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Abstract 
 
Accumulated five years data on 197 kids of 15 Black Bengal bucks in the nucleus breeding flock of Black Bengal 
goats were analyzed for the study of production traits. The traits considered were birth weight, weight at every 3-
month interval up to 12-month, semen characteristics and milk yield. Semen parameters were evaluated from 450 
ejaculates of 15 Black Bengal bucks collected twice a week by artificial vagina method and daily milk yield of Black 
Bengal goats were estimated from the analysis of 57 lactation records of 30 does. The significance of fixed effects 
sex of kid, parity, litter size, season, age, body weight and scrotal circumferance were analyzed using least-squares 
analyses of variance of the general linear model (GLM) procedure of the Statistical Analysis System (SAS, 1998).  
Least-squares means for body weights at birth, 3, 6, 9 and 12-month of age were 1.3, 4.8, 8.0, 11.1 and 14.0 kg, 
respectively. Body weights at 3, 6, 9 and 12-month of age except at birth were affected by the sex of kids (p<0.05). 
Type of birth and parity of dam had the significant affect (p<0.05) on birth weight, whereas season of birth had 
significant (p<0.05) effect on the body weight. The least-squares means of semen volume (ml/ejaculate), sperm 
concentration (109/ml), mass motility (%), live spermatozoa (%) and normal spermatozoa (%) were 0.5, 2.4, 80.0, 
86.5 and 89.3, respectively. Age of bucks had significant (p<0.01) affect on semen volume, sperm concentration. 
Body weight had a significant (p<0.05) effect on semen volume only. Least-squares mean of daily milk yield was 
379.9 lit.. Milk yields was significantly (p<0.01) affected by litter size and season of kidding. It is suggested that 
nongenetic factors should be adopted as a technique for improving the productive traits.  
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Introduction 
 
The goal of a livestock system including goats is to produce a quantity of quality products with maximum 
efficiency. A component in achieving this goal is to improve the goat genetically in the areas of quantity, 
quality and efficiency. Genetic improvement can be achieved by selection where effect of non genetic 
factors on productive traits is most important and should be considered at first. Knowledge about 
environmental factors on economic traits is essential for the production of goats that means it is possible 
to improve birth weight, body weight gain and milk yield of does, which in turn may cause to reduce kid 
mortality to the reasonable extent and increasing overall production potential (Husain, 2004). 
 
Therefore, the objective of this study was to examine the effects of different non genetic factors on the 
production performance of Black Bengal goats in Bangladesh. 
 
Materials and Methods 
 
Location 

The study was conducted in the nucleus breeding flock at the Artificial Insemination Center under the 
Department of Animal Breeding and Genetics, Bangladesh Agricultural University, Mymensingh with the 
financial support of the USDA project entitled “Conservation of Black Bengal Goat as the Potential 
Genetic Resource in Bangladesh” during the period from January, 2010 to June, 2012. 
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Animal Management  
Animals were managed and raised under confinement as an intensive system. They were housed in 
individual pens (4×2.5 sq.ft) in a galvanized iron sheet shed with a wooden slatted floor raised above the 
ground level. The house was provided with necessary arrangements for feeding and watering and for 
sufficient access to fresh air. Semen was collected by Artificial Vagina method and semen was frozen by 
reducing temperature gradually (Hussain, 2004).  The bucks used in this experiment were kept under 
zero grazing management and stall fed twice daily on a diet consisting of Napier, German and/or Maize 
fodder ad labium. The feed was supplemented with commercial (Surma Feed, BRAC Feed Mill, Sreepur, 
Gazipur) pellet in two meals twice in a day @ 100gm/ buck. They were allowed for grazing and exercise 
for 1 to 2 hours daily. The breeding bucks were supplied germinated gram (20gm/buck/day). Clean and 
safe water was made available at all the time. Throughout this study, almost identical ration was provided 
for each of the bucks. All bucks were vaccinated against Peste des Petits Ruminants (PPR) and 
dewormed routinely. The animals were identified with neckband tags. The identities of newborns and their 
parents, date of birth, sex of kid, type of birth and parity of dam were recorded. For each individual a 
record sheet with full details of each parameter along with pedigree information were maintained. New-
born kids were allowed to suckle their mothers and were left with them up to 3 months of age. Kids were 
weaned at three month of age. Following weaning, kids were offered 50-100 g/head/day of the same 
commercial concentrate. All the female kids were kept in shed with their dams, but males over 3 months 
of age were housed separately in individual pen (4×2.5 sq.ft) to avoid uncontrolled breeding. No 
castration was performed on the male kids. 
 
