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Abstract
Goat breeding has economic importance specifically in developing countries in
terms of fiber, milk, and meat production. To reach the increasing market demands, a thoroughly organized breeding program is required. While most breeders focus on the female part of reproduction management, male selection constitutes the overlooked half. However, this forgotten part should begin with male
selection through an andrological evaluation examination (Breeding soundness
exam (BSE)). After the male selection, semen collected from these bucks can be
transported to other herds easily and genetic advance can be achieved in a shorter period with the help of assisted reproductive techniques. Using selected males’
semen with artificial insemination (AI) in goats can bring huge improvement at
goat breeding with its rapid and reform triggering effects. However, there are still
missing pieces in terms of andrological examination evaluation and assisted reproductive techniques in goats and future research is still required to complete
this puzzle. This review will focus on the selection of bucks and the advances in
most commonly used assisted reproduction techniques in the field level.

Introduction
Goats have considerable economic importance
and triggering impact in a wide scope of rural production systems (Fatet et al., 2011), especially in developing
countries. Their natural ability to use pastures and water
efficiently and have a higher resistance to heat and cold
stress allows it to be easily bred in a variety of climatic
and geographical conditions (Gebre, 2007; Delgadillo et
al., 1997). Additionally, its cultural role in some societies can not be ignored by explaining its spreading on the
earth. In a temperate climate, they are mainly used for
dairy, but they can also be used for meat and fiber production. In this zone, goats are seasonally polyestrous
animals. The length of the sexual season varies with day
length, latitude, climate, breed, nutrition, presence or
absence of male and other unknown conditions. The
main environmental factor affecting the sexual season
of goats in temperate regions is the alterations in day
length, which is called photoperiodism. Moreover, the
largeness of serum gonadotropin and testosterone sePublished by International Center for Livestock Research and Training

