https://dx.doi.org/10.4314/dujopas.v9i3b. 1 |
ISSN (Print): 2476-8316
ISSN (Online): 2635-3490
Dutse Journal of Pure and Applied Sciences (DUJOPAS), Vol. 9 No. 3b September 2023

Determinants of Puberty and Age of Sexual Maturity in
Nigerian Indigenous Breeds of Male Goats

*Bitrus Ishaku', Nnadi, Pius Ajanwachukwu?, Makun Hussaina Joan?,
Abonyi Festus Otaka?, Gilbert Taidinda Tashara®, Danladi Yohanna',
Korzerzer Rachel Mngusuur®> Chindo Abednego®.

'Department of Animal Science,
Taraba State University,
Jalingo, Taraba state,

Nigeria.

’Department of Animal Health and Production,
University of Nigeria, Nsukka,

Enugu state,

Nigeria.

3National Animal Production Research Institute,
ABU, Shika Zaria,

Kaduna state,

Nigeria

“Department of Veterinary Pathology and Microbiology,
University of Nigeria,

Nsukka, Enugu state,

Nigeria.

Department of Veterinary Anatomy,
University of Ibadan,

Ibadan,

Nigeria

®Department of Veterinary Anatomy,
Joseph Sarwuan Tarka University,
Makurdi,

Benue state

Nigeria

Email: ishakubitrus1980@gmail.com

Abstract

This study was conducted to ascertain the pubertal and sexual maturity characteristics of Nigerian
native goat breeds. The research was carried out on three goat breeds; Sahel (SG), Red Sokoto (RSG),
and West African Dwarf (WAD) goats. Each breed was represented by eight (8) animals (n=24) and
housed in separate pens based on breed type. All bucks were weighed at birth and bi-weekly using digital
weighing scales until they reached puberty. Scrotal circumference measurements were taken every two
weeks until the end of the study. Semen was collected immediately after preputial separation and all
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semen samples were labelled and placed in a thermo-flask immediately and subsequently transported to
the laboratory for evaluation. The mass motility and the forward motilities of the spermatozoa were
observed using a light microscope. The percentage of live, dead, and abnormal sperms were determined
after staining with eosin and negrosin stains. The sperm cell concentration was determined by counting
spermatozoa with a hemocytometer. Result obtained indicate that at the 14th and 16th weeks of age, the
mean scrotal circumference of bucks ranged from 5.14+0.66 cm to 7.06£0.71 cm, 6.32+0.29 cm to
8.05%0.42 cm, and 5.50£0.74 cm to 7.06+0.71 cm in SG, RSG, and WAD bucks, respectively. Puberty
in Red Sokoto bucks was achieved at an average age of 14 weeks, with a mean sperm concentration of
(116.17+28.47 x 109), progressive sperm motility of (65.00£9.92%), and a mean body weight of
10.17+1.26 kg. Sahelian and WAD bucks reached puberty at the 16th weeks, with sperm concentrations
0f 106.29+25.18 x 106 and 107.60+19.99 x 106, mean sperm motility of 65.00£9.94% and 76.00+4.8%,
and mean body weights of 11.29+1.59 kg and 7.78+0.70 kg, respectively. To summarise, this study
revealed that breed, age, scrotal circumference and body weight at puberty played significant roles in
determining sperm characteristics and sexual maturity.

Keywords: Age, Indigenous breeds, Male goats, Maturity, Puberty.

INTRODUCTION

Goat production is a customary undertaking primarily practiced as a secondary activity in the
rural environs of developing nations. The rearing of goats plays a pivotal function in the
socioeconomic development of rural communities in West Africa (Gauthier et al., 2001). In
light of the growing socio-economic significance of goats and the mounting requirements for
appropriate goat husbandry, which necessitates the use of optimal breeding bucks for
lucrative production, a functional system that integrates body conformation and testicular
traits evaluation, as well as semen characterization, is indispensable. Evaluation of a buck's
ability to mate, physical capability to mount, intromission achievement, and ejaculation can
be performed through field assessments (Tanga et al., 2021). Furthermore, evaluation can be
conducted on the quality of semen that the buck generates, which is directly associated with
the physical attributes of its genitalia (J6Zkow and Rossato, 2017).