Data collection 
A total of 197 Black Bengal progeny of 15 Black Bengal Bucks of were 19 to 34 months in age. The bucks 
were between. The body weight and scrotal circumference (SC) of bucks were 19.0 to 25.0 kg and 17.0 
to 22.0 cm respectively. Data on body weights and semen characteristics of individual animals were 
recorded at a regular basis (Mia, 1997). The milk yield were recorded fortnightly. 
 
Traits analyzed  

The traits analyzed were growth traits (birth, 3, 6, 9 and 12-month body weight), semen characteristics 
(semen volume, sperm concentration, mass motility, sperm livability and normal spermatozoa) and milk 
yield of progeny. 
 
Statistical analysis 

The significance of fixed effects was tested conducting least-squares analyses of variance using the 
general linear model (GLM) procedure of the Statistical Analysis System (SAS, 1998) according to the 
following liner model:  
 
For growth performance: Yijklm = µ + Si +Mj + Rk + Tl + Eijklm 
 
where Yijklm is the body weight at different ages (individual animal record for the trait), µ is the overall 
mean, Si is the fixed effect of ith sex of kid, Mj is the fixed effect of jth type of birth, Rk is the effect of kth 
parity of dam, Tl is the effect of lth season of birth and Eijklm is the residual error. Sex of kid was grouped 
into male and female. The year was divided into three seasons; winter (November to February), summer 
(March to June) and rainy (July to October). Number of kid born was grouped into single, twins and 
triplets. Parity of dam was grouped into first, second, third and fourth parities.  
 
For semen characteristics: Yijklm = µ + Si +Mj + Rk + Eijklm 
 
Where Yijklm is the semen characteristics, µ is the overall mean, Si is the fixed effect of ith age, Mj is the 
fixed effect of the jth body weight, Rk is the effect of kth scrotal circumference and Eijklm is the residual error. 
Age of bucks was grouped into classes of 7-9 and >9-12 months. Body weight of bucks was grouped into 
classes of 10-15 and >15-20 and kg. Scrotal circumference of bucks ranges from 16-20 cm.  
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For milk yield: Yijk = µ + Si +Mj + Eijk 
 
Where Yijk is the dependent variable, µ is the overall mean, Si is the fixed effect of ith season of kidding, Mj 
is the fixed effect of the jth litter size and Eijk is the residual error. The year was divided into three seasons; 
winter (November to February), summer (March to June) and rainy (July to October). The significant 
means were separated using the Duncan’s multiple range test.  
 
Results and Discussion 
 
Growth performance 
Least-squares means with standard errors of Black Bengal progeny’s growth performance were affected 
by various factors (Table 1). The male kids were heavier than females from birth to 12-month of age, and 
the differences between the two sexes were significant at all ages except at birth. Sex had a significant 
effect on growth at weaning to until growing adult. This was in conformity with the reports of Husain et al. 
(1996) and Akhter et al. (2000) who reported that due to hormonal and environmental causes male kids 
were heavier than female. Consistent superiority of male lambs has been widely reported (Matika et al., 
2003). Singh (1997) reported significant effect of sex on body weights at 3, 6, 9 and 12-month of age. 
Husain et al. (1996) observed significant effect of sex on body weights at birth, 3, 6, 9 and 12 months of 
age of Black Bengal goat under extensive system. On the other hand Figueiredo et al. (1982) and Khan 
and Sahni (1983) did not find differences between the sexes for birth weight in goats. In this study, males 
were significantly heavier and grew faster from weaning onward, implying that sex effects are more 
pronounced with age after puberty. These have been attributed to hormonal differences between sexes 
and their resultant effects on growth. The effect of number of kids born was significant (p<0.01) on the 
body weight at birth only. Single-born kids had a heavier weight at birth than multiple kidding, whilst no 
significant differences were found between twin and triplet kids. These results agree with the results of 
Husain et al. (1996) and Akhter et al. (2000). Single-born kids were 1.8% heavier at birth compared to 
average weight of kids born as twins and 44.1% more heavily than those born as triplet. The lower birth 
weight with increasing litter size have been reported by Wilson (1958) and Mia and Bhuiyan, (1997). 
Mukundan et al. (1982) has shown that much of the variation in birth weight was associated with type of 
birth where single kids were heavier than multiple born kids. Lower body weights in triplets till weaning 
might be due to less nutrition to their kids during prenatal and suckling period. 
 
