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Abstract  

Semen quality assessment is a prime prerequisite for any breeding programme. Computer-Assisted 

Sperm Analyzer (CASA) can measure the semen quality very accurately and sharply. The research was 

conducted at American Dairy Limited (ADL) at Vangnahati, Sreepur, Gazipur. A total of 120 ejaculates 

were collected from three genetic groups of bucks namely Black Bengal (BB), Boer and Jamunapari (JP) 

with a view to characterize and compare the semen motility and velocity parameters using Computer-

Assisted Sperm Analyser. Significantly (p<0.05) higher ejaculate volume was found in Boer buck 

(1.73±0.16 ml) with the lower in BB buck (0.98±0.14), respectively. But significantly (p<0.05) higher 

total, forward progressive and fast motility was found in BB (55.47±3.17, 47.23±2.74 and 

37.62±2.40%) and lower in JP (40.67±3.37, 30.97±2.91 and 21.81±2.55%), respectively. Significantly 

(p<0.01) fastest straight line and average path distance was observed in Boer bucks (12.29±1.63 and 

15.89±1.95 µm) than Black Bengal and Jamunapari bucks (4.38±1.19 and 7.26±1.57; and 3.14±1.27 

and 8.42±1.95 µm), respectively. The distance curved line (DCL) and distance straight line (DSL) was 

significantly (p<0.05) higher in Boer (29.13±4.87, 12.29±1.63 and 15.89±1.95 �m/sec) and lower in 

BB (22.07±4.36 and 7.26±1.57 �m/sec), respectively. In case of curvilinear velocity, straight line 

velocity and average path velocity value was significantly (p<0.01) higher in Boer (127.08±13.88, 

50.01±7.68 and 68.13±7.25 �m/sec) with lower in JP (62.01±12.77, 15.75±7.35 and 22.39±9.42) 

where as linearity and straightness was higher in Boer and lower in BB (p>0.05), respectively. The 

scrotal circumference had positive correlations with semen volume and curvilinear velocity for all the 

genotypes. It was concluded that semen of Boer bucks found consistently better than other two genetic 

groups of bucks. Further, competitive studies with large sample may be performed to evaluate the 

breed specific differences in available goat breeds. I think this study also disclosed the some rare 

parameters of semen quality by using Computer-Assisted Sperm Analyzer which was impossible in 

manually. These results of the present study could be an authentic guideline in future performance tests 

of different genetic groups of bucks. 
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Introduction 

In present scenario of population blast, food 

security is a major issue of concern in third world 

country like Bangladesh. Goat has been an 

integral component of animal husbandry system 

in Bangladesh and being a potent food source 

that has to be utilized to its maximum potential. 

The production of superior progeny will further 

intensify commercialized goat farming that will 

supplement food supply (Leboeuf et al., 2000) 

and meet the required amount of meat 120 g and 

milk 250 ml per head per day in Bangladesh 

(MoFL, 2013).  The genetic up gradation solely 

depends upon effective breeding policy required 

to develop and conserve superior genotype 

(Jabbar et al., 2010). This can be made possible 

through selection and mating of superior males 

and females (Bhatia and Arora, 2005). Since a 

male can only mate limited number of females 

makes natural breeding a limiting factor. Also the 

availability and identification of genetically 

superior animal in a geographical area is difficult 

tasks that can hinder/obstruct the success 

breeding program.  

To overcome these problems, use of assisted 

reproductive technology viz. artificial 

insemination (AI) is utilized, where semen 

obtained from a desired male with superior 

genotype is preserved and later utilized to 

inseminate multiple numbers of females, 

enhancing superior germplasm propagation 
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manifolds and also effectiveness of breeding 

programme with better progeny (Verma et al., 

2012). Use of insemination to upgrade and 

improve goats breed has an upper hand over rest 

of the techniques (Kifaro et al., 2007). Monitored 

insemination not only guarantees use of superior 

germplasm but helpful in regulating planned 

breeding. Prerequisite before utilizing semen for 

insemination or preservation is to evaluate 

quality in terms of ejaculate volume, 

concentration, viability, motility, and velocity. 