Male fertility is a crucial factor in caprine reproduction since multiple does are generally bred
to a single buck (Mocé et al., 2022). Consequently, assessing male fertility before breeding is
vital in achieving breeding success. The potential fertility of breeding males can be evaluated
in the field through assessment of mating ability, physical examination, and a genital tract
examination of both the external and internal genitalia, including a scrotal circumference
measurement, and semen quality evaluation (Hoflack et al., 2006).

Weaning weight, growth rate, age at complete separation of prepuce from the penis, scrotal
circumference at puberty, weight and age at puberty, volume of ejaculate, and individual and
mass motility percent of semen, abnormal morphology spermatozoa, and the concentration
of spermatozoa are important puberty indicators in goats (Bezerra et al., 2009). A male attains
pubertal stage when it starts to display sexual behaviors, mate, and ejaculate semen
containing enough viable sperm to impregnate a female (Jimeno et al., 2001). The foundation
for a sound comprehension of the male reproductive biology in any species lies in the detailed
morpho-functional study of its reproductive organs (Segatelli et al., 2004). Morphometric
analysis of the testes of any species or breed is necessary in predicting not only sperm
production but also the storage potential and fertilizing capability of the male. In particular,
testicular size (either represented by testicular weight or volume) has been reported to be a
good indicator of the current and future sperm production in different animal species (Togun
and Egbunike, 2006). According to Mickelsen and Memon (2007), testicular size correlates not
only with spermatozoa production but also with scrotal circumference. Although some
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testicular measurements have been documented in some animal species (Willis, 2001), there
is a dearth of information on testicular measurements and their application in the prediction
of good sire goats (Bitto and Egbunike, 2006).

Henceforth, it is possible to collect semen and assess reproductive capacity to employ it for
genetic enhancement (Bezerra et al., 2009). In any approach towards genetic improvement of
animal breeds, their reproductive performance is of utmost significance. In this context, the
purpose of this research was to ascertain the pubertal and sexual maturity characteristics of
three indigenous male goat breeds of Nigeria, comprising weaning weight, growth rate,
scrotal circumference at puberty, weight and age at puberty, volume of ejaculate, mass
motility, percentage of live semen, abnormal morphology of spermatozoa, and concentration
of spermatozoa.

MATERIALS AND METHODS

Care and Housing of Experimental Male Goats

The study was carried out on male kids of Sahel (SG), Red Sokoto (RSG) and West African
Dwarf (WAD) goat breeds at the Small Ruminant Research Farms of the National Animal
Production Research Institute, Shika, Ahmadu Bello University (ABU), Zaria with geo-
reference of 11° 12" 0” North, 7° 34" 0” East (Inichinbia and Sule, 2018). Each breed was
represented by eight (8) animals (n=24) and housed in separate pens according to breed type.
The kids were kept with their dams to feed on milk till the age of 6 weeks. They were then
given a concentrate made at the farm at a rate of 200 gm per day. This ration was formulated
with groundnut cake, maize, maize offal, bone meal, cotton seed cake, mineral mixture and
sodium chloride. They were offered water and different species of Brachiria grasses ad libitum.
The kids were weaned at the age of 12 weeks. They were vaccinated against peste des petit
ruminants (PPR) with PPR vaccine obtained from the National Veterinary Research Institute
(NVRI), Vom. They were treated against ectoparasites and endoparasites with Ivermectin (1
ml/50 kg intravenous). The animals were managed intensively on the farm.

RSG

Male kids
n=8

6 weeks

SG

> > Determination
n=8

Puberty

WAD
Male kids

n=8

Figure 1: Experimental schedule

Measurement of live body weight and scrotal circumference

The male goat kids of the three breeds were weighed at birth and their body weights were
recorded bi-weekly using digital weighing scale until they reached puberty. Measurement of
scrotal circumference was also carried out every two weeks in the bucks till the end of the
study. The scrotal circumference was measured with a flexible tape at the point of the greater
circumference of the scrotum.
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Semen collection and analysis

Trials of semen collection started immediately after preputial separation using electro-
ejaculator. The procedure was carried out as described by Matshaba (2010), which involved
the insertion of 3-5 volts rectal probe through the rectum of the bucks. This caused electric
stimulation of the bulbouretal gland for the release of semen. Following semen collection, the
semen volume was recorded using 15 mL graduated falcon tubes. All the semen samples were
labelled and then placed in the thermo-flask at 37 °C immediately after collection and
transported to the laboratory for evaluation within one hour after collection. The mass motility
and the forward motilities of the semen were taken and recorded using light microscope.
Sperm morphological abnormalities (sperm with coiled midpiece, looped tail, double headed
or tail) was determined as described by Mitshaba (2010). The percentage of live, dead and
abnormal sperms were determined after staining with eosin and negrosin stains. The sperm
cell concentration was determined by counting sperms with a hemocytometer as
demonstrated by Leboeuf et al. (2000).

