Poulton and Robinson, 1987). It is
important to assess the potential fertility of ram before
it is intended to use for semen production and artificial
insemination (AI). This is usually performed by
evaluating the semen quality. Evaluation of semen such
as semen volume, sperm concentration, sperm motility
and morphology, allows the detection and elimination
of clear cut cases of male infertility or subfertility
(Verstegen et al., 2002; Madhuri et al., 2012).
Semen volume and color are the indicators of sperm
concentrations. Color can be an evidence of injury or
infections in the tract. Sperm motility, viability and
plasma membrane integrity are the strong indicator of
sperm function (Pena et al., 2005). It also predict the
fertilizing capacity of frozen-thawed than fresh
semen (Santiago-Moreno et al., 2009). To facilitate
fertilization, spermatozoa with normal acrosomal
integrity only ensure acrosome reaction, ability to
penetrate the egg's zona pellucida and ability to fuse
with the egg plasma membrane (Esteves et al., 2007).
Cited information regarding selection of breeding rams
evaluated by semen quality is absent in our country.
Therefore, the aim of the present study was to select
best Bangladeshi breeding rams by evaluating semen

for future semen production and Al program.

Materials and Methods

The study was conducted between September
2015 to March 2016 at the Department of Surgery and
Obstetrics, Bangladesh Agricultural University (BAU),
Bangladesh. The university is located at N 24.73 latitude
and E 90.44 longitude, and 9 m above sea level. The
area receives on average 174 mm of rainfall with the
mean annual minimum and maximum temperatures

ranges are 16.46 to 29.13°C, respectively.

Ram and management

All animal procedures were approved by Animal
Experimental Ethics Committee (AEEC) of BAU,
Mymensingh, Bangladesh (Ref. no. AEEC/ DSO-BAU/
02/ 2015). Apparently mature healthy Bangladeshi
rams (n=16), aged 8-14 months, body weight 10.5-16 kg,
scrotal circumference (SC) 16.4-21 cm, body condition
score (BCS) 3.5-4.0 were selected. Rams were dewormed
against internal (Endex®; Novartis, Bangladesh), external
parasites (A-Mectin Plus Vet®; The ACME Laboratories
Ltd., Bangladesh) and vaccinated against Tetanus
(Tetanus Vaccine®, Dano Vaccine & Biologicals Pvt
Ltd., India), Foot and Mouth disease (FMD; Raksha-
Ovac Trivalent®, Indian Immunologicals Ltd., India)
and Peste des Petits Ruminants ( PPR-Vac®, Livestock
Research Unit, Mohakhali, Dhaka, Bangladesh). The
rams were managed under semi-intensive system.
They were provided 150-200 gm hand formulated
concentrates (50% wheat bran, 25% crushed maize, 20%
soybean meal, 1% fish meal, 2% dicalcium phosphate
(DCP® Plus, Opsonin Pharma Ltd., Agrovet Division,
Barisal, Bangladesh) powder, 0.5% vitamin mineral
premix (Megavit®, Opsonin Pharma Ltd., Agrovet
Division, Barisal, Bangladesh) and 1.5% common salt
with the provision of 8-10 hours natural grazing and free

access to drinking water daily.
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Semen collection

After 2 months of acclimatization, rams were
started training for semen collection twice a week for a
period of 3 months. Semen was collected using an
artificial vagina (AV; Minitube, Germany) following
two successive false mount as described by Mishra
et al. (2010). Briefly, Rams were allowed to mount
homosexually for ejaculation into AV filled with warm
water (50-52°C). Immediately after collection, semen
containing tube was maintained at 35°C in water bath

for evaluation.

Semen evaluation
All chemicals used in this study were from Sigma

(St. Louis, MO, USA) and Merck (Darmstadt, Germany).

Semen volume, color and pH

Semen volume was measured directly reading
the graduated collection vial. The semen color was
scored by visual appearance (1-4 grades; Jha et al., 2013).
The semen pH was estimated with pH-indicator paper

(phenolphthalein paper) by matching with color scale.

