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Abstract
The aim of this study was to compare testosterone concentration, body weight, scrotal circumference
and age to penis detachment from days 30 to 240 in young Boer goat males (n = 22) born during the dry (n =
11) and the rainy (n = 11) seasons. In the dry season the parameters varied as follows: body weight from 3.7
± 1.1 to 34.0 ± 4.7 kg, scrotal circumference from 7.9 ± 0.8 to 25.7 ± 2 cm, and testosterone concentration
from 259.4 ± 172.4 to 4613.4 ± 2892 pc/mL. In the rainy season parameters varied as follows: body weight
from 9.7 ± 2.3 to 28.1 ± 6.9 kg, scrotal circumference from 9.5 ± 1.5 to 22.0 ± 3.0 cm and testosterone from
521.9 ± 311.3 to 3417.9 ± 2021.8 pc/mL. At three months of age, 70% of animals born during the rainy
season presented with penis detachment, compared to 67.6% of animals born during the dry season at five
months of age. Penis detachment occurred in all males at four and seven months for animals born in the rainy
and dry seasons, respectively. There was a positive correlation between testosterone concentration and body
weight in the dry (r = 0.30) and rainy (r = 0.43) seasons, between testosterone and scrotal circumference in
the dry (r = 0.42) and rainy (r = 0.52) seasons, and between body weight and scrotal circumference in the dry
(r = 0.93) and rainy (r = 0.88) seasons. The animals born during the rainy season showed earlier development
in all the evaluated parameters than animals born during the dry season. It was found that scrotal
circumference is directly correlated to body weight and testosterone concentration.
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Introduction
Testosterone is the most important male reproductive hormone; it is related to reproductive behaviour,
spermatogenesis and secondary sexual characteristics (Hafez, 2004). The early reproductive behaviour
(mounting) displayed by Boer goats long before the start of puberty has been associated with low
testosterone production by the testicles after birth (Skinner, 1970).
It is important to evaluate testosterone levels to determine the development of the reproductive system
of exotic goats that are adapted to the semi-arid climate of northeastern Brazil. Testosterone levels are useful
in the selection of young sires and to characterise sexual maturity in different breeds (Eloy & Santa Rosa,
1998). Plasma testosterone concentrations are related to age (Silva, 2000), season of the year (Delgadillo &
Chemineau, 1992), protein intake (Azevedo Neto, 2005) and luteinising hormone (LH) pulse frequency
(Muduuli et al., 1979; Delgadillo & Chemineau, 1992). Testosterone is directly involved in the onset of puberty, and
consequently in the onset of spermatogenesis (Eloy & Santa Rosa, 1998).
Age, weight at birth, weight gain, scrotal circumference (SC) and penis detachment are important
puberty indicators in goats (Girão et al., 1996; Eloy & Santa Rosa, 1998; De La Vega et al., 2001). However,
there is no consensus as to which is the most important puberty indicator (Louw & Joubert, 1964; Elwishy &
Elsawaf, 1971; Bongson et al., 1982; Traldi, 1983; Simplício et al., 1988; Maia, 1990). Puberty is defined as
the moment when the male displays sexual behaviour that leads to mating and the ejaculate contains enough
live, viable sperm to impregnate a female (Hulet & Shelton, 1988; Jimeno et al., 2001). The display of
mating behaviour is an important criterion for male selection since early sexual behaviour allows for the
evaluation of reproductive capacity of an animal that will be used to intensify genetic selection and shorten
the generation gap (Madani & Rahal, 1988).
Breed-specific information is crucial for good reproductive management of a herd, such as for the
adoption of key herd management practices and determining when animals are capable of reproduction. For
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this reason, and because only a few studies have been carried out to date on the effect of the season of birth
(dry or rainy season) on plasma testosterone concentration, body weight, penis detachment and scrotal
circumference of young male goats, the aim of this study was to evaluate the effect of the season of birth on
the onset of sexual maturation of young Boer goat males in the semi-arid region of northeastern Brazil.