Statistical Analysis

The data were statistically analyzed and the variables concerning body weight, scrotal
circumference and seminal parameters (Mean + SE) were subjected to ANOVA. Correlation
among body weight, scrotal circumference and semen parameters was also determined
(P<0.05).
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RESULTS
Table 1: Weekly mean variations in semen of experimental goats
Breed Weeks BW SC VOL coL MOT PH CONC MORPH
SG 10074153 514£0.66 030008  1.86£0.34 37.86+14.96 5.86+0.98 68.57+29.15  12.29+538
RSG 14 10.1741.26  632£0.29 0224006 2174017  65.00£9.92 683011 1161742847  19.1746.32
WAD 741071 550£0.74  0.06:0.02 220020 59.00+12.88  6.60:0.19  68.40+20.76  9.00+2.95
SG 1129+159  63:074  0.39:0.09  229+0.18 65.00£9.94 671015 106292518  15.43+4.72
RSG 16 10.63+1.24  6.63+0.31  0133:0.02 233021 67.50+14.30 6.75£0.17 1275043340  13.33£2.77
WAD 778070 592033  010:0.00  1.80£0.20 76.00+48 690010 107.60£19.99  17.00+1.64
SG 12444159 6.90£0.66  049:0.06  214+0.14 7571x414  671x0.15 123.14%1736  11.57+1.66
RSG 18 111741.26 7408039 015:0.02 217031 82.50:2.81  7.00£0.00 158.00£23.88  12.50+165
WAD 810£0.68  6.84+0.64  018:0.06  2.00£0.00 83.00+374  7.00:0.00 124.60+20.47  10.40+1.33
SG 1331£1.55 7912067 056006  2.00£0.00 80.00+218  7.00£0.00 167571150  10.86%1.20
RSG 20 11.78+1.22 8058042  035:0.03  1.83:0.17 87.00+1.83  7.00:0.00 168332054  10.00+2.06
WAD 870£072  7.06£0.71  020£0.03  1.80£0.20 84.00+2.92  7.00£0.00  152.00£20.57  10.60+1.50
SG 1419+147  8.61:070 060004  2.00£0.00 8243+211  7.00£0.00 175.14%1581  14.43%513
RSG 22 1233+1.17  828+048  048:0.04 183017 86.67+279  7.00£0.00 202332236  10.67+1.31
WAD 910£0.68  7.40£0.67  0.22:0.02  1.60£0.25 87.00+1.23  7.00£0.00 163201638  9.20+1.02
SG 1476£1.32  8.89+0.68  0.66:0.04 171018 87.14+184  7.00£0.00 202291351  9.43:0.69
RSG 24 13.2241.14  8.63+047  0.60:0.07  150£0.22 88.33+211  7.00£0.00 21567421123  10.5020.62
WAD 9.68:0.71  7.82£0.76  0.32:0.05  1.40£0.25 92.00+123  7.00£0.00 177.00£1219  9.40+0.68
SG 1521#1.33  959+0.67  0.86x0.17  171x0.18 85.00+154  7.00£0.00 218571668  9.71x0.57
RSG 26 13.75¢1.09  9.17+0.78  0.58:0.05 117017  90.00+258  7.00£0.00  259.00£1355 8.0 +1.29
WAD 10.40£0.61  810+00.75 042+0.02  120£0.20 93.00+1.23  7.00£0.00 193.60£11.39  9.40+0.75
SG 15.69+1.30  10.0410.64 0.76x0.06  143+0.20 89.57+206  6.92+0.07 225712034  12.71%3.08
RSG 28 13.9241.13  9.7280.61  057+0.04  1.83:0.17 87.50+250  7.00:0.00  230.67+19.46  13.83+1.28
WAD 11108067 844075  044%0.02  1.40£0.25 92.00+121  7.00:0.00 224.80+9.71 10.80+1.66
SG 1620£1.25 1096056  0.83:0.03 143020 84.29+317  6.920.07 25229+18.85  10.14+1.64
RSG 30 14424111 10224057  0.70:0.04 133021 93.33+1.05  7.00£0.00  253.00£2337  9.50+1.29
WAD 1174£0.65 8.92+0.73 0543004  1.00£0.00 92.00+200  7.00£0.00  240.00+20.98  8.80+0.80
SG 17.39+117 1180051 0.82:0.05 143020 88.43+1.99  7.00£0.00 26857t19.07  8.86+1.12
RSG 32 152241.06 1058055  0.67+0.05  1.00£0.00 91.00+234  7.00£0.00 262002113  8.33:0.95
WAD 1250£0.61  9.16+0.72  0.56:0.07  120£0.20 9240+112  7.00£0.00 276.40+11.87  7.40+0.75