Sperm concentration

Sperm concentration (x10% sperm/ml) was
calculated as described by Azizunnesa et al. (2014)
using haemocytometer (Neubauer counting chamber).
Semen sample was diluted with buffered formol saline
at 1:200. Briefly, 10 ul of formol saline fixed semen was
counted onto Neubauer counting chamber under

microscope (400x).

Sperm mass activity and motility
Sperm mass activity was estimated according

to Ferdinand et al. (2012). Briefly, 5 ul of semen was

assessed for wave motion under microscope (40x)
without using coverslip and scored into 1-5 grades.
Sperm motility was estimated by placing a drop (5 wl)
of fresh semen and observed under microscope (100x)

using cover slip.

Sperm viability

The sperm viability was estimated by means of
the nigrosine-eosin staining as described by Uysal and
Buck (2007). A semen smear was prepared by mixing
2 ul semen and 10 pl eosin-nigrosin stain (10 gm of
Nigrosin, 1.7 gm Eosin and 2.9 gm of sodium citrate in
100 ml of distilled water). Sperm cells counted as alive
that exclude strict exclusion of the stain and dead that

stain eosin against nigrosin background (400x).

Sperm plasma membrane integrity

The sperm plasma membrane integrity was
estimated by means of hypo-osmotic swelling (HOS)
test as described by Emamverdi et al. (2013) with
some modifications. Briefly, 10 ul semen was diluted
with 100 ul hypo-osmotic solution (4.9 gm sodium
citrate, 9 gm fructose in 1000 ml distilled water) in
Eppendorf tube and incubated at 37°C for 30-45 minutes.
After incubation, smear was prepared and counted
under microscope (400x). Sperm with swollen and
coiled tails were recorded as intact plasma membrane

integrity.

Sperm tail and mid-piece morphology

Sperm tail and mid-piece abnormalities were
evaluated by buffered formol saline wet mount technique
(Jha et al., 2013). Briefly, 10 ul semen was diluted
with 1000 ul buffered formol saline (6.2 gm disodium
hydrogen phosphate, 2.5 gm potassium dihydrogen phos-
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phate, 5.4 gm sodium chloride and 175 ml concentrated
formaldehyde in 1000 ml of distilled water). A drop
(10 wl) of diluted semen was examined under microscope

(1000x).

Sperm head morphology

Sperm head morphology was evaluated by
Williams staining technique (Jha et al., 2013). The stain
was prepared as: Stock solution-I by dissolving 10 gm
of basic fuchsin in 100 ml of 95% alcohol. Stock
solution-II was prepared by dissolving a saturated
solution of bluish eosin in 95% alcohol. Stock solution-
IIT was prepared by mixing 10 ml of stock solution-I with
170 ml of 5% phenol solution. The final working solution
contained 25 ml of stock solution-II and 50 ml of stock
solution-III. A thin semen smear was prepared, treated
with absolute alcohol, chlormine and stained with carbol
fuschsin for 8§ minutes and examined under microscope

(1000x).

Acrosome integrity

Acrosomal integrity was evaluated according
to Soderquist et al. (1997) with some modifications.
A dry smear was prepared from diluted semen (10 ul
semen and 100 ul buffered formol saline). The presence
or absence of a normal apical ridge (NAR) of the sperm
cells were examined (1000x).

At least 200 spermatozoa were examined from
each smear. Photograph were captured by digital eyepiece
camera (MEM1300 Digital Eyepiece, Future Optics Sci.
& Tech. Co., Ltd, China) and Differential Interference
Contrast (DIC) optics (Olympus®, Bx51 Olympus
Optical Co. Ltd., Tokyo, Japan) equipped with the

microscope.

Data analysis

The data were analyzed using SPSS (20
Version) software package. One-way analysis of
variance (ANOVA) followed by Duncan's new multiple
range test (DMRT) was performed to find out the
significant differences in semen parameters among

the rams. Significance was assigned at p<0.05.

