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Abstract

The use of artificial insemination (A1) in sheep breeding poses both considerable obstacles and exciting prospects. This
research delves into the complexities of artificial insemination, focussing on factors influencing fertility rates, semen
handling techniques, and the effect of hormone treatments on reproductive success. Several studies reveal that the
success of Al is dependent on ideal sperm quality, which can be negatively impacted by cryopreservation procedures;
for example, the concentration of sperm upon freezing has been found to influence post-thaw quality and subsequent
reproductive outcomes in sheep. Furthermore, the method of insemination used - whether cervical or laparoscopic - is
important, with laparoscopic techniques frequently providing greater pregnancy rates due to their ability to avoid
anatomical challenges presented by the ewe's cervix. Furthermore, synchronising oestrus with hormonal therapies,
such as oxytocin or equine chorionic gonadotropin (eCG), has been found as a critical element in improving the timing
and efficiency of Al. However, the unpredictability in conception rates is still a problem, with reported statistics
ranging from 20% to 70% depending on the procedures used and the settings under which Al is conducted.
Environmental influences, such as temperature and stress, impair reproductive results, especially in the vital early
phases of embryo development. The aim of this review is to summarise current research in order to identify best
practices and new opportunities for improving the efficacy of Al in sheep breeding.
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INTRODUCTION Faigl et al., 2012). Artificial insemination is

pivotal in sheep breeding for genetic
Artificial insemination (Al) is an important  advancement and productivity advancement.
reproductive  tool in livestock breeding, The use of Al facilitates use of genetically
enabling the genetic enhancement of multiple superior rams, hence significantly enhancing
species, including sheep. The technique entails the genetic quality of the offspring. This is
the deliberate introduction of sperm into a  particularly important in ovine husbandry,
female's reproductive tract to facilitate =~ where conventional breeding techniques may
conception without natural mating. Al has  yield restricted genetic diversity and
transformed livestock breeding by facilitating  diminished genetic advancement. Through the
the swift distribution of better genetics, application of Al, breeders can more swiftly
therefore improving production and genetic  include desirable traits, including enhanced
diversity in herds. The efficacy of artificial wool quality, disease resistance, and superior
insemination is dependent on various  reproductive performance (Sitepu et al., 2023;
parameters, including semen quality, the time  Faigl et al., 2012). Additionally, AI can
of insemination in relation to the female's mitigate inbreeding concerns by allowing the
oestrus cycle, and the skill level of the  introduction of genetic material from distant
inseminator (Paul, 2024; Sitepu et al., 2023; populations, hence enhancing the overall
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genetic diversity (Khandoker, 2023; Putri et al.,
2021). Research indicates that pregnancy rates
linked to artificial insemination in sheep may
fluctuate, although under optimal settings, they
can attain considerable levels. Artificial
insemination pregnancy rates in sheep can vary
from 26% to 61%, influenced by factors
including the timing of insemination and the
quality of the frozen semen utilised (Sitepu et
al., 2023; Jha et al., 2020). The adoption of
fixed-time artificial insemination (FTAI)
procedures has improved the efficacy of
artificial insemination by synchronising oestrus
in ewes, facilitating more accurate insemination
timing and potentially elevating conception
rates (Negreiros et al., 2020; McCappin &
Murray, 2011). The economic ramifications of
Al in sheep breeding are significant. The cost-
effectiveness of artificial insemination relative
to natural mating is significant, as it diminishes
the necessity for maintaining numerous rams
and facilitates the utilisation of superior frozen
semen from elite rams, which can be
transported over extensive distances without
compromising viability (Asaduzzaman et al.,
2021). This not only reduces operational
expenses but also allows farmers to obtain
superior genetics that would otherwise be
inaccessible in their local breeding populations
(Paul, 2024; Asaduzzaman et al., 2021; Siti &
Rachmawati, 2024; Faigl et al., 2012). Besides
genetic and economic advantages, Al also
enhances the health and welfare of sheep
populations. Al diminishes the necessity for
physical interaction among breeding animals,
hence mitigating the possibility of disease
transmission, a critical consideration in densely
populated agricultural settings (Morrell et al.,
2022; Faigl et al., 2012). Moreover, the
capacity to select for particular features via Al
can result in healthier and more resilient sheep,
capable of thriving in various environmental
conditions (Paul, 2024; Putri et al., 2021; Sarini
et al., 2023; Musriati et al., 2024; Sirajuddin et
al., 2018). The implementation of modern
technology, including laparoscopic
insemination procedures, has been proven to
further improve conception rates, underscoring
the necessity for constant improvement and
adaptability in Al methodologies (McCappin &
Murray, 2011; Faigl et al., 2012).
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The aim of this review is to analyse the
challenges and opportunities associated with
artificial insemination in sheep breeding by
evaluating factors affecting fertility, semen
handling techniques, insemination methods,
and hormonal synchronization.