Materials and Methods
For the purpose of this study 22 male Boer goats (Capra hircus) born from single pregnancies were used.
Of these, 11 were born during the dry season (dry season), and had an average weight at birth of 3.12 ± 0.73
kg, and 11 were born during the rainy season (rainy season), and had an average weight at birth of 3.87 ±
0.79 kg. The animals were the property of Estação Experimental Benjamim Maranhão (EMEPA), located in the
county of Campo de Santana, 150 km from the capital João Pessoa, Paraíba State, Brazil.
The climate is classified as warm semi-arid, with 465 mm average annual rainfall and 24 °C average
annual temperature. The dry season starts in July and ends in January, with 15 mm average monthly rainfall. The
rainy season starts in February and ends in June, with 72 mm average monthly rainfall. March and April are the
months with the highest rainfall.
Animals were weaned at 90 days of age at that time the average weight was 11.35 ± 2.45 kg for dry season
animals and 16.26 ± 3.1 kg for rainy season animals. Animals were kept under a semi-intensive production system:
in the morning animals were let out on pasture of native caatinga vegetation and planted buffalo grass (Cenchrus
ciliaris L.). In the afternoon animals were brought in for supplementation with 250 g Tifton hay (Paspalum
notatum) and 100 g commercial feed for young goats [180 g Crude Protein (CP) – Caprinotech, Purina®], and
150 g EMEPA concentrated feed (150 g CP/kg) with an estimated 52.2% total digestible nutrients (TDN) for
each animal. Animals had access to water and mineral salt ad libitum.
Husbandry practices included deworming and preventive treatment for clostridiosis. All does were
vaccinated against clostridiosis four to six weeks prior to parturition. Offspring were first vaccinated at 60
days of age and received a booster vaccination 45 days later. Does were dewormed with albendazol at 150
days of gestation and offspring were dewormed at weaning.
For the purpose of this study, 30-day-old males, born during the rainy season or dry season, were
evaluated eight times, at 30-day intervals.
Body weight and SC were measured and penis detachment evaluated. Penis detachment was scored on
a scale from zero to five (0 = completely adhered, 5 = completely detached), as described by Wiggins &
Terril (1953) for rams. For penis detachment evaluation the animals were placed in a sitting position while
the penis “S” was straightened and the preputium pulled down in order to expose the penis.
On days 30, 90, 150, 180, 210 and 240 blood samples were collected in Vacutainer® (10 mL) tubes, and
centrifuged at 3000 g for 10 min. Plasma samples were stored in 1.5 mL plastic container (Eppendorf®) at -20 °C until
determination of testosterone concentration.
Total testosterone concentration (TC) analysis was performed in duplicate using electrochemical
luminescence (ECL), a competitive test using a testosterone specific monoclonal antibody (Passing & Bablok, 1983;
Eastone & Decker, 1997). Roche Elecsys 1010/2010 and Modular analytics E170 (Roche, Switzerland) were
used to determine plasma testosterone concentration. Results were expressed in picograms per mL (pc/mL).
Data were submitted to Pearson partial correlation analysis (SAS, 1990) and an average comparison
test (t-Student), with a 5% significance level.

Results
Testosterone concentration in animals born during the dry season varied from 259.4 ± 172.35 to
4613.4 ± 2892.02 pc/mL, and TC in animals born during the rainy season varied from 521.9 ± 311.27 to
3417.9 ± 2021.77 pc/mL. It was noticed that until six months of age animals born during the rainy season
had higher TC values (P <0.05), but at seven and eight months TC values were higher (P <0.05) in animals
born during the dry season (Figure 1). In the case of animals born during the dry season, the TC profile did
not change during the first five months (P >0.05) of the experiment (Figure 1); yet from five to seven months
of age TC values increased (P <0.05) (4613.4 pc/mL), and then decreased drastically (P <0.05) until eight
months of age (1721.7 pc/mL). Animals born during the rainy season presented a constant increase (P <0.05)
in TC levels until seven months of age (3417.9 pc/mL), when a marked decrease was observed (P <0.05)
until eight months of age (1576.1 pc/mL).
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Figure 1 Plasma testosterone profiles for the first 8 months of age in young Boer goat
males born during the dry and rainy seasons. Different superscripts (lowercase within a
line and uppercase between lines at the same age) differ significantly at P <0.05.