Results

Of the total rams (n=16), 37.5% (6/16), 43.75%
(7/16) and 87.5% (14/16) were trained for semen
collection in 1%, 2" and 3™ month of training period
(Fig. 1). Whereas, 12.5% (2/16) were failed for semen
collection. The mean frequency of semen collection
was 12.3+7.0 and varied from 4 to 24 times (Fig. 2).
The selected 62.5% (10/16) best ram had the semen
parameters = 0.5 ml volume, = 3 color, = 4 mass activity,
= 80% sperm motility, = 90% sperm viability, = 2500 x 10°
sperm/ml of concentration, = 85% plasma membrane
integrity, = 90% acrosome integrity and = 80% normal

sperm morphology (Table 1).

Semen evaluation

The semen volume, color, pH, sperm mass activity,
sperm motility, sperm concentrations, sperm viability,
sperm plasma membrane integrity, sperm acrosome
integrity and normal morphology were studied for the
evaluation of fresh ram semen. The Mean+SD values of
semen parameters and level of significance is shown

in Table 1.

Semen volume, color, pH and sperm concentration
The semen volume ranged from 0.2+0.1 to
0.9£0.3 ml. There were no significant difference (p>0.05)

in semen volume among the rams except Ram #09,
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Table 1 Evaluation of fresh ram semen (Mean+SD)

Colour Mass Acrosome

Ram Volume 15 pH activity  Motility Concentration Viability = HOST it Normal

1D (ml) arades) (1-5 (%) (x10° sperm/ml) (%) (%) (%) sperm (%)

grades)

RO1  0.7£0.2* 3.8+0.5* 7.240.3* 4.44+0.5® 86.2+5.5* 2827.24798.0® 93.1+2.1* 85.8+4.4* 92.5%1.8* 86.1%1.4°
RO2  0.8%0.3* 3.8+0.7* 7.13£0.2* 4.530.5® 85.614.3* 2741.91907.4% 93.44+2.0* 87.9+3.4* 92.2+1.9* 86.2%1.5*
R0O4  0.71£0.3* 3.510.8* 7.140.2* 4.240.5> 85.317.4* 3025.6£1035.6 92.8+2.4* 86.1+4.0° 93.242.0*° 86.4+2.0°
RO5 0.8+0.3* 3.740.5* 7.140.4* 4.440.5® 85.8+5.0° 3492.84800.8 93.1+4.3* 84.8+18.5* 92.842.9* 85.0+3.2*®
RO6  0.8+0.3* 3.740.5* 7.040.3* 4.7404® 86.314.6* 3628.11654.1° 94.3+1.5* 86.246.5* 93.8+2.6* 85.1£1.9®
RO7 0.8£0.4* 1.9%1.0° 7.3+0.4* 2.6+0.5¢ 75.3%£3.9° 2644.4%555.9c 83.31+3.8° 71.2+4.4°> 88.314.3> 77.312.9¢
RO8  0.7£0.3* 1.9%1.0° 7.3+0.4* 2.5%0.6° 74.743.9° 2712.4%531.3¢ 83.243.0° 73.4%3.6"° 88.61£3.2° 76.7£3.7°
R0O9 0.2+0.1° 2.0%£0.0° 7.0+0.0* 2.8%£0.5¢ 66.314.8° 2647.9£748.5¢ 80.0+2.8° 74.3%4.1° 85.3%3.1¢ 72.8%3.9¢
R10  0.6+0.3* 4.01£0.0* 7.3+0.4* 4.7£0.5® 83.3%4.1* 3199.91681.3® 93.7+2.6* 88.5+5.6* 92.0+3.0* 83.01+2.4°
RI11  0.7£0.2* 4.0+0.0° 7.0+0.0* 4.840.4* 87.0+4.5* 3561.7£596.8® 93.2+1.8* 85.6%1.1* 92.6%1.5* 85.6%1.1®
R12  0.9+0.2* 4.010.00 7.140.2* 4.630.5° 86.4%+3.8* 3137.0+£582.3% 94.3+2.7* 86.3£1.9° 92.3%£2.0° 85.1%1.6®
R13  0.9%0.3* 4.0+0.0° 7.0+0.0*° 4.6+0.5® 85.7+4.5* 3081.0£768.9® 94.7+1.0*° 86.7£2.3* 91.7%1.8* 84.9+1.7®
R15 0.8%0.2* 4.0+0.0° 7.0+0.0*® 4.6+0.5® 87.0+2.7* 3352.74628.3" 93.8+1.5* 85.8+2.2* 91.2%1.5" 85.4+2.4®
R17  0.6£0.2* 0.0£0.0° 7.1+0.7* 2.440.5¢ 60.0£9.6¢ 2898.4+472.6* 79.743.6° 72.11£5.4"> 84.7£3.0° 73.4+3.3¢

