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     ABSTRACT 

The aim of the study was to trace the development of some morphological characteristics of puberty and 

their development up to the 44th week as well as the relationships between them, to find the best subjects 

based on the phenotype. 

Weaning weight was measured as well as their weight once a month until the 44th week. 

Measuring the circumference of the scrotum of experimental young bucks was performed weekly from 

weaning to 44 weeks of age. Monitoring of the release of the penis from the foreskin was performed 

weekly from weaning until the time of its full release. The average value of the circumference of the 

scrotum increased from the 12th week to the 39th week in total for all animals (from 15.8 to 28.4 cm), as 

well as by breed (BWD - 16.5 to 31 cm ), (Togenburg - 15.5 to 28.5 cm) and (Anglo-Nubian 15.8 to 26.1 

cm) (p> 0.05). The variation of the trait was low throughout the study period. 

The earliest complete release of the penis in our study was observed in the male kids BWD breed -16 

weeks. Togenburg kids reached full release at - 18 weeks. In AN kids, the release was at -24 weeks. The 

correlation coefficient showed a very strong reliable positive relationship between the studied factors in 

all three studied breeds. Testicular size and body weight could be used as a determining factor in the 

selection of prepubertal male kids. 
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INTRODUCTION 

Goat farming is an industry that has become of 

growing interest to farmers worldwide in 

recent years. The growing demand for 

delicatessen, dietary and ecologically clean 

goat milk products create better prospects for 

the realization of the products from the goat 

farms.  
 

Along with milk production, one of the main 

factors that determine the economic efficiency 

of goat farms is their reproductive capacity. 

Determining the age at which sexual maturity 

of male breeders occurs is of paramount 

importance for the optimal use of their 

potential (1). In order to reach its full 

reproductive potential, the animal must reach 

sexual maturity - it shows sexual instinct, 

mating ability and semen quality (2). Puberty 

________________________ 
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is characterized by the onset of reproductive 

activity. It is crucial in the early selection of 

animals for breeding and the aim is to be able 

to use them for a longer period of time, as well 

as for the organization of work on the farm. (3, 

2, 4). 
 

Tracking the growth and development of the 

male breeder by the change of the parameters 

of the exterior allows breeders to distinguish 

early maturing individuals (5). According to 

them, the exact age of the start of puberty can 

be postponed until the animals reach a certain 

body size. Birth weight, weaning weight, 

scrotal circumference, separation of the penis 

from the foreskin, and semen characteristics 

are important indicators of puberty in goats (6, 

7). Also, the body weight gives an idea of the 

development of the kids as well as their needed 

ration and evaluation of the animal at a certain 

age, etc. (8). The scrotal circumference is an 

indicator that indirectly determines the size of 

the testicles. According to (4) regardless of 
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breed and latitude, the testicular growth of 

bucks is closely related to live weight and age 

of bucks. (9) Mention that bucks that have a 

naturally high libido can be selected for 

breeding based on the measurement of the 

scrotal circumference. 

 

Male breeding animals can be easily evaluated 

in field conditions, taking into account their 

physical condition, an examination of the 

external genitalia, their ability to mate and 

their sperm production (10).  

 

The Bulgarian White Dairy Goat breed is the 

main dairy breed bred in Bulgaria. Despite its 

importance for goat breeding, there is not 

enough data in the literature characterizing the 

morphological and physiological changes 

occurring at the beginning of puberty in this 

breed, as well as in the Togenburg and Anglo-

Nubian breeds in our country. 

 

The aim of the study was to trace the 

development of some morphological 

characteristics of puberty and their 

development up to the 44th week as well as the 

relationships between them, to find the best 

subjects based on the phenotype. 

 

MATERIALS AND METHODS  

The study was conducted in the goat farm of 

the Research Institute of Mountain 

Stockbreeding and Agriculture in Troyan, 

Bulgaria during the period - February 2019 to 

February 2020. For this purpose, 12 clinically 

healthy male animals (4 from the Bulgarian 

White Dairy breed, 4 from the Togenburg and 

4 Anglo-Nubian breeds), equal in age and live 

weight, were studied. Immediately after birth, 

the kids were weighed with an electronic scale. 

Weaning weight was measured as well as their 

weight once a month until the 44th week. Age 

was determined by records in the studbooks. 

 

Until the third day after birth, the kids were 

raised with their mother in individual boxes, 

where colostrum was able to be suckled freely 

around the clock. On the fourth day, they were 

separated from the mother and placed in group 

boxes of 10 kids where they were fed with 

goat's milk with buckets with five pacifiers. 

After the 25th day, good quality meadow and 

alfalfa hay was given to the kids. Later, they 

became accustomed to eating a concentrated 

mixture. After weaning, the animals were fed 

ground alfalfa hay and a concentrated mixture. 

The kids had free access to drinking water. All 

veterinary measures have been taken. 