Motility is one of the important seminal attribute 

that determines timely transport of spermatozoa 

to site of fertilization and has high correlation 

with successful conception (Anand et al., 2016). 

Earlier, motility was evaluated in terms of mass 

motility and progressive motility through visual 

observations. But introduction of computer 

assisted semen analyzer has opened up new 

opportunity to not only evaluate motility patterns 

exhibited by spermatozoa but also different path 

velocities associated with spermatozoa 

movements that are helpful in determining 

semen quality. However, breed specific seminal 

motility pattern under Bangladeshi conditions in 

goats have not been documented. 

So, attempt was undertaken to evaluate semen 

quality in term of motility and path velocities in 

diluted semen for better evaluation, experiment 

was conducted to evaluate the motion 

characteristics and path velocities exhibited by 

spermatozoa in diluted semen of Black Bengal, 

Boer and Jamunapari buck. 

Materials and Methods 

Study area and period 

The present research was conducted at American 

Dairy Limited (ADL), Vangnahati, Sreepur, 

Gazipur with the close supervision of Department 

of Animal Breeding and Genetics, Bangladesh 

Agricultural University, Mymensingh. The financial 

support of this research was provided by the ADL 

during the period from January to May, 2017. 

Source and selection of breeding bucks 

A total of 20 Boer bucks were imported from 

Australia, 15 Jamunapari bucks from India and 10 

Black Bengal bucks from Department of Livestock 

Services (DLS), Bangladesh in 2016. Before 

selection of breeding bucks, morphometric 

characterization of the bucks was performed. A 

total of fifteen bucks were selected from three 

genetic groups viz. five Boer, five Jamunapari and 

five Black Bengal bucks based on their body 

weight, age, libido, scrotal circumference (SC), 

erection, mounting, protrusion of penis and 

thrust. The scrotum was inspected with respect to 

size, shape and free from skin disease. The trial 

bucks in this research were kept in intensive 

system and management was same for all 

genotypes of buck. All the genotypes of buck 

were ranged from 15 to 24 months of age. The 

body weights of BB bucks were 20 to 22 kg, for 

Boer bucks it was 57 to 61 kg and 60 to 65 kg for 

JP bucks, respectively. Scrotal circumference was 

measured in centimeters using measuring tape. 

Semen collection and dilution 

A total of 120 ejaculates were collected from 

three genetic groups (40 from each groups) using 

artificial vagina (AV) method. Immediately after 

collection, the samples were kept in a water bath 

at 37º C and evaluated volume (ml) was read 

from the graded collection vial. After the 

preliminary evaluations, ejaculates were 

subjected to the initial dilution with prewarmed 

(37º C) Tris-egg yolk extender. 

Motility and velocity evaluation 

The concentration of diluted semen, motility and 

velocity parameters were evaluated by 

Computer-Assisted Sperm Analyzer with Andro 

Vision AXIO, latest version 6.0.1 (Minitub 

GmbH12500, Germany). The software was set 

using the manufacturer’s recommendation, with a 

slight adjustment to allow the clear identification 

of spermatozoa. The software settings adjusted 

with the reading: temperature of analysis 37 ºC; 

frame rate (Frames/sec) 30; duration of data 

capture 15 sec.; minimum motile speed 

(microns/sec) 28; maximum burst speed 

(microns/sec) 600; Distance scale factor 

(microns/sec) 7.50; minimum and maximum cell 

size (pixels) 6; sperm count per field analysis 

>1000; minimum number of fields per sample 3. 

One small drop of Tris-buffer diluted semen was 

placed on a clean pre-warmed (37 ºC) slide and 

examined under Computer Assisted Microscope 

with cover slip at 20x zoom. Analysis was 

performed at least three new fields of each of 

slide.  