®cdDifferent superscripts within columns are significantly differ (p < 0.05).

Color (1-4 grades): 1 = watery, 2 = yellowish white, 3 = milky white, 4 = creamy white; O indicates abnormal color (presence of blood)

Mass activity (1-5 grades): 1= no perceptive motion, 2 = weak motion without forming any waves, 3 = small, slow moving waves,

4 = vigorous movement with moderately rapid waves and eddies, 5 = dense, very rapidly moving waves and eddies.
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which had significantly lower (p<0.05) semen volume
(0.240.0 ml). The semen color varied significantly
(p<0.05) among the rams with a range of 1.9£1.0 to
4.0£0.0 (Yellowish to creamy). Ram #01, #02, #04, #05,
#0060, #10, #11, #12, #13 and #15 showed significantly
(p<0.05) good quality semen color (milky to creamy
white) except Ram #17, which showed significantly
(p<0.05) abnormal color (presence of blood). The pH of
semen ranged from 7.0£0.0 to 7.3£0.4 and showed no
significant difference (p<0.05) among the rams. The
sperm concentration (x10° sperm/ml) varied significantly
(p<0.05) with a range of 2644.4£555.9 to 3628.11£654.1.
Ram #07, #08 and #09 had significantly lower (p<0.05)
sperm concentration, whereas Ram #06 had significantly

higher (p<0.05) sperm concentration.

Sperm mass activity and motility

The sperm mass activity varied significantly
(p<0.05) among the rams with a range of 2.4+0.5 to
4.840.4 (weak motion without forming any waves to
dense, very rapidly moving waves and eddies formation).
Ram #01, #02, #4, #05, #06, #10, #11, #12, #13 and #15
had significantly higher (p<0.05) sperm mass activity
(4-5; vigorous movement with moderately rapid waves
and eddies to dense, very rapidly moving waves and
eddies formation). Ram #11 was the best one and
Ram #17 was the worst one. The sperm motility varied
significantly (p<0.05) among the rams with a range of
60.0£9.6% to 87.0+2.7%. Ram #01, #02, #04, #05, #06,
#10, #11, #12, #13 and #15 had significantly higher
(p<0.05) sperm motility with a range of 83.3+4.1% to
87.0+2.7%, whereas Ram #07, #08, #09 and #017 had
significantly lower (p<0.05) sperm motility with a range
of 60.0+9.6% to 75.31£3.9%. Ram #17 had significantly
lower (p<0.05) sperm motility of 60.0+£9.6%.

Sperm viability and plasma membrane integrity

The sperm viability among the rams varied
significantly (p<0.05) with a range of 79.7£3.6% to
94.7£1.0%. Ram #01, #02, #04, #05, #06, #10, #11, #12,
#13 and #15 had significantly higher (p<0.05) sperm
viability with a range of 92.8+2.4% to 94.7£1.0%,
whereas Ram #09 and #17 had significantly lower
(p<0.05) viability 80.0+2.8% and 79.7+3.6%. The
sperm plasma membrane integrity varied significantly
with a range of 71.244.4% to 88.5+£5.6%. Ram #01,
#02, #04, #05, #06, #10, #11, #12, #13 and #15 had
significantly higher (p<0.05) sperm plasma membrane
integrity with a range of 84.8+18.5% to 88.5+5.6%,
whereas Ram #9 and #17 had significantly lower
(p<0.05) sperm plasma membrane integrity 74.3+4.1%
and 72.1£5.4%.