MATERIALS AND METHODS

The materials for this review were collected
through a systematic search of academic
databases such as PubMed, ScienceDirect, and
Google Scholar, using key words such as
"artificial insemination in sheep", '"semen
handling techniques", and "fertility factors in
ovine reproduction". The selected papers
were evaluated based on their relevance,
publication date, and methodology and the
retrieved data were compared to highlight the
field's challenges and potential.

RESULTS AND DISCUSSIONS

Factors influencing Al success in sheep
Semen quality and handling techniques
Sperm quality is a crucial factor influencing
reproduction results in various species,
including livestock and humans. High-quality

sperm, defined by superior motility,
morphology, and membrane integrity, is
positively  associated ~ with  successful

fertilisation rates (Zeng et al., 2021; Elmagd et
al., 2022). Research indicates that sperm
motility is a crucial predictor of fertility, with
enhanced mass sperm motility correlating with
elevated fertility rates in sheep (David et al.,
2015). The integrity of DNA is crucial, since
fragmentation can  negatively impact
fertilisation ~ potential and  subsequent
embryonic development (Gonzéalez-Marin et
al.,, 2012). Cryopreservation substantially
affects sperm viability, frequently resulting in
diminished motility and vitality after thawing.
The freezing process can cause oxidative stress
and lipid peroxidation, undermining sperm
membrane integrity and functionality (Perumal
et al.,, 2010; Jiménez-Rabadan et al., 2016).
Studies demonstrate that including antioxidants
in the cryopreservation process can alleviate
adverse effects, hence improving post-thaw
sperm quality (Perumal et al., 2010; Perumal et
al., 2013). The concentration of sperm during



freezing is critical; elevated concentrations can
increase the probability of preserving viable
sperm after thawing, thereby improving
reproductive results (Madeddu et al., 2024).

Insemination methods

Cervical and laparoscopic inseminations are
two common techniques for artificial
insemination (AI) in sheep, each possessing
unique benefits and drawbacks. Cervical
insemination (CAI) is less intrusive and more
economical, making it accessible to numerous
breeders. The anatomical limitations of the
ewe's cervix, marked by its small and
convoluted configuration, frequently limit
efficient semen deposition, resulting in reduced
conception rates, generally under 30% with
frozen-thawed semen (Richardson et al., 2019;
Alvarez et al, 2019). Laparoscopic
insemination (LAI) facilitates direct
intrauterine semen deposition, circumventing
cervical barriers, which may significantly
enhance fertility outcomes, especially with
suboptimal sperm quality (El-Badry, 2014;
Sathe, 2018). Research indicates that LAI can
attain conception rates over 70% under ideal
circumstances (Masoudi et al., 2017; McCappin
& Murray, 2011). Various strategies can be
utilised to enhance insemination efficiency.
Synchronisation methods, including
progesterone-CIDR, can optimise ovulation
time and augment conception rates (Moreira et
al., 2023; Alvarez et al., 2019). Furthermore,
maintaining high-quality sperm via appropriate
cryopreservation methods and reducing
oxidative stress during storage are essential for
optimising post-thaw viability (Biilbiil et al.,
2024). Moreover, innovations in transcervical
methods, including the surgical excision of
cervical folds, could enhance accessibility and
elevate pregnancy rates (Pau et al., 2020).
Although LAI presents enhanced fertility
potential, the decision between CAI and LAI
must take into account aspects such as expense,

necessary skills, and particular breeding
objectives.
Hormonal synchronization and fertility
regulation

Hormonal therapies, such equine chorionic
gonadotropin (eCG) and oxytocin, are crucial
for oestrus synchronisation in sheep. eCG is
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frequently employed to promote follicular
maturation and induce oestrus, whilst oxytocin
can aid in uterine contractions and boost
reproductive results after insemination (Silva et
al., 2020; Souza et al., 2021). The efficacy of
these hormonal treatments can result in
synchronised oestrus, facilitating enhanced
breeding control and elevated lambing rates
(Souza et al., 2021). The influence of hormone
regimens on reproductive outcomes is
significant. Research indicates that the
administration of eCG alongside progestogens
can markedly enhance the proportion of ewes
displaying oestrus and increase the conception
rates (Mohan, 2023; Quintero-Elisea et al.,
2011). Hormonal therapies can prolong and
intensify oestrus, which are essential for
successful mating (Mohan, 2023). Nonetheless,
fluctuations in conception rates may arise
depending on the synchronisation techniques
utilised. Research demonstrates that certain
treatments attain high synchronisation rates (up
to 100%), whilst others may produce lower
rates influenced by factors such as individual
animal responses, ambient conditions, and
nutritional status (Souza et al., 2021; Wu et al.,
2022).