On contrary, Mittal (1979) did not find a significant effect of number of birth on birth weights although 
single kid heavier than those born in multiple births. Singh et al. (1990) noticed that birth weight of single 
born kids was highest followed by twins and triplets but the difference study were not significant in the 
local and crossbred kids. 
 
This difference is probably due to the intrauterine environment where a higher availability of nutrients to 
the single kid, lack of competition as well as more space may facilitate growth. The uterine space and 
available nutrient shared by more than one kid may be responsible for the reduced birth weight with 
increasing litter size. 
 
Parity of dam significantly (p<0.05) influenced birth weight only. Birth weight increased with parity. 
Significantly highest birth weight was observed in 4th parity (1.5 ±0.1) and lowest in 1st parity (1.1 ±0.1). 
The difference in birth weight between 1st and 2nd parity was not significant. 
 
Parity of dam significantly (p<0.05) influenced birth weight only. Significantly highest birth weight was in 
4th parity (1.5 ±0.1) and lowest in 1st parity (1.1 ±0.1) (Table 1). Wilson (1958) found that the effect of age 
of dam was significant on birth weight and growth rate at pre-weaning and those young ewes that has the 
tendency to produce smaller progenies at birth. 
 
Husain et al. (1996) observed no significant effect of parity of dam on body weights at birth, 3, 6, 9 and 
12-month of age of Black Bengal goat under extensive system.The effect of parity of dam on kids is thus 
imparted as maternal influence whose direct influence is limited to the nursing period. At  different  stages  



 

82 Effect of non genetic factors on productive traits of Black Bengal goats 

 
of growth the variation in body weights due to season of birth was significant (p<0.05). Winter born kids 
were significantly heavier at birth to 12 months of age than other seasons. At different stages of growth 
the variation in body weights (BW) due to season of birth was significant (p<0.05) (Table 1). The effect of 
season may be explained partly by the climatic conditions, hence, feeding practices in different seasons 
for dams and offspring were similar. Important influence of season on kid live weights have been reported 
in several breeds (Warmington and Kirton, 1990; Hermiz et al., 1997). But Singh (1997) observed 
significant effect of season of birth on body weights at 3 and 6-month of age whereas no significant effect 
at 9 and 12-month of age in Boar goats. Season of birth plays an important role in growth performance 
indirectly through its influence on the dam's nutrition and hence amount of milk available to the unweaned 
kids. In the post-weaning period its influence is related to its effect on the quality and quantity of pasture 
available to the weaned kids. The lower body weights of rainy season born kids emphasized the need to 
provide supplementary feed and adequate management for these kids. 
 
Table 1. Progeny growth performance of Black Bengal bucks (Least-squares means with standard 

errors)  
 

Body weights (kg) at Factors 
Birth 3-month 6-month 9-month 12-month 

Sex of kid NS * * * ** 
Male 1.3±0.1 5.2 a ±0.6 8. 9a ±0.8 13.2a ±0.6 17.9a ±0.7 

Female 1.2±0.1 4.5b ±0.6 8.1b ±0.8 10.1b ±0.5 12.1b ±0.5 
Type of birth ** NS NS NS NS 

Single 1.4a ±0.1 5.5±0.5 8.6±0.5 12.7±0.7 16.5±0.5 
Twins 1.3b ±0.1 5.3±0.4 7.7±0.4 11.1 ±0.1 13.3±0.7 

Triplets 1.1c ±0.1 4.6±1.5 7.6±1.1 9.9±1.3 12.1±1.3 
Parity of dam * NS NS NS NS 

1st 1.1c ±0.1 4.4± 0.5 7.7±0.7 11.5±0.6 14.8±1.5 
2nd 1.1c ±0.1 5.6± 0.6 8.5±0.9 11.2±1.2 13.6±1.0 
3rd 1.3b ±0.1 5.7±0.7 8.1±1.0 10.6±1.3 12.1±1.5 