cretion of mature bucks in response to day length changes show breed differences. Additionally, does’ follicular
activity changes during the year in depending on the
prolactin secretion and photoperiodism as similar bucks.
In bucks, puberty is associated with a marked increase in testosterone secretion, spermatogenesis and
mating behavior. Ejaculation of viable sperm occurs at
4 to 6 months of age, and young bucks have 40 to 60%
of their mature weights. Despite the age of sexual maturity linked to breed, it generally occurs 10-12 months
old of age (Demir et al., 2018; Hafez &Hafez, 2000;
Chakraborty et al., 1989). During the breeding season,
does undergo several successive estrus cycles and the
number of these cycles depends on the length of the
breeding season and goat breed. In goats, the length of
the estrus cycle is average 17 days but varying from 17
to 25 days. In this period, copulation usually occurs before ovulation, thus sperm are presented in the oviduct
and also stored in the cervix, up to 3 days, and are incessantly released into the uterus, where they survive for
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about 30 hours by this time. The embryo is implanted in
the uterus 18 to 22 days after the onset of estrus and the
length of gestation for the most breed of goats is an average of 144 days (Fatet et al., 2011; Ridler et al., 2012).
In goat breeding, determining the fertility characteristics of buck and doe has great importance for the
reproductive success of the herd. As our focus, determining the fertility of bucks carries the success of fertilization in goat breeding with replacing the missing parts
of reproduction for facilities.
Andrological Evaluation Examination
Although, numerous does are generally bred to
a single buck, male fertility has a great importance in
reproduction. Therefore, evaluation of male fertility
has a priority to reach breeding success (Gebre, 2007;
Chacon et al., 1999). In various studies, reproduction in
males determined mainly as affected by nutrition, genotype, season, management, and diseases (Dowsett &
Knott, 1996; Bielli et al.,2002; Karagiannidis et al., 2000).
For optimal production rates in farms, bucks with high
breeding abilities and genetic potential for rapid and efficient growth should be selected. These bucks can be
selected by the utilization of an andrological evaluation
examination protocol and can enhance the economical
value of the herd (Pezzanite et al., 2018). This protocol
also helps prevent infertility problems from forming in
a herd (Gebre, 2007; Goulet & Fthenakis, 2010). Andrological evaluation examination, also called breeding soundness examination (BSE), consists of a general
physical examination, assessment of mating ability,
and a genital tract examination of both the external
and internal genitalia (including scrotal circumference
measurement), and semen quality evaluation (Ridler et
al., 2012; Sathe & Shipley, 2014; Pezzanite et al., 2018).
Semen assessment which includes volume, motility, concentration, and morphology gives a general idea about
breeding potential as well as freezability of the sample.
Unlike bull andrological examination, buck andrological
examination criteria are not yet fully developed or commonly used (Chacon et al., 1999; Kennedy et al., 2002).
This evaluation should be done at least one month before the breeding season so that replacement can be
possible before it is too late (Gouletsou & Fthenakis,
2010). However, it should not be forgot that the success
of bucks of different ages and breeds undergoing andrological examination is variable.
Physical Examination
During the physical examination, mainly body condition score (BCS) and structural soundness are assessed
under international or local breed criteria. In addition
to these parameters, the history of the buck in terms
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of past diseases and breeding performance should be
evaluated systemically. BCS is scaled from 1 to 5 and
in terms of reproductive performance and efficacy, the
optimal is known to be 3 to 3.5 (Pezzanite et al., 2018;
Menegassi et al., 2014). It is also advised that the buck
starts the reproductive season with a 3.5 to 4 BCS, as
it will use a considerable amount of body weight during the breeding season (Gouletsou & Fthenakis, 2010).
The age has also a crucial role for male fertility; optimal
breeding age of bucks is considered to be 6 months to 4
years old (Sathe &Shipley, 2014). In terms of structural
soundness feet and legs have the utmost importance.
Along with the health of hooves; teeth and eyes are substantial parameters. Other diseases such as pneumonia,
internal or external parasites, and especially brucellosis should also be checked (Pezzanite et al., 2018). All
breeder males should be also tested serologically for the
following agents which are the main causes of infertility
in males: Actinobacillus seminis, A. actinomycetemcomitans, Histophilus ovis, Haemophilus spp., Corynebacterium pseudotuberculosis ovis, B. melitensis and Chlamidophila abortus (Sathe &Shipley, 2014). Additionally, in
order to protect the health of the herd and prevent possible aborts and orchitis, it is necessary to take precautions such as vaccination or the eliminating sick animals
from the herd against viral infections (Border Disease
(Pestivirus), Bluetongue (Orbivirus)) and parasitic infestations (Toxoplasmosis (Toxoplasma gondii)) that can be
related by copulation (Menzies, 2012; Goulet & Fthenakis, 2015).
Examination of Reproductive Organs
This stage of andrological examination includes observation and palpation of penis, prepuce, scrotum, testis, and epididymis as well as epididymal measurements.
Anatomically, the male reproductive system consists of a pair of extra-abdominally located testes suspended in the scrotum, a fibroelastic penis, and accessory sex glands. The testes are already placed in the scrotum at the time of birth (Gier & Marion, 1970). Testes
suspend vertically in the scrotum with the head of the
epididymis located at the proximal end of the testes and
its tail extending towards caudal poles. The testes of a
buck weigh approximately 130-160 grams each. Scrotal
circumference of a buck should be 28 cm and above, although it depends on various factors such as breed, age
and body weight (Ridler et al., 2012; Tibary, 2018). The
penis has a sigmoid flexure located caudal to the spermatic cord and an urethral process is located to project
2-3 cm beyond the glans penis (Sathe & Shipley, 2014).
Furthermore, bucks have all three accessory sex glands,
vesicula seminalis being the largest. The prostate is disseminated and surrounds the wall of the pelvic urethra.
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A pair of bulbourethral glands are situated caudal to the
prostate and on the dorsal surface of the urethra (Haigh,
2007). All observable parts of this system should be normal and in harmony with other body systems.
The prepuce and penis should be both inspected
visually and by palpation to make sure there are no signs
of injury, adhesions, or other pathologies. Palpation of
the accessory glands is not as easily done as in bulls;
however, it can be done using one or two fingers or by
transrectal ultrasonography (Tekin et al.,2019). Testicular traits are properties correlated with sperm production and animal fertility. Scrotal shape and content are
parameters closely related to fertility parameters (Gebre, 2007; Sathe &Shipley, 2014; Coulter & Foote, 1977;
Ott & Memon, 1980). During palpation of testicles and
scrotum; the testes should be firm, movable within the
scrotum, and similar in size. During this examination, epididymis should also be palpated in terms of any hardening or swelling as it can be an indicator of important diseases such as brucellosis. Scrotal circumference and testicular consistency are used to determine reproductive
capacity because the scrotal circumference is a method
of measuring testicular mass and when combined with
testicular consistency it can be an indirect indicator of
spermatogenetic capacity (Gebre, 2007; Ridler et al.,
2012; Sathe &Shipley, 2014; Gouletsou & Fthenakis,
2010; Daudu, 1984, Pezzanite et al., 2018; Filazi et al.,
2017) (Figure 1).

Figure 1: A: Testicular length measurement, B: Ultrasonographic
Imaging, C: Circumference measurement, D: Testicular thermography imaging (Daskin et al., 2015).