*Body weight (BW), scrotal circumference (SC), volume (VOL), color (COL), motility (MORT), sperm concentration

(CONC), and morphology (MORPH).
Dwarf goats *1 = watery, 2 = milky, 3 = creamy

*SG = Sahelian goats, RSG = Red Sokoto goats, WAD = West African
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Table 2: Correlation coefficients in relationship to live body weights, scrotal circumference and
seminal parameters among Sahel, Red Sokoto and West African Dwarf goats.

Parameters BW SC EV EC Mot pH Conc Mor

Body Weight (BW) 1.000

Scrotal Circumference 0.847" 1.000

(SC)

Ejaculatory Volume 0.670™ 0.712" 1.000

(EV)

Ejaculatory Colour (EC) -0.147* -0.358™ -0.381" 1.000

Motility (Mot) 0.179* 0.337" 0.392** -0.388™ 1.000

Potential of hydrogen 0.073 0.169" 0.194 0.089 0.527 1.000

(pH)

Concentration (Conc) 0.381" 0.536™ 0.584~ -0.571™ 0.729" 0.353" 1.000

Morphology (Mor) -0.064 -0.127 -0.074 0.153* 0.146 0.116 -0.139 1.000
Table 3: Age related quantitative sperm characteristics of West African Dwarf Bucks

BW VOL COL MOT pH CONC MORPH

Age 769" 652" 894" -.638™ 614" 415" 864" -.333"

BW .844™ 783" -.671" .565™ 402" .800™ -.255

sC 705" -.651" 422+ 304 621" -.289*

VOL -.618™ 566™ 357 813" -.307

COL =577 -435™ -.708™ 102

MORT .880™ 723" -.038

pH 533" -.044

CONC -.292"

** Correlation is significant at the 0.01 level (2-tailed).
*. Correlation is significant at the 0.05 level (2-tailed).
Body weight (BW), scrotal circumference (SC), volume (VOL), color (COL), motility (MOT), sperm concentration

(CONC), and morphology (MORPH).

Table 4: Age related quantitative sperm characteristics of Red Sokoto Bucks

BW VOL COL MOT pH CONC MORPH
Age .524™ 787" .824™ -.616™ 488 342 .676™ -.336™
BW .866™ 573" -.270" 315 .103 402 -.250
sC 773" -.459" 394 .248 .520™ -.285"
VOL -.599* 516" .246 .648™ -.258"
COL -418" -.283" -.701" 192
MORT 687" 709" .086
pH 431" .015
CONC -.144

**. Correlation is significant at the 0.01 level (2-tailed).

*. Correlation is significant at the 0.05 level (2-tailed).

Body weight (BW), scrotal circumference (SC), volume (VOL), color (COL), motility (MOT), sperm concentration
(CONC), and morphology (MORPH).
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Table 5: Age related quantitative sperm characteristics of Sahel Bucks

BW SC VOL COL MOT pH CONC MORPH
Age 522 774 .658** -461** .560** .263* 784" -.156
BW 867" .534** -.109 156 125 185 -.018
SC .666%* -.280* .310** 187 397 -.002
VOL -.308" 524 .333™ .543™ .084
COL -.232 287" =377 104
MORT .544™ 739" 195
pH .395™ 149
CONC -.100

**. Correlation is significant at the 0.01 level (2-tailed).

*. Correlation is significant at the 0.05 level (2-tailed).

Body weight (BW), scrotal circumference (SC), volume (VOL), color (COL), motility (MOT), sperm concentration
(CONC), and morphology (MORPH).