The following motility parameters such as total 

motility (TM) (%), forward progressive motility 

(FPM) (%), fast motility (%) and circular motility 

(%); distance parameters such as Distance 

Curved Line (DCL) (�m), Distance Average Path 

(DAP) (�m), Distance Straight Line (DSL) (�m), 

and  velocity parameters such as curvilinear 

velocity (VCL) (�m/sec), straight line velocity 

(VSL) (�m/sec), average path velocity (VAP) 

(�m/sec), linearity (LIN) (%), straightness (STR) 

(%), wobble (WOB) (%), radius ( RD) (�m/sec), 
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rotation (ROT) (�m/sec) and beat/cross-

frequency (BCF) (Hz) were measured by CASA 

analyzer.  

Statistical analysis 

The significant levels tested by least-squares 

analyses of variance using the Generalized Linear 

Model (GLM) procedure of the Statistical Analysis 

System (SAS) (SAS institute Inc., 2009) 

computer package, version 9.1.3 was used to find 

out the effects of genotypes of bucks on semen 

parameters. Duncan multiple range test (DMRT) 

was performed to separate mean values in case 

of significant factors.  

Results  

Scrotal circumference of different genetic 

groups of buck 

A descriptive statistics of scrotal circumference 

and body weight of three genetic groups of bucks 

is shown in Table 1. Among three different 

genetic groups of bucks, it was observed that left 

testes length of Boer bucks (19.66±0.91 cm) was 

significantly (p<0.01) higher than Jamunapri and 

Black Bengal bucks (15.84±0.91 and 10.60±0.91 

cm). The same sceneries were true for right 

testes length.The significantly (p<0.01) higher 

scrotal circumference was found in Boer and 

Jamunapri bucks (28.40±0.69 and 26.40±0.69) 

than Black Bengal bucks (21.00±0.59), 

respectively. 

Ejaculate volume, concentration and motility  

The ejaculate volume and sperm motility of 

different genetic groups of bucks is presented in 

Table 2. The significantly (p<0.05) highest 

ejaculate volume of semen was obtained in Boer 

bucks followed by Jamunapari bucks (1.73±0.16 

and 1.49±0.19) than Black Bengal bucks 

(0.98±0.14) (Table 2).The significantly (p<0.01) 

highest sperm count per field of diluted semen 

was found in Jamunapari and Boer bucks 

(971.60±54.30 and 918.14±58.33) while lower 

was in Black Bengal bucks (553.94±51.01). 

Similarly sperm concentration per field was 

obtained significantly (p<0.01) higher in 

Jamunapari and Boer bucks (0.158±0.01 X 109) 

and 0.149±0.01 X 109) than Black Bengal bucks 

(0.089±0.01 X 109). The least square mean value 

of total motility of diluted semen in Black Bengal 

and Boer bucks (55.47±3.17 and 52.27±3.62%) 

were significantly (p<0.01) higher than 

Jamunapari bucks (40.67±3.37%). The 

significantly (p<0.01) highest forward 

progressive motility was found in Black Bengal 

and Boer bucks (47.23±2.74 and 43.98±3.13%) 

while the lower value in Jamunapari bucks 

(30.97±2.91%), respectively.  

Distance, velocity and progression 

Analysis of distance parameters showed that 

significantly (p<0.01) fastest straight line and 

average path distance was observed in Boer 

bucks (12.29±1.63 and 15.89±1.95 µm) than 

Black Bengal and Jamunapari bucks (4.38±1.19 

and 7.26±1.57; and 3.14±1.27 and 8.42±1.95 

µm) (Table 3). In case of velocity parameters, 

the significantly (p<0.01) fastest curvilinear, 

straight line and average path velocity sperm was 

observed in Boer bucks (127.08±13.88, 

50.01±7.68 and 68.13±7.25 µm/s) while lower in 

Black Bengal and Jamunapari bucks 

(63.73±11.51, 16.38±6.17 and 24.26±5.83; 

62.01±12.77, 15.75±7.35 and 22.39±9.42 

µm/s). 

