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Abstract. The introduction of artificial insemination (AI) and embryo transfer
(ET) in Mongolian cashmere goats during the 1980s marked a key step toward
enhancing national goat breeding efforts. This review evaluates the implementa-
tion, outcomes, and synchronization methods currently used in both cashmere
and dairy goat Al and ET programs in Mongolia. Estrus and ovulation synchro-
nization are essential for ensuring precise timing and improving the success of
fertilization and implantation. The review focuses on various hormonal protocols,
including progesterone-based (CIDR devices), prostaglandin-based, and com-
bined methods. These are assessed for their effectiveness in managing reproduc-
tive cycles and enhancing fertility outcomes. Progesterone-based protocols are
particularly noted for their reliability in controlling estrus and ovulation, while
prostaglandin and combined approaches contribute to synchronization accuracy.
Effective application of Al and ET technologies depends not only on hormonal
treatments but also on proper management of recipient does. This paper offers
practical insights for breeders and stakeholders aiming to improve reproductive
efficiency. It also addresses challenges unique to Mongolia’s extensive pastoral
systems, such as logistical constraints and low adoption rates among nomadic
herders. By highlighting synchronization techniques and offering strategies for
their practical use, this review supports the advancement of reproductive tech-
nologies in Mongolia. Improving Al and ET practices can significantly contribute
to the sustainable development and productivity of the Mongolian goat and sheep
industry.
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1 Introduction

Internationally, artificial insemination (Al) in goats is primarily performed using two
techniques: laparoscopic insemination and transcervical insemination [1]. Laparo-
scopic insemination, while capable of achieving higher pregnancy rates, requires skilled
professionals—typically veterinarians or individuals working under veterinary super-
vision—due to the need for minor surgical procedures and anesthesia [2]. In contrast,
cervical and transcervical insemination are more accessible, allowing producers to learn
and perform the procedure themselves without the need for surgery or anesthesia [3].

Al was first introduced in Mongolia in 1943, initially focusing on the genetic im-
provement of Orkhon sheep. Over time, Al and embryo transfer (ET) programs ex-
panded to improve various breeds, including the Khangai breed, Eruu, the Tal nutgiin
tsagaan sub-breeds, and Mongol cashmere goats. From 1980 to 1999, researchers de-
veloped embryo flushing and cryopreservation techniques, leading to the introduction
of deep-frozen embryos in Mongolian cashmere goats. During this period, two different
ET methods—surgical and laparoscopic—were tested, with fertility rates of 33% for
the surgical method and 53.8% for the laparoscopic method [1].

Since 2007, alongside the development of crossbred dairy goats in Mongolia, re-
searchers at the Research Institute of Animal Husbandry (RIAH) pioneered Al pro-
grams using a CIDR-based synchronization method. Deep-frozen semen from Zaanen
and Alpine goats, imported from the Republic of Cuba, was used, achieving a notable
conception rate of 40% [4].

2 Methods

2.1  Estrus Synchronization

Successful ET programs necessitate effective management of both donors and recipi-
ents. To achieve desired embryo yields, donor goats undergo estrus synchronization,
superovulation, and Al. A number of useful methods are available to producers for es-
trus synchronization in goats during the breeding season. These include progesterone-
based or prostaglandin-based protocols as well as combined methods utilizing both pro-
gesterone- and prostaglandin-based treatments.

A. Progesterone-based Synchronization

Established superovulation protocols for goats include CIDR treatment, PGF or PGF-
analog injection, follicle stimulating hormone (FSH) administration for follicular de-
velopment, and GnRH treatment to induce ovulation [4;5]. The most effective methods
for detecting estrus in pasture-based goats and sheep among Mongolian nomadic herd-
ers involve utilizing teaser bucks and rams during their natural estrous cycles for Al
Established superovulation and estrus synchronization protocols for goats commonly
include the use of intravaginal progesterone-releasing devices, such as controlled inter-
nal drug release (CIDR) inserts, in combination with prostaglandin F2a (PGF2a) or its
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analogs to regress the corpus luteum (CL), follicle stimulating hormone (FSH) to stim-
ulate follicular development, and gonadotropin-releasing hormone (GnRH) to induce
ovulation [4;5]. This combination has proven to be effective for fixed-time