Challenges and future directions

Regarding challenges, heat stress significantly
impacts fertility and embryonic development in
livestock, especially in sheep and cattle.
Increased temperatures can negatively impact
oocyte maturation, fertilisation, and subsequent
embryonic development. Research indicates
that exposure to temperatures between 39.5-
41.0°C during the initial phases of in vitro
culture (IVC) can diminish the growth rates of
bovine embryos, resulting in decreased
blastocyst formation rates (Alves et al., 2013;
Namekawa et al., 2010). Moreover, heat stress
can interfere with follicular dynamics, leading
to a decrease in viable follicles and diminished
reproductive success (Ratchamak et al., 2022;
Ratchamak et al., 2021).

Proper nutrition reduces certain adverse effects
of heat stress by enhancing metabolic processes
and preserving overall health (Feugere et al.,
2022; Ortega et al., 2016). Effective
management strategies, including the provision
of shade, sufficient water, and nutritional
supplements, can bolster resilience to heat



stress and promote reproduction rates
(Ratchamak et al., 2021; Crews et al., 2015).
Implementing stress reduction measures is
crucial for enhancing artificial insemination
(AI) results. Methods include environmental
changes dietary interventions, and the
administrations of stress-relieving supplements
such as melatonin have demonstrated potential

in  enhancing  reproductive  efficiency
(Ratchamak et al., 2022; Ortega et al., 2016).
Producers can improve the reproductive

performance of their flocks by addressing
environmental and dietary issues, especially
during heat stress periods.

The future of artificial insemination (AI) in
sheep is set for substantial progress, especially
in semen preservation methods, laparoscopic
technology, genetic selection, and
comprehensive optimisation methodologies.
Innovations in cryopreservation procedures,
such as the use of novel cryoprotectants and
antioxidants, are essential for improving the
viability of frozen-thawed semen. Recent
studies indicate that the use of antioxidants
during freezing can reduce oxidative stress,
enhancing post-thaw motility and fertility rates
(Pelayo et al.,, 2019; Yang, 2024). The
investigation of different cryoprotectants may
improve sperm viability during freezing and
thawing, resulting in superior outcomes in
artificial insemination programs (Akter et al.,
2020).

Laparoscopic Al has already exhibited higher
conception rates compared to conventional
cervical insemination. Future advancements
may concentrate on improving laparoscopic
procedures to diminish invasiveness and
facilitate use, possibly integrating real-time
imaging technology to augment precision
during insemination (Akter et al., 2020).
Investigating the optimisation of insemination
timing in relation to ovulation is essential,
especially when utilising frozen-thawed semen,
which has a restricted viability period (Akter et
al., 2020). The genetic selection of traits that
improve compatibility with Al is an increasing
area of interest. Identifying and choosing
genetic markers linked to reproductive
efficiency, semen quality, and fertility can
substantially enhance flock productivity
(Pelayo et al., 2019; Yang, 2024; Nosrati et al.,
2018; Gheorghe-Irimia, 2023). Genome-wide
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association studies (GWAS) have identified
candidate genes associated with reproductive
traits, which can guide breeding programs to
improve artificial insemination success rates
(Yang, 2024; Nosrati et al., 2018). Ongoing
research is crucial for enhancing Al procedures.
This involves examining the impact of
environmental variables, such as thermal stress,
on reproductive efficacy and assessing
nutritional approaches that may improve
fertility during artificial insemination (Narayan
et al., 2018; Boareki et al., 2021; Gheorghe-
Irimia, 2024; Sonea et al., 2023a; Sonea et al.,
2023b). Furthermore, the combination of
genomic selection with conventional breeding
methodologies might accelerate  genetic
advancements and enhance the general
resilience of sheep populations (Zhang et al.,
2023; Li et al., 2020).

CONCLUSIONS

Artificial insemination (AI) has significantly
progressed sheep breeding by facilitating
genetic enhancement, boosting productivity,
and augmenting genetic diversity. Despite all of
its advantages, Al encounters significant
obstacles, including fluctuations in conception
rates, deterioration of semen quality owing to
cryopreservation, and the complicated nature of

insemination methodologies. The
implementation of hormonal synchronisation
and enhanced insemination techniques,

especially laparoscopic artificial insemination,
has facilitated the optimisation of conception
rates; yet environmental and management
aspects remain pivotal to reproductive success.
Continuous research is essential for improving
semen preservation methods, advancing
artificial  insemination  procedures, and
discovering  genetic markers linked to
reproductive effectiveness. Moreover,
mitigating ~ environmental  stresses  and
optimising nutritional management can further
improve Al results in sheep breeding. Through
the integration of technical improvements and
optimal management techniques, Al can remain
a crucial instrument for sustainable and
effective sheep reproduction, guaranteeing
economic viability and genetic advancement
within the industry.
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