Figures 2 and 3 display body weight and SC results. Figure 2 illustrates that in both groups body weight
increased with age. Animals born during the rainy season were heavier until seven month of age (P <0.05), but
at eight months no difference in mean body weight was noticed between groups. Figure 3 shows that in the case
of animals born during the rainy season, there was a steep increase in SC until four months of age, while in the
case of animals born during the dry season this increase in SC was evident only after five months of age.
At three months of age 70% of animals born during the rainy season presented with penis detachment,
whereas 67.6% animals born during the dry season presented with penis detachment at five months of age.
All animals in the rainy season and dry season groups presented with penis detachment at seven months of
age.
Positive correlations between testosterone and body weight (r = 0.30; r = 0.43), testosterone and SC
(r = 0.42; r = 0.52), and body weight and SC (r = 0.93; r = 0.88) were noted for dry season and rainy season
animals, respectively.

Discussion
Body development (weight gain) was delayed in animals born during the dry season, while animals
born during the rainy season were heavier and had higher TCs and higher SC results (P <0.05) during the
first five months of age. However, later, from seven months of age, the dry season animals had higher
testosterone levels (P <0.05) and similar SC values. These results indicate that the delay in body growth,
testicular growth and TC are outweighed when animals born in an unfavourable dry season are later exposed
to good feeding. In goats, the excess or lack of feed protein affects TCs (Azevedo Neto, 2005).
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Figure 2 Body weight changes during the first eight months of age in young Boer goat males
born during the dry and rainy seasons. Different superscripts (lowercase within a line and
uppercase between lines at the same age) differ significantly at P <0.05.
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Figure 3 Scrotal circumference changes during the first eight months of age in young Boer
goat males born during the dry and rainy seasons. Different superscripts (lowercase within
a line and uppercase between lines at the same age) differ significantly at P <0.05.
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In young Saanen and British Alpine goats, testosterone profiles are marked by a decline followed by a
peak at the time when males reach sexual maturity (Macmillan & Hafs, 1969; Ahmad et al., 1996). In the
case of animals born during the rainy season the TC increased until seven months of age, after which there
was a marked decrease. This was similar to the observations of Silva (2000) in Saanen goats.
The testosterone decrease after seven months of age might be a result of the aromatisation of
testosterone to oestradiol in the central nervous system and its negative effect on the hypothalamus (Auclair
et al., 1995; Scott et al., 1997) and hypophysis (Olster & Foster, 1986).
Sexual maturation (puberty), especially in males, is an extremely complex process that cannot be
defined by a single event (Wiggins & Terril, 1953). Penis detachment is an indicator of sexual maturity.
Animals born during the rainy season presented with penis detachment at three to four months of age, while
in animals born during the dry season penis detachment occurred between five and seven months of age. Our
results are in agreement with those of other authors who reported that the start of sexual maturity varies from
123 to 242 days (Elwishy & Elsawaf, 1971; Nunes, 1982; Traldi, 1983; Simplício et al., 1988; Girão et al.,
1996).
According to Johnstone (1948) and Eloy & Santa Rosa (1998), testicular hormones play an important
role in penis detachment. The current study confirms this, since it was noticed that penis detachment
coincides with increases in TC. It is interesting to note that this relation was more evident in animals born
during the dry season, and which, prior to the hormonal peak, presented low levels of testosterone.
Furthermore, it is important to emphasise the close relationship between TC, body weight and SC (Trejo et
al., 1988; Eloy & Santa Rosa, 1998; Silva, 2000). The significant compensatory development observed in the
animals born during the dry season, between six and eight months, occurred during the subsequent rainy
season, when the nutritional value of the pasture was higher.

Conclusions
Taking all the reported results into consideration, it can be concluded that the animals born during the
rainy season have earlier sexual maturity, in terms of all the evaluated parameters. Scrotal circumference is
directly correlated to body weight and testosterone concentration, irrespective of which season the animals
were born in. We were therefore successful in achieving our aim of determining the effect of the season of
birth on the onset of sexual maturation of young Boer goat males in the semiarid region of the northeast of
Brazil.
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