It was also shown that scrotal circumference is
correlated to both age and body weight, with the latter being more significant (Sathe &Shipley, 2014; Pezzanite et al., 2018). Recently additional procedures
have been introduced in this part of the andrological
evaluation. These procedures include ultrasonographic
imaging of the testes (Sathe &Shipley, 2014; Gouletsou
& Fthenakis, 2010). Up to date, ultrasonographic imaging has been used in bucks to determine testicular and
epididymal measurements and testicular degeneration
Livestock Studies

(Raji et al.,2016; Ahmad & Noakes, 1995)(Figure 1). Testicular echo-texture can be used to understand fertility.
Healthy, normal buck testes are homogenously echogenic (Ahmad et al.,1991). The mineralization within
the testicular parenchyma can be seen using ultrasonographic monitoring with dense hyperechoic areas and
acoustic shadowing (Ahmad & Noakes, 1995). Another
option was introduced to the examination of reproductive organs: Thermography. Even though no difference
in terms of scrotal temperature was observed among
bucks examined (Daskin et al., 2015), this method may
give insights about inflammation in the area (Figure 1).
Thus, further research on this topic is required.
Semen Analyses
Semen collection and analyses form the last part
of an andrological evaluation examination (Tirpan &
Tekin, 2015). There are two methods generally used for
collecting semen from the buck: using artificial vagina
or electro-ejaculator (Sathe &Shipley, 2014). Recently,
a novel semen collection method was also described:
Transrectal digital massage. In this method, after the
feces is removed from the rectum, the seminal vesicles
and ampulla are located. On this part of the reproductive organs, back and forth vigorous motion is applied
and is continued for up to 5 minutes and thus semen is
collected (Tekin et al.,2017). It is the best time to collect
semen is during the breeding season. For the artificial
vagina method, the artificial vagina should consist of
a hose 20-25 cm in length and 5 to 7 cm in diameter,
with a rubber liner. It is critical to have the interlining
lubricated, with the temperature of the artificial vagina approximately 39 ℃. As the buck mounts the doe,
his penis is gently guided inside the artificial vagina. It
is also important to an artificial vagina to have optimal
pressure. The glass collecting tube warm also should be
kept 37 ℃ to avoid cold shock until the semen evaluation. (Sathe &Shipley, 2014; Hafez &Hafez, 2000). In the
other method, electroejaculation is usually preferred in
bucks that are not trained for the artificial vagina. This
is an easy to use method for the practitioner if the animal is well restrained or sedated, however, the semen
sample obtained is not always in the optimal state. The
electro ejaculator procedure is applied by putting a bipolar electrical probe into the buck’s rectum. Low voltage electrical stimulation is given for 2 to 4 seconds at
10 to 20 seconds interim until ejaculation occurs. The
sample collected using this method may be tainted with
urine, may have a high volume but low concentration or
higher concentrations of sodium and potassium (Sathe
&Shipley, 2014). Semen volume varies considering the
collection method. Fewer volumes are provided from
artificial vagina comparing to electroejaculation collec-
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tions. However, the electroejaculation method has several disadvantages as mentioned before.
Semen quality is mainly determined by the evaluation of spermatozoa motility, concentration, and morphology (Ott &Memon, 1980). In general, the minimal
standards for the classification of buck semen samples
are at least 85% motility, less than 10% morphological
abnormalities, 6 to 10 x 108 sperm per ml, and at least
0.5 to 2 ml per ejaculate. A single test does not accurately predict the fertility of the sperm sample, but examining the various physical properties of the sperm
can help determine the fertility potential (Kimberling,
1984; Hafez & Hafez, 2000; Tibary, 2018). In addition, semen evaluation grants a general idea of testicular and
epididymal function, allowing the prevention of housing
an infertile or subfertile animal (Gebre, 2007; RodriguesMartinez, 2003).
Beside all these classical methods, semen evaluations are mostly carried out by ancillary evaluation
methods (computer-assisted semen analyse system and
flow cytometry etc.) (Gürler et al.,2012).
Ancillary Semen Evaluation Methods
Various methods have been used to evaluate sperm
ancillary. Some of them are electron microscopy, sperm
chromatin structure assay (SCSA), flow cytometry, and
computer-assisted semen analyses system (CASA). Flow
cytometry and CASA are two methods that used commonly and enable sperm to be examined in many ways
in detail (Hafez & Hafez, 2000, Korkmaz & Cil, 2020) (Figure 2).