Changes in the Scrotal Circumference of Sahel, Red Sokoto and West African Dwarf

The findings of the present study indicate that, at the age range of 14-16 weeks, the average scrotal
circumference of male goats fell within the range of 5.14+0.66 cm to 7.06+0.71 cm, 6.3240.29 cm to
8.05+£0.42 cm and 5.5040.74 cm to 7.06£0.71 cm for SG, RS, and WAD breeds, respectively (Table
I). Subsequently, a rapid increase in scrotal circumference was observed between 14 and 20
weeks, followed by a slower rate of growth between 22 and 30 weeks of age. The maximum value
of scrotal circumference was recorded at 11.80+0.51 cm, 10.58+0.55 cm, and 9.16+0.72 cm for SG,
RS, and WAD breeds, respectively, at the 32nd weeks. Furthermore, Spearman's rank correlation
coefficient analysis indicated a significant (P<0.05) association between age and scrotal
circumference (r=0.522, r=0.787, and r=0.652) in SG, RS, and WAD breeds, respectively.
Additionally, a significant (P<0.05) correlation was observed between body weight and scrotal
circumference (r=0.867, r=0.866, and r=0.844) in SG, RS, and WAD breeds, respectively.

Age and Body Weight at Puberty of Sahel, Red Sokoto and West African Dwarf Bucks
Results from the current study indicate that the Red Sokoto bucks achieved sexual maturation at
a mean age of 14th week, exhibiting mean sperm concentration (116.17+28.47 x 10¢), progressive
sperm motility (65.00+9.92%), and mean body weight of 10.17+1.26 kg. On the other hand, the
Sahelian and WAD bucks attained puberty at 16th week of age, manifesting sperm concentration
of 106.29+25.18 x 10¢ and 107.60£19.99 x 106, mean sperm motility of 65.00£9.94% and 76.00+4.8%,
and mean body weight of 11.29+1.59 kg and 7.78+0.70 kg, respectively (Table I). Notably, the
sexual maturity was attained when the juveniles had attained 49.55% of their final body weight.
By utilizing Spearman's rank correlation coefficient, it was observed that body weight and age
exhibited a statistically significant (P<0.05) relationship with respect to puberty, depicting r =
0.524, r = 0.522, and r = 0.769 in RS, SG, and WAD bucks, respectively.

Body Weight Changes During Puberty of Sahel, Red Sokoto and West African Dwarf Bucks

The relationship between chronological age and body weight is shown in Table 1. From the 14th
week of age, the body weighs increased at a fairly constant rate, reaching maximum values of
14.19+1.47,12.33+1.17 and 9.10+0.68 kg in SG, RS and WAD bucks respectively, at the age of 22nd
week. A transient decrease in the body weight changes was observed at the 24th and 26th week.

Ejaculate Characteristics
Tables 1 to 2 provide the characteristics of the ejaculates collected from individual kids of the

three breeds at sexual maturity. In all of the bucks from the three breeds, the first ejaculation was
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observed to be yellowish-white in color at 14th week of age, while in the subsequent weeks, it
had a creamy-white appearance with thin consistency. At 32nd week of age, SG, RS, and WAD
bucks were observed to have reached full sexual maturity and could thus be used for breeding
purposes. At this age, the means ejaculatory volumes were 0.82+0.05, 0.67+0.05, and 0.56+0.07 mL
in SG, RS, and WAD, respectively. The means sperm concentrations were 268.57+19.07 x 10¢,
262.00+21.13 x 106, and 276.40+11.87 x 10¢ in SG, RS, and WAD, respectively. The percentages of
individually dead and morphologically abnormal sperm were 8.86+1.12, 8.33+0.95, and
7.40+0.75% in SG, RS, and WAD, respectively. When comparing the sperm output of the first
ejaculate of all goats using Spearman's rank correlation coefficient, age, body weight, and scrotal
circumference at the time of sexual maturity were positively significant (P<0.05) in all three bucks
breeds. The Spearman’s rank correlation coefficient, with age and morphologically abnormal
sperm at the 32nd week of sexual maturity, were inversely significant (P<0.01) r = -0.292, r = -
0.144 in WAD and RS bucks respectively, while it was statistically insignificant (P<0.05) in Sahel
bucks.