 

Scrotal circumference - measuring the 

circumference of the scrotum of experimental 

young bucks was performed weekly from 

weaning to 44 weeks of age with a measuring 

tape (cm). To measure the scrotal 

circumference, the testicles were pushed into 

the bottom of the scrotum, with the fingers 

placed on the side of the cervix of the scrotum 

and pushed out ventrally. The tape formed a 

contour and slid along the scrotum, and the 

circumference was measured by pulling the 

tape tightly around its largest diameter (11). 

 

Separation of the penis from the foreskin - 

monitoring of the release of the penis from the 

foreskin was performed weekly from weaning 

until the time of its full release. The release 

was rated on a scale of 1 to 5 (12) as the 

animals were placed in a sitting position, the 

foreskin was pulled down to reveal the penis: 

(1) it is an infantile condition, (2) a free 

urethral process, (3) free tip of the glans penis, 

(4) free to bottom of the glans penis or slightly 

below and (5) adult condition. 

 

One-way ANOVA was used for statistical 

comparison. Relationships between 

investigation the parameters of male kids were 

determined with Pearson correlation analysis. 

 

RESULTS AND DISCUSSIONS  

The results (Figure 1) revealed that the 

average value of the circumference of the 

scrotum increased from the 12th week to the 

39th week in total for all animals (from 15.8 to 

28.4 cm), as well as by breed (Bulgarian White 

Dairy - 16.5 to 31 cm), (Togenburg - 15.5 to 

28.5 cm) and (Anglo-Nubian 15.8 to 26.1 cm) 

(p> 0.05). After this period the values 

remained constant with slight variations in the 

breed Bulgarian White Dairy. The variation of 

the trait was low throughout the study period 

(Table 1). 
 

What impressed us was that there were 

alternating periods of significant growth and 

stability. This coincides with the results 

obtained by (4) in Anglo-Nubian bucks aged 

12 to 44 weeks, and by (13) in native Brazilian 

goats. 
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Figure 1. Value of the circumference of the scrotum 

 

Table 1. Minimum and maximum values and coefficient of variation for scrotum circumference of all 

studied animals at different ages, n=12. 

Age, 

weeks 

CV% min max 

12 11,00% 12,50 19,50 

13 13,32% 13,00 21,00 

14 10,96% 15,50 23,50 

15 11,92% 16,00 24,00 

16 10,50% 17,00 25,00 

17 9,74% 18,00 25,50 

18 10,92% 19,00 28,50 

19 8,39% 20,00 27,00 

20 9,01% 20,50 27,00 

21 6,97% 21,00 26,50 

23 7,59% 22,00 28,50 

25 6,80% 22,50 29,00 

27 7,25% 22,50 28,50 

29 6,03% 24,00 29,00 

31 5,60% 25,00 29,50 

35 7,89% 24,50 31,00 

37 9,12% 25,00 33,00 

39 8,88% 25,50 32,00 

40 8,79% 23,50 30,50 

42 6,55% 23,50 29,50 

44 9,14% 22,00 30,50 
 

 
Figure 2. Measuring of scrotal diameter. 
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Figure 3. Monitoring the release of the penis from the foreskin 

 
Table 2 presents the age, live weight and 

circumference of the scrotum according to the 

development of the penis 

 
Table 2. Age, live weight and circumference of the scrotum according to the development of the penis. 

 Bulgarian White Dairy, n=4 Togenburg, n=4 Anglo-Nubian, n=4 

 age 

weeks 

weight kg scrotal 

circumference 

 sm 

age 

weeks 

weight kg Scrotal 

circumference 

sm 

age 

week

s 

weight kg scrotal 

circumference 

sm 

1 10 22,13±0,47  10 19,75±0,83  10 18,85±1,66  

2 13 23,1±0,32 16,17±0,44 13 20,6±0,69 15,58±0,58 15 22,68±1,2 15,5±1,89 

3 14 24,17±0,35 16,33±0,44 15 22,68±1,2 15,88±0,52 20 25,9±1,73 21,75±1,56 

4 15 26,40±0,51 18,17±0,93 17 24,23±1,32 17,75±0,43 22 30,8±0,81 22,13±0,77 

5 16 27,9±1,12 19,4±1,3 18 25,9±1,73 18,5±1,04 24 32,25±0,85 24,38±0,8 

 
According to (13) testicular hormones affect 

the separation of the penis from the foreskin. 

Many studies in the available literature 

consider the age of separation of the foreskin 

from the penis as the age of puberty. 
 

The earliest complete release of the penis in 

our study was observed in the male kids 

Bulgarian White Dairy breed -16 weeks, which 

coincides with the beginning of the first period 

of stability in the size of the circumference of 

the scrotum. Togenburg kids reached full 

release at - 18 weeks and with them this period 

coincides with a period of stability in testicular 

growth. In Anglo-Nubians kids, the release 

was at -24 weeks at which the live weight and 

diameter of the scrotum were at their highest. 