 

Table 1: Morphological characteristics of three genotypes of bucks 

Factor 

Genotype 
Level of 

Significance 
Black Bengal Boer Jamunapari 

LTL (cm) 10.60c±0.91 (5) 19.66a±0.91 (5) 15.84b±0.91 (5) ** 

RTL (cm) 10.54c±0.84 (5) 19.74a±0.84 (5) 15.66b±0.85 (5) ** 

SC (cm) 21.00b±0.59 (5) 28.40a±0.69 (5) 26.40a±0.69 (5) ** 

LTL= Left Testis Length, RTL= Right Testis Length, SC= Scrotal Circumference, Means with different 
superscripts within the same row differed significantly; ** = Significant at 1% (p<0.01) level of probability, 
Figures in the parentheses indicate the number of observation. 
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Table 2: Least square means along with standard error for motility parameters of three genotypes of 

bucks 

Parameter 

Genotype 
Level of 

Significance 
Black Bengal Boer Jamunapari 

Volume (ml) 0.98b±0.14 (40) 1.73a±0.16 (40) 1.49a±0.19 (40) * 

Sperm count per field 553.94b±51.01 (39) 918.14a±58.33 (38) 971.60a±54.30 (39) ** 

Concentration (109) 0.089b±0.01 (38) 0.149a±0.01 (38) 0.158a±0.01 (38) ** 

TM (%) 55.47a±3.17 (39) 52.27a±3.62 (38) 40.67b±3.37 (38) ** 

FPM (%) 47.23a±2.74 (39) 43.98a±3.13 (38) 30.97b±2.91 (38) ** 

FM (%) 37.62a±2.40 (39) 32.25a±2.74 (38) 21.81b±2.55 (38) * 

SM (%) 9.45±0.89 (39) 11.67±1.02 (38) 9.06±0.95 (38) NS 

LM (%) 8.23±1.83 (39) 8.27±2.10 (37) 9.69±1.95 (38) NS 

Imotility (%) 44.53b±3.17 (38) 47.73b±3.62 (37) 59.21a±3.37 (37) * 

CM (%) 0.16±0.04 (38) 0.05±0.04 (37) 0.08±0.05 (37) NS 

TM=Total Motility, FPM=Forward Progressive Motility, FM=fast motility, FM=Fast motility, SM=Slow motility, 
LM=Local motility, CM=Circular Motility; Means with different superscripts within the same row differed 
significantly; **= Significant at 1% (p<0.01) level of probability, *= Significant at 5% (p<0.05) level of 
probability, NS=Non-significant; Figures in the parentheses indicate the number of observation. 

Table 3: Least square means along with standard error for velocity parameters of three genetic groups 

of bucks 

Parameter 
Genotype Level of 

Signific
ance Black Bengal Boer Jamunapari 

Distance (µm) 

DCL 22.07±4.36 (39) 29.13±4.87 (38) 24.18±4.68 (39) NS 

DSL 4.38b±1.19 (39) 12.29a±1.63 (38) 3.14b±1.27 (39) ** 

DAP 7.26b±1.57 (39) 15.89a±1.95 (38) 8.42b±1.95 (39) ** 

Velocity (µm/s) 

VCL 63.73b±11.51 (38) 127.08a±13.88 (37) 62.01b±12.77 (38) ** 

VSL 16.38b±6.17 (38) 50.01a±7.68 (37) 15.75b±7.35 (38) ** 

VAP 24.26b±5.83 (38) 68.13a±7.25 (37) 22.39b±9.42 (38) ** 

RD  1.30b±0.30 (38) 2.94a±0.34 (37) 1.17b±0.32 (38) * 

ROT  0.09b±0.04 (38) 0.26a±0.05 (37) 0.02b±0.05 (38) * 

BCF (Hz) 7.69±1.77 (38) 9.38±2.03 (37) 5.69±1.89 (38) NS 

DCL=Distance Curved Line, DSL=Distance Straight Line, DAP=Distance Average Path, VCL=Curvilinear 
Velocity, VSL=Straight line Velocity, VAP=Average Path Velocity, RD=Radius, ROT=Rotation and BCF=Beat 
Cross-Frequency, LIN=Linearity, STR=Straightness, WOB=Wobble, **= Significant at 1% (p<0.01) level of 
probability, *= Significant at 5% (p<0.05) level of probability; NS=Non-significant; Figures in the parentheses 
indicate the number of observations. 
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Similarly significantly (p<0.05) highest radius 

and rotation value was observed in Boer bucks 

(2.94±0.34 and 0.26±0.05 µm/s) than Black 

Bengal and Jamunapari bucks (1.30±0.30 and 

0.09±0.04; and 1.17±0.32 and 0.02±0.05 

µm/s), respectively. But there was non -

significant (p>0.05) variation among the different 

genetic groups of bucks for beat cross-frequency. 