Sperm morphology and acrosomal integrity

The normal sperm morphology varied significantly
(p<0.05) with a range of 72.8£3.9% to 86.4£2.0%.
Ram #01, #02 and #04 had significantly higher (p<0.05)
normal sperm morphology with a range of 86.1£1.4%
to 86.4+2.0%, whereas Ram #7, #8, #9 and #17 showed
significantly lower (p<0.05) normal sperm morphology
with a range of 72.843.9% to 77.3+2.9%. The acrosome
integrity varied significantly (p<0.05) with a range of
84.7+3.0% to 93.8+2.6%. Ram #01, #02, #04, #05, #06,
#10, #11, #12, #13 and #15 had significantly higher
acrosome integrity with a range of 91.2+1.5% to
93.842.6%, whereas Ram #09 and #17 showed significantly
lower (p<0.05) acrosome integrity 85.3+3.1% and
84.7+3.0%.
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Discussion

Subjective assessment of semen quality have
been employed to ensure the selection of superior
breeding rams for optimum herd productivity (Verstegen
et al., 2002; Madhuri et al., 2012). In the present study,
selected best Bangladeshi rams met the standard range
of seminal parameters that could be used for semen
production, preservation and Al program (Alvarez et al.,

2012; Roostaei-Ali Mehr et al., 2013).

Semen volume, color, pH and sperm concentration
Semen volume is one of the important factors in
semen evaluation and reproductive performance in
males (Ax et al., 2000). The semen volume in our study
was in agreement with Malama et al. (2013) who reported
0.59 to 0.99 ml. In contrast, Azizunnesa et al. (2013)
reported higher semen volume 1.05 to 1.6 ml in Bangladeshi
ram aged = 2 years. Some breeds like Suffolk, Walachian
and Sumava sheep produce 1.84+0.5, 1.6+0.6 and 1.9+0.7
ml semen, respectively (Hernandez et al., 2012). The
standard age of ram is 1.5 years or older to produce
normal ejaculatory volume 0.8 to 1.2 ml with a mean of
1 ml (Foote, 1974). The ejaculatory volume is also
affected by methods of semen collection. Semen
collection by electro ejaculation results in larger
ejaculate volume than artificial vagina. This might be
due to electrical stimulation on accessory glands that
provokes addition secretion of seminal plasma (Evans
and Maxwell, 1987). The semen volume decreased
(by 25-53%) with frequency and interval of collections
(Thwaites, 1995). The semen color in our study (milky to
creamy white) was consistent with Azizunnesa et al. (2013).
The normal color of semen is milky-white or pale cream
(Evans and Maxwell, 1987). Some rams can produce

yellowish semen color, which is normal and due to

presence of riboflavin pigment in the ejaculate. Color
may also an indicator of injury or infection in reproductive
tract. The presence of blood or pus flakes may indicate
affection in reproductive tract (Nabil et al., 2006). The
pH of semen in our study was within the range 6.9-7.2
reported by Al-Samarrae (2009). Good quality of semen is
always slightly acidic (Madhuri et al., 2012). The sperm
concentration in our study was comparable with Foote
(1978) and Khalifa et al. (2013) who reported 2000-3500
x 10° sperm/ml. However, our results disagree with Marti
et al. (2011) and Azizunnesa et al. (2014) who reported
4.8+1.8 to 5.4+1.9 x 10° sperm/ml. Normal concentration
of ram spermatozoa per ml varying from 1.6 x 10° to 6.0
x 10° sperm/ml with an average of 3.6 x 10° sperm/ml
(Moss et al., 1988) which suggested our findings
were within the normal range. The sperm concentration
increased with increasing age (Alexopoulos et al., 1991)
and decreased with successive frequent ejaculations by
19-55% (Thwaites, 1995; Kaya et al., 2002). Higher
the number of sperm/ml allow to produce higher number
of insemination doses ultimately create opportunity to
inseminate larger number of females to inseminate
(Robinson at al., 2006). The quality of semen is
influenced by age, body weight and size of the testicles.
The size of the testicles increases with advancement of
age (Toe et al., 2000). The body weight is more important
than age in determining testicular growth and development,