Unlike the other two breeds, the complete 

release of the penis from the foreskin in Anglo-

Nubian kids coincides with the second period 

of stability in testicular growth. Our studies 

confirmed the findings of (14) in young male 

kids of the Anglo-Nubian breed that the 

separation of the penis from the foreskin 

begins slightly at 10-12 weeks of age, which is 

preceded by a peak in testosterone levels. The 

second peak in the level of the steroid is 

followed by its complete release, which takes 

place between the ages of 22 and 24 weeks.An 

earlier complete release of the penis from the 

foreskin was reported by (15) in crossbred 

young male kids (Anglo-Nubian x Saanen - 

16.3 weeks) and (4) in Anglo-Nubian young 

male kids (102 days). 

 
Birth and weaning weight is an indicator that 

can serve as a guide in the selection of 

breeders. Factors such as breed, age, individual 

characteristics, productive direction, nutrition, 

season, etc. may affect changes in live weight. 

The change in weight of male kids from birth 

to 44 weeks is shown in Figure 4. Their diet 

and the conditions under which the 

experimental animals were kept were the same. 

In this way, we reject nutrition as a factor 

influencing the change in weight of individuals 

in the experimental groups. It can be seen that 

the weight of the kids increases within the 

breed with increasing age.  
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Figure 4. Weight change by breed during the study period. 

 
In the period after weaning, there was slight 

retention in all three studied breeds, which in 

our opinion is due to the stress of moving 

animals and the formation of different groups. 

In crossbred young bucks (Anglo-Nubian x 

Saanen) (15) found values close to ours: 

average birth weight - 3.80 ± 0.14 kg, average 

live weight at weaning - 14.4 ± 0.73 kg, and 

average weight at puberty (7.5 months) - 22.38 

± 0.94 kg. 

 
Table 3. Pearson correlation coefficient between morphological characteristics according to kids 

breeds 

 

stages of release 

of the penis from 

the foreskin 

age, 

weeks 

weight 

kg 

scrotal 

circumference 

sm. 

Bulgarian White Dairy, n=4     

stages of release of the penis from the 

foreskin 1 

   age, weeks 0,962*** 1 

  weight kg 0,988*** 0,917** 1 

 scrotal circumference sm 0,926** 0,811* 0,972*** 1 

Togenburg, n=4     

stages of release of the penis from the 

foreskin 1 

   age, weeks 0,985*** 1 

  weight kg 0,994*** 0,968*** 1 

 scrotal circumference sm 0,965*** 0,958*** 0,950** 1 

Anglo-Nubian, n=4     

stages of release of the penis from the 

foreskin 1 

   age, weeks 0,975*** 1 

  weight kg 0,991*** 0,977*** 1 

 scrotal circumference sm 0,948** 0,958*** 0,935** 1 
*P<0.05,**P<0.01, ***P<0.001 

 
The correlation coefficient showed a very 

strong reliable positive relationship between 

the studied factors in all three studied breeds 

(Table 3). The stages of release of the penis 

from the foreskin were positively correlated 

with increasing age, live weight and 

circumference of the scrotum. The scrotal 

circumference was also positively affected by 

age and weight. Our findings coincided with 

the research of (4) in Anglo-Nubian bucks as 
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they observed a high positive relationship (r = 

0.94) between live weight and scrotal 

circumference. The results obtained were 

confirmed by (16) in White Borno young 

bucks (r = 0.82) and (17) in bucks of the Boer 

breed (r = 0.78) as the mentioned researchers 

have worked at different latitudes. (7) 

Reported similar results for the correlation 

between live weight and scrotal circumference 

in Boer bucks born during the dry (r = 0.93) 

and rainy seasons (r = 0.88). (18) Also reported 

that in the study of Savanah brown bucks, the 

size of the scrotal circumference was 

influenced by age and live weight. When (4) 

analyzed comprehensively these findings, they 

conclude that regardless of breed and latitude, 

testicular growth was closely related to live 

weight and age of the bucks. 
 

According to (7) the scrotal circumference is 

directly related to body weight and testosterone 

concentration, regardless of the season in 

which the animals were born. In adolescent 

male goats, the sudden increase in scrotal 

circumference coincides with the onset of 

spermatogenesis (19). 
 

(20) Reported maximum levels of plasma 

protein (PRL), testosterone, LH, FSH reaching 

between 18-20 weeks, which gives them 

reason to define this age as puberty in bucks. 

The present study confirmed earlier 

observations of the first signs of puberty. 

However, the age at which sexual maturity 

occurs in the goat breeds we study must be 

confirmed by more research, which will be the 

subject of future research. 
 

CONCLUSIONS 

It was found that the early signs of puberty of 

male kids in the breed Bulgarian White Dairy 

appeared at the age of 16 weeks and scrotal 

diameter 19.4 cm, in the Togenburg breed at 

the age of 18 weeks and scrotal diameter 18.5 

cm, and in the Anglo-Nubian breed 24 weeks 

and scrotal diameter 24.38 cm. 
 

A very strong reliable positive relationship 

between the stages of penile release, scrotal 

circumference, live weight and age was 

confirmed in all three studied genotypes. 

Testicular size and body weight could be used 

as a determining factor in the selection of pre-

pubertal male kids. 
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