4th 1.5a ±0.1 6.9±0.2 8.5±0.2 10.8±1.8 12.62±1.93 
Season of birth * * * * * 

Winter 1.3a ±0.1 5.44a ±0.62 8.5a ±0.7 12.7a ±0.6 15.49a ±0.7 
Summer 1.3b ±0.1 5.32a ±0.63 8.1a ±0.8 10.1b ±0.5 12.3b ±0.6 

Rainy 1.217c ±0.057 3.64b ±0.94 5.70b ±1.24 9.69b ±0.32 14.49a ±0.31 
 

Means with different superscripts in the same column differ significantly. Where, *(p<0.05); ** (p<0.01) and NS, Not 
significant 
 
Semen characteristics 
The effect of age, body weight and scrotal circumference on semen parameters are set out in Table 2. 
 
All the parameters except mass motility were affected by age. Volume of semen and sperm concentration 
were increased significantly (p<0.01) with age, however, percentage of live spermatozoa decreased 
significantly (p<0.05) with age. The percentage of normal spermatozoa was increased significantly 
(p<0.05) with age.  
 
Body weight had a significant (p<0.01) effect on semen volume but no significant effect on other semen 
parameters. 
 
Scrotal circumference significantly influenced (p<0.05) all the semen characteristics investigated in the 
Black Bengal bucks. Semen volume and sperm concentration increased linearly with scrotal 
circumference. Highest semen volume (0.6ml) was recorded at the scrotal circumference of 20 cm and 
lowest (0.4) at 16 cm. The highest sperm concentration (2.4 ×109 cells/ml) was at the scrotal 
circumference of 20cm and the lowest (2.2 ×109 cells/ml) in 17 cm. 
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Table 2. Progeny semen characteristics of Black Bengal bucks (Least squares means with 

standard errors)  
 

Factors Semen 
volume (ml) 

Sperm 
concentration 

(million/ml) 

Mass 
motility (%) 

Sperm 
livability (%) 

Normal 
sperm (%) 

Age (months) ** ** NS * * 
7-9 0.4c ±0.1 2.3b  ±0.1 78. 7±0.1 88.0a ±0.8 87.20a±0.66 

>9-12 0.54b ±0.0 2.6b  ±0.0 79.6±0.3 85.2ab±0.6 89.20a  ±0.44 
Body Weight (kg) ** NS NS NS NS 

10-15 0.40c  ±0.0 2.5±0.1 80.1 ±0.7 87.3±0.9 89.98±0.66 

>15-20 0.45b ±0.0 2.6±0.2 79.7 ±0.6 87.0±0.8 89.67±0.67 
Scrotal 

circumference(cm) 
** ** ** * * 

16 0.39c  ±0.1 2.3c  ±0.4 81.1abc±1.7 89.2a  ±3.3 87.5b  ±2.8 
17 0.44c  ±0.0 2.2c  ±0.1 80.6abc±0.8 85.2ab±1.4 90.1ab  ±0.9 
18 0.48c  ±0.0 2.3c  ±0.1 79.4bc ±0.6 83.8b ±0.1 88.1ab  ±0.7 
29 0.46c  ±0.0 2.5bc  ±0.1 81.7ab ±0.7 86.8ab±1.0 90.3ab  ±0.7 
20 0.57b±0.0 2.4bc  ±0.1 78.8c±0.9 86.1ab±1.5 91.1a  ±0.9 

 

Means with different superscripts in the same column differ significantly 
Where, *(p<0.05); ** (p<0.01) and NS, Not significant 
 
Ejaculate volume and sperm concentration increased with age which is in agreement with the findings of 
Al-Ghalban et al. (2004) and Salhab et al. (2003). The results agrees with those of Alberio (1976) and 
Analla et al. (1996), in France sperm concentration increased with the age of lambs, but not with those of 
Mandiki et al. (1998), who reported that sperm concentration is not affected by the age of lambs. 
 
The percentage of live sperm and normal sperm was affected by age. Osinowo et al. (1988) found no 
significant differences in percentage between yearlings and mature rams. The occurrence of abnormal 
sperm head shapes is reportedly higher at younger and older ages than at around the age of sexual 
maturity (Barth and Oko, 1989; Amann et al., 2000). 
 
In contrast, no differences in terms of major and total sperm defects due to age were reported in bulls 
(Rodriguez, 2003). Similarly, increased age did not affect sperm abnormalities in bucks in Ethiopia (Roca 
et al., 1992). 
 