Computer Assisted Semen Analyses (CASA)
CASA is a functional and useful method to reveal
sperm populations and subpopulations in an ejaculate.
Determination of motility and kinetic parameters of
sperm in the ejaculate shows whether they are suitable for freezing and insemination (Tsakmakidis, 2010).
These parameters obtained with CASA have been associated with fertility in many studies. The main parameters
we can obtain regarding sperm populations with CASA
are total motility, progressive motility, VAP (Average
path velocity), VSL (Progressive velocity), VCL (Curvilinear velocity), BCF (Beat frequency), STR (Straightness),
LIN (Linearity), ALH (Lateral head amplitude), etc. values. These parameters give us an idea of the sperm ability for fertility, and the power of advance in the female
genital tract (Hirano et al., 2001). When evaluating goat
sperm in the CASA system, the point to be considered
to obtain an objective result is the selection of specific
settings for the buck. However, the values that obtain
from the assessment from these systems should be evaluated with minimum and maximum limits for buck semen (Palacin et al., 2013; Tekin & Daşkin, 2016; Anand et
al., 2016).
Flow Cytometry
Flow cytometry is often used in andrology laboratories to use for sperm concentration, plasma membrane and acrosome integrity, apoptosis, mitochondrial
membrane potential, the capacitation, oxidative stress,
lipid peroxidation, DNA integrity analyzes (Korkmaz &
Cil 2020). The purpose of these analyzes is to determine the quality of sperm like all other analyzes. Flow
cytometry allows the objective, rapid and simultaneous
analysis of several properties in a large number mass of
spermatozoa, suggesting that the results of flow cytometric analysis may allow the estimation of the fertility
of a semen sample. The results to be obtained from flow
cytometry analysis make it easy to estimate the fertility
of the semen sample with its reliable and rapid values
(Peterson et al., 2007; Tsakmakidis, 2010).
Assisted Reproductive Techniques

Figure 2: A-B: CASA morphometry and motility analysis, C: Flow
cytometric PMAI (Plasma membrane and acrosome integrity)
analysis, D: Flow cytometric MMP (Mitochondrial membrane
potential) analysis.
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Up-to-date, assisted reproductive techniques frequently used in goats include; synchronization of estrus
and ovulation, estrus detection methods, and different
insemination techniques. Controlling the reproduction
of goats by inducing ovulation via hormonal treatments,
manipulation of photoperiod, modulation of estrus cycles brings it about group kidding over a limited period
(Sathe &Shipley, 2014). Goat reproduction management
presents these main advantages; synchronizing pregnancies to form a kidding period in a selected season
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and management of genetic resources (Sathe &Shipley,
2014).
Although all of the artificial insemination methods
used in goats have their advantages and disadvantages, the methods used can be listed as follows: vaginal,
cervical, transcervical, and laparoscopic, or intrauterine (Daskin et al.,2016). In goats, artificial insemination is usually performed using fresh semen because of
the hardships faced during freezing or chilling semen
(Chesh et al., 2012). When processing goat semen Trisegg yolk-based extenders are most commonly using
agents. Since semen cryopreservation is a valuable technique for goat production allowing semen to be stored
for later use (Konyalı et al., 2013), researchers are still
trying (1) different extenders (Roof et al., Küçük et al.,
2014; Yodmingkwan et al., 2016), (2) freezing protocols
(Küçük et al., 2014; Salmon et al., 2017; Inanç et al.,
2017) and (3) additives (Konyalı et al., 2013; Salmon et
al., 2017) to increase cryo survival of goat semen. If the
doe is synchronized; the optimal timing for insemination, including laparoscopic procedure, is usually around
45 hours after progestagen device removal (Cseh et
al., 2012). Artificial insemination in goats results in acceptable pregnancy rates when fresh semen is used for
vaginal or intra-cervical insemination and frozen semen
is used for trans-cervical intrauterine or laparoscopic
insemination. Insemination with fresh semen results in
pregnancy rates close to natural mating while cervical
insemination with frozen semen does not yield satisfactory results (Tırpan et al., 2017; Tırpan et al.,2019). With
the laparoscopic insemination technique recently developed, better and more consistent pregnancy rates may
be achieved even with frozen semen. Cervical insemination is the most preferred method in goats (Cseh et
al., 2012).

Conclusions
In conclusion, the usage of the andrological examination technique carries the utmost importance in the
selection of breeder bucks. The common herd reproductive systems have been used in goat breeding is uncontrolled natural breeding. In such systems, bucks and does
are kept together in the same environment regardless of
their reproductive characteristics. One step further, in
herds where limited controlled natural mating is applied,
goats are selected as breeders according to their phenotypic features. However, a little attention is given to
the fertility characteristics of the female, and the male
andrological and spermatological evaluation can bring
success. With enhancing technology; ultrasonography,
thermography, computer-assisted methods, and flow cytometry devices finding their place among andrological
examinations aid in the better determination of bucks’
Livestock Studies

breeder values. By means of these technologies integrating with andrological examination systematics, parameters such as genetic advance, determination of hereditary and contagious diseases, litter size, estimation of
breeding value can be determined more healthily and
contribute to the breeding of animals of economic value.
The semen collected from bucks of which breeding values are revealed by innovative techniques can be used
to inseminate females and reaching genetically superior
herds is simplified. With this vision in mind, future research in determining easily applicable technologies and
forming a species-specific database should be pursued.
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