DISCUSSION

The present study has demonstrated that the scrotal circumference of experimental goats
increased with age. This observation is consistent with the results of a study conducted by Kridli
et al. (2005) on Mountain black goats and their cross-breeds, which found that scrotal
circumference increased with age in growing yearlings. Notably, a rapid increase in scrotal
circumference was observed between the 14th and 20th week of age, followed by a period of slow
growth. However, it was not possible to confirm the first phase of slow growth, as the study
began at 14th week and no data was available prior to that age. It is important to note that an
increase in scrotal circumference reflects the growth of testicular tissues (Perumal, 2014).
Histological studies of goat testes have revealed that spermatogonia and primary spermatocytes
appear at 69-84 days of age, while secondary spermatocytes and spermatids appear from 92-112
days (Yao and Eaton, 1954; Lee et al., 1985).

A significant positive correlation was observed between scrotal circumference, age, and body
weight, which may be attributed to the fact that testes are body parts that respond to tissue
growth, as evidenced by the improvement of body weight. This finding is consistent with the
results of Belibasaki and Kouimtzis (2000) and Kridli ef al. (2005), who also reported significantly
higher scrotal circumference in heavier breeds. A marked increase in scrotal circumference in the
ages of the experimental goats ranging between the 14th and 20th weeks indicates the onset of
active spermatogenesis and suggests that pubertal changes occur at this age (Bilaspuri and Singh,
1992). The gradual increase in scrotal circumference in this study could account for the gradual
increase in ejaculate volume observed in all three breeds of bucks. Other studies have also
reported a positive correlation between increasing age and body weight and testicular sizes in
goats (Mekasha et al., 2008; Raji et al., 2008; Kabiraj et al., 2011; Shoyombo et al., 2012). Additionally,
larger testes correlated with their scrotal circumferences (Alade et al., 2006; Shoyombo et al., 2012;
Alade et al., 2007; Alade et al., 2009; Alade et al., 2009). Moreover, testicular and cauda epididymal
sperm reserves positively correlated with testicular weights and scrotal circumferences in Red
Sokoto goats (Daudu, 1984).

The Spearman’s rank correlation coefficients in the relationships among the variables are
presented in Table 2. Remarkably, the gradual increase in scrotal circumference occurred in
alternating periods of significant growth and stability from the 14th to 32nd weeks (Table 4),
which is similar to the observations made in native Brazilian goats (Eloyand Santa Rosa, 1998).
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Even after reaching sexual maturity, changes in scrotal circumference can occur in goats due to
the influence of photoperiod, nutritional status, and temperature (Coelho et al., 2006; Almeida et
al., 2007; Delgadillo et al., 2007). As age increased, a high positive correlation was observed
between live weight and scrotal circumference (r = 0.847). Similar to the findings of the present
study, Daudu (1984) observed a high positive correlation (r = 0.78) between live weight and
scrotal circumference in Red Sokot goats, while Keith et al. (2009) found the same in Boer goats
(32°N), and Raji et al. (2008) in White Borno goats (11°N) with a correlation coefficient of 0.82.
These results collectively support the notion that testicular growth is closely associated with live
weight in goats, irrespective of breed and latitude. The study also demonstrated that sperm
production and concentration increased as the bucks aged, in all three breeds, from 14th week (3
and %2 months) onwards. This finding is consistent with earlier reports that sperm production in
Sahel goats is adequate at 3 months of age, with sperm cell concentration increasing with age
(Maina et al., 2006). Additionally, the quality of sperm was found to improve with age (Maina et
al., 2006; Oyeyemi et al., 2011).

Although the histological development of the testes was not examined in this study, previous
research has shown that bucks' first mating occurs on average 47 days after first ejaculation using
an electro-ejaculator (Madani and Rahal, 1988). As sexual maturity is determined by the
acquisition of mating competence, it is possible that semen was collected at a younger age using
an electro-ejaculator. This possibility is supported by the observation of rapid testes growth from
14th week in the studied bucks. Lee et al. (1985) reported identifying spermatozoa in the testes of
20-week-old bucks after histological examination, although a few spermatozoa were also
observed as early as 92 days of age (Yao and Eaton, 1954).