its influence on semen quality (Notter et al., 1985).

Mass activity and motility

The mass activity and motility of spermatozoa
provides strong evidence for sperm maturation. Sperm
motility is a fairly reliable indication of the sperm
viability (Grahman et al., 1980). The sperm mass activity

in our study was comparable with Azizunnesa et al.
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(2013) and Khalifa et al. (2013) who reported between
3 to 5 in 1-5 scale. However, some studies have
reported comparatively higher sperm mass activity
(FAO, 1991; Cunhaet al., 2012). Similarly, sperm motility
in our study was within the range to that of Khalifa
et al. (2013) and Azizunnesa et al. (2014) who reported
60-85%. The minimal value of sperm motility for the
ram is 60% (Garner and Hafez, 1982). The sperm mass
activity and motility is affected by frequency of semen
collection and nature of diet. The sperm motility decreases
by 19-36% with successive and frequent ejaculation
(Thwaites, 1995; Kaya et al., 2002). It is indicated that
there is decrease in sperm individual motility in feed
restricted rams which is due to low seminal plasma
fructose concentration and depressed actively of the

pituitary gland (Chandrasekhar et al., 1986).

Sperm viability and plasma membrane integrity

The sperm viability in our study was within the
range to that of Fernandez et al. (2004) and Malama et al.
(2013). The sperm plasma membrane integrity in our
study was comparable with Akourki et al. (2004) and
Juyena (2011) but disagree with Marti et al. (2012)
who reported 63.33 to 73.33% in different season. There is
increase chances of sperm membrane alterations and
increase percentage of dead and morphologically
abnormal spermatozoa (Alexopoulos et al., 1991) in poor
fed ram. The HOS test is used to evaluate the functional
integrity of the sperm membrane. Live spermatozoa with
normal membranes show swelling of the tail due to water
influx when exposed to hypo-osmotic conditions (Liu
and Baker, 1992). An intact sperm cell membrane reflects
semen fertility more closely than sperm motility (Perez

et al., 1998).

Sperm morphology and acrosomal integrity

The normal sperm morphology in our study was
comparable with Malama et al. (2013) who found 78.48%
normal spermatozoa. In contrast, Azizunnesa et al. (2014)
reported 86-98% which is higher than our study. Breeding
ram should have more than 70% morphologically normal
spermatozoa (Kasimanickam et al., 2007). The acrosome
integrity in our result was higher than Malama et al.
(2013) but lower than Akourki et al. (2004). Percentage of
morphologically normal spermatozoa was affected by
diet. Prolonged feeding of poor quality diets hinder the
function of the epididymis that results subnormal levels
of testosterone production and increase proportion of cell
abnormalities (David et al., 2007; Tufarelli et al., 2011).
Semen from most males contains some abnormal
spermatozoa. Sperm quality improves with age in the
adult ram (Wiemer and Ruttle, 1987). It has been
indicated that ejaculates from younger rams contains
a greater number of abnormal cells, which indicate
incomplete spermatogenic activity and incomplete
epididymal maturation (Colas, 1983). It also has been
demonstrated that specific ingredients in diet, such as
Vitamin E, may have a positive effect in increasing

semen quality and quantity (Yue, et al., 2010).

Conclusion
It was suggested that double the number of ram
may be initially introduced for semen evaluation to
select the best rams for semen production and breeding

program.
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