In sperm progression, there was no significant 

variation among the different genetic groups of 

bucks for linearity, straightness and wobble. 

Linearity (LIN %) percent that reflects linearity of 

the curvilinear trajectory and is ratio of 

(VSL/VCL) was recorded to be 25.53±5.71, 

36.00±6.53 and 28.20±1.07 % for Black Bengal, 

Boer and Jamunapari bucks, respectively (Table 

4). While straightness (STR%) that represents 

the straightness of average path is ratio of VSL to 

VAP was found to be 53.59±6.78, 71.64±8.43 

and 63.83±8.07 for Black Bengal, Boer and 

Jamunapari bucks, respectively.  

Relationship between scrotal circumferences 

and ejaculate volume 

Figure 1 represents a regression equation (y = 

0.096x - 1.071, y = 0.094x - 0.887 and y = 

0.108x - 1.378) and coefficient of determination 

(R² = 0.190, R² = 0.025 and R² = 0.022) 

between ejaculate volume and scrotal 

circumference of Black Bengal, Boer and 

Jamunapari bucks, respectively.  

Discussion 

Testicular circumference is an indirect 

measurement of the testicular mass. It is a major 

component in breeding soundness assessment, 

mainly because it is easy and reliable, and 

provides an indication of size and growth (Chacon 

et al., 1999). Keith et al. (2009) and Shamsuddin 

et al. (2000) showed values for scrotal 

circumference of Boer and Black Bengal bucks 

was 26.4 and 14.0 to 16.0 cm which is lower than 

the present result.  According to Dhar et al. 

(2010) and Zinat et al. (2013) reported scrotal 

circumference of Black Bengal bucks was 21.5 

and 20.00 cm which are almost similar to present 

findings. Raji et al. (2008) reported 23.17cm, 

while Adedeji and Gbadamosi (1999) reported 

22.6 cm for Red Sokoto bucks at 2 years of age. 

The variability may be due to breed difference, 

contemporary group level, age, weight and height 

of bucks (Bourdon and Brinks, 1986). It is 

evident that scrotal circumference has a positive 

correlation with the amount of sperm production 

Ejaculate volume, concentration and motility are 

considered an important parameter for the 

evaluation of fresh semen quality in bovines and 

other domestic species. Das et al. (2006), Suyadi 

(2012) and Kharche et al. (2013) reported semen 

volume which ranged from 0.16 to 0.51, 0.97 to 

1.07 and 0.54 ml in black Bengal, Boer and 

Jamunapari buck, respectively which is slightly 

lower than the values of the present study. 

Variation in semen volume reported by different 

researchers might be due to differences in 

genetics, reproductive health status of bucks, age 

of bucks, frequency of collection, pooled volume, 

nutrition, season and management (Soderquist et 

al., 1992). Variations can also be due to skill of 

semen collector and properly preparation of AV 

sets.  

Findings on sperm concentration in this study are 

not in agreement with the findings of Karim 

(2008) who reported sperm concentration of 

between 2.75±0.28 and 3.24±0.37 billion/ml in 

black Bengal buck; and Khan (1999) who 

reported the average sperm concentration of 

3777.93±142.76 million/ml, respectively. These 

are higher than the result of the present study. 

Leon et al. (1991) and Sharma et al. (1991) 

reported that sperm concentration might vary 

according to variation in age, breed, collection 

frequency, feeding regime and climatic condition.  