Sperm motility is a crucial indicator of male fertility (Jia ef al., 2021). The study's results revealed
that individual progressive motility varied significantly with an increase in age: an average of
65.00% in the 14th week and 93.33% in the 30th week. It was also observed that sperm
morphology reduced as the experimental goats advanced in age (from 12.29+5.38% at the 14th
week to 7.40+0.75% at the 32nd week). Souza et al. (2011) reported a high incidence of
abnormalities in the intermediate segment and tail of the sperm as the responsible factor for low
sperm motility. Furthermore, Horn et al. (2002) noted that the epididymis epithelium was
responsible for selecting and phagocytizing sperm cells with specific defects, with this process
becoming more efficient as reproductive maturity is reached. Therefore, the high value of
individual progressive motility at a given age (32nd week) can be interpreted as an indication of
sexual maturity having been reached.

The findings of our study indicate that the milky or creamy appearance of semen, along with
semen volume ranging from 0.30+0.08 to 0.56+£0.07 mL, is consistent with the results reported by
Daudu (1984). Interestingly, Souza et al. (2011) reported a similar phenomenon in Anglo-Nubian
male goats, where milky sperm was observed from the 20th week to the 34th week, while all
ejaculates recorded from the 36th week of age were creamy. Within the RSG, there was a
significant increase in sperm concentration in animals between the 18th and 26th weeks (Table 1).
In contrast, the SG and WAD showed significant increment in sperm concentration from the 20th
to 32nd week and 26th to 32nd week, respectively. According to Aguiar et al. (2006) and Souza et
al. (2011), this remarkable increase in spermatogenic activity during the referred age range is due
to the development of seminiferous tubules and the differentiation of the Sertoli cells.
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Despite advancing age, the pH of goat semen remained buffered within the normal goat pH range
of 6.8-7.0. This neutrality in pH was observed across all three indigenous goat breeds, and the
results are in agreement with those obtained by Hahn et al. (2019), where 65% of bucks studied
had pH within the range of 6.4-7.0. The findings of our study indicate that puberty was reached
in Red Sokoto bucks at 14th week (104 days) and a mean body weight of 10.17+1.26 kg, while
Sahelian and WAD bucks reached puberty at the 16th week (120 days) and a mean body weight
of 11.29+1.59 and 7.7840.70 kg, respectively. This finding is consistent with the hypothesis that
breed modifies the onset of puberty in goats (Sakurai et al., 2004). Similarly, in the study
conducted by Nishimura et al. (2000), Damascus breed bucks reached puberty at the 17th month,
while Tokara breed bucks attained puberty at the 4th month. Furthermore, body weight plays a
crucial role in modifying the age of sexual maturity in goats, as observed by Zarazaga et al. (2009).
Lastly, Madani and Rahal (1988) described the influence of the season of birth on the age of
puberty in native Libyan goats, with animals born in winter being more precocious than those
born in summer (22nd versus 27th week of age, respectively).

Hence, it is apparent that the initiation of sexual activity in small ruminants can fluctuate based
on breed, management practices, and date of birth (Madani and Rahal, 1988; Ahmad and Noakes,
1996; Abi Saab et al., 1997; Almeida et al., 2007). Boer goats reached puberty at an average age of
157.5 days and a body weight of 46.3 1bs, as observed by the emergence of spermatozoa in semen
collected via electro-ejaculation (Louw and Joubert, 1964). The puberty age for local and Southern
Libyan goats was 192.1 and 158.7 days, respectively, with body weights of 22.0 and 18.9 kg
(Madani and Rahal, 1988). In Nubian goats, puberty occurred at 227 days of age and 37.7 kg body
weight (Chakraborty et al., 1989). Sexual maturity, as determined by the attainment of mating
competence, was documented at the ages of 239.4 and 254.4 days and weights of 25.7 and 26.8 kg,
for local and Southern Libyan goats, correspondingly (Madani and Rahal, 1988). Sexual maturity
in the British goat breeds is achieved at a younger age than most of the other breeds studied.
Elwishy and Elsawaf (1971) reported that the age and body weight at maturity in Damascus goats
were 509.2 days and 36.6 kg, respectively. The current study did not consider other factors such
as the time of year when the kids were born, plane of nutrition, management system, and climatic
conditions.

Conclusion

In conclusion, this study found that breed, age, scrotal circumference and body weight at puberty
are the major determinants of sperm characteristics, puberty and/or sexual maturity in Nigerian
indigenous goat breeds (Sahel, Red Sokoto and WAD).
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