Mature bucks were heavier, with a larger scrotal circumference, semen volume, sperm concentration and 
the percentage of abnormal sperm were recorded when compared to the yearling bucks. 
Body weight had a significant effect on semen volume. Other semen parameters are not affected by body 
weight (Table 2). The result is in agreement with the findings of Salhab et al. (2003). 
 
Scrotal circumference significantly influenced (p<0.05) all the semen characteristics investigated in the 
Black Bengal bucks (Table 2). The SC is an important trait that is closely associated with the testicular 
growth and sperm production capacity of domestic animals. Thus, selecting males based on their SC 
would result in larger testes, potentially with the capacity to produce more spermatozoa (Daudu, 1984). 
Being a highly heritable component of fertility, it is important to include SC when evaluating breeding 
animals (Bailey et al., 1996). The higher SC measurements indicate higher testicular mass and larger 
sperm production (Furstoss,  et al., 2009). 
 
If the scrotal circumference is increased, then semen volume, sperm concentration and even all other 
semen parameter will be increased. So scrotal circumference is an important factor for buck selection. 
 
Milk yield  

Least squares means and standard errors for Test Day Milk Yield (TDMY) of progeny are shown in   
Table 3. TDMY was significantly (P<0.01) influenced by the factors litter size and seasons. 
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Table 3. Progeny milk yield of Black Bengal goats (Least squares means with standard errors)   
 

Factors Test Day Milk Yield (g) 
Litter size ** 

1 308.2b ±25.9 
2 470.0a ±62.0 

Season ** 
Winter 386.3b ±42.2 

Summer 315.6c ±29.6 
Rainy 419.5a ±71.5 

 

             Means with different superscripts in the same column differ significantly 
             Where, ** (p<0.01)  
 
Milk yields was significantly (p<0.01) affected by litter size. Milk yields were 308.2±25.9 and 470.0±62.0 g 
for the single and multiple litter size, respectively.  
 
Milk yields was significantly (p<0.01) affected by season of kidding. Goats kidded in rainy being the 
highest yielder (430.0±69.3 g), followed by goats that kidded in winter (406.6±32.3 g), while the lowest 
yield (326.6±26.8 g) was recorded by goats kidded in summer. 
 
Litter size significantly affected (p<0.05) milk yield of daughters and are in agreement with the findings of 
Valencia et al. (2002). Mourad (1993) and Zygoyiannis and Katsaounis (1986) observed that litter size is 
affected only on milk yield of goats until weaning. Goats with twins produced more milk than goats with 
singles. Similar results were found in Zaraibi goats in Egypt (Hamed et al., 2009).This agrees with the 
findings of Baro et al. (1994) and Carriedo et al. (1995), who reported that multiple births in Latxa and 
Churra ewes resulted in higher milk yields than single births. 
 
Multiple kidded dams were superior in milk yield compared to single kidded dams due to the stimulus 
provided by the suckling kids that increases production. 
 
TDMY was significantly (P<0.01) affected by season of kidding 3. The present result was in agreement 
with the findings of Montaldo et al. (1982), Mukundan et al. (1983) and Valencia et al. (2002). Kala and 
Prakash (1990) found that season of kidding accounted for variation of milk yield in two Indian goat 
breeds. 
 
The present result does not agree with the findings of Parkash and Khanna, (2005), Carriedo et al. 
(1995), and El-Arian et al. (2008) in different tropical and temperate breeds. Kennedy et al. (1981) studied 
effects of some factors on milk yield of Alpine, Saanen and Toggenburg and concluded that month of 
kidding affect milk yield of dams. Also, Iloeje et al. (1980) reported that does kidding from January to 
March produced more milk than those kidding from April to July. 
 
Conclusion 
 
This study has shown the importance of some non-genetic factors including parity, sex of kid, litter size 
and season for growth performance, litter size and season of kidding on daily milk yield and age, body 
weight, scrotal circumference for semen characteristics which could be accounted for genetic evaluations. 
The non-genetic effects were very important to the growth, milk yield and semen characteristics, which 
need to be controlled or adjusted when comparing animals’ individual productivity. These results therefore 
provide an important perspective on the selection objectives of Black Bengal goats by considering 
different environmental factors. In fact the evaluation of productive traits is generally aimed at increasing 
meat, milk and progeny in Black Bengal goats. 
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