Table 4: Least square means along with standard error for progression parameters of three genetic 

groups of bucks 

Parameter 
Genotype 

Level of 
Significance 

Black Bengal Boer Jamunapari 

LIN (VSL/VCL)  25.53±5.71 (38) 36.00±6.53 (37) 28.20±1.07 (38) NS 

STR (VSL/VAP)  53.59±6.78 (38) 71.64±8.43 (37) 63.83±8.07 (38) NS 

WOB (VAP /VSL)  42.00±4.14 (38) 55.15±4.74 (37) 45.06±4.41 (38) NS 

LIN=Linearity, STR=Straightness, WOB=Wobble, NS=Non-significant; Figures in the parentheses indicate the 
number of observation. 
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Figure 1: The regression equation and coefficient 
of determination (R²) for scrotal 
circumference in a) Black Bengal 
bucks, b) Boer buck and c) Jamunapari 
Buck. 

 

According to Apu et al. (2012) and Afroz et al. 

(2008), the average sperm concentrations of 

buck semen were 2678.33±30.59 to 

2913.33±46.23 and 2434.00±52.81 to 

2853.00±90.12 million/ml, respectively. These 

are also higher than the present results. Das et 

al. (2006) and Mittal (1982) also reported higher 

values. Tekin and Daskin (2016) reported sperm 

motility 79.30% in Norduz goat semen after 

initial dilution which is higher than the present 

study. Anand and Yadav (2016) reported sperm 

motility in tris-glycerol diluted semen was 79.15, 

13.40, 56.10 and 9.70% for total, rapid, slow and 

non-progressive motility in Sirohi goat. VCL, VAP 

and VSL are considered to be the most important 

characteristics to parameters utilized to evaluate 

the kinematic characters and have a positive 

correlation the fertilizing ability of spermatozoa 

(Jobling et al., 2002). Higher values for these 

parameters exhibited by spermatozoa are 

indicative of better conception rate in farm 

animals. Kozdrowski et al. (2007) showed mean 

VAP, VSL and VCL in frozen goat semen was 

78.33, 68.46 and 129.20 µm/s, respectively. 

Anand and Yadav (2016) reported sperm velocity 

in tris-glycerol diluted semen was 96.75, 41.00, 

34.50 µm/s for VCL, VAP and VSL, 19.00 hz for 

BCF, respectively in Sirohi goat which is slightly 

lower than the present findings. While Dorado et 

al. (2009) and Anand et al. (2016) recorded 

higher values in Florida and Barbari bucks. 

Linearity is correlated to sperm in vitro migration 

efficiency, where spermatozoa presenting values 

of LIN > 50% showed better migration (Cox et 

al., 2006). Both linearity and ALH seem to be 

indicators of sperm hyperactivation (Pena et al., 

2000). Higher values of linearity percent is 

indicative of better capacity of spermatozoa to 

migrate through female reproductive tract and is 

indicative of timely transport of spermatozoa to 

the site of fertilization (Cox et al., 2006). The 

spermatozoa with higher values of LIN and STR 

of spermatozoa in semen sample may be thought 

to have better capacity to overcome barriers in 

reproductive tract and hence, better conception 

rate. Values recorded during study were lower 

than that reported in Florida bucks and Barbari 

(Dorado et al., 2007 and Anand et al. 2016). 

The coefficient of determination R² indicated that 

scrotal circumference accounts for 19% in Black 

Bengal bucks, 2% in Boer bucks and 2% in 

Jamunapari bucks in predicting ejaculate volume. 

The R² values obtained from the regression 

analysis of this study shows that scrotal 

circumference was reliable in predicting ejaculate 

volume. The variation could be attributed by the 

breed, plane of nutrition, management practices 

and variation in climatic conditions. 

Conclusion 

CASA system used in this study was first time in 

Bangladesh to evaluate the buck semen motility 

and velocity parameters. It was minimized time 

and labor. Out of three goat genotypes, Boer 

semen characteristics comparatively found better 

than others. Further, competitive studies with 

large sample may be performed to evaluate the 

breed specific differences in available goat breeds 

for better understand of spermatozoa kinematics 

and establishing correlation with different factors 

influencing motility and fertility rate which will be 

helpful in determining of conception rate in goat 

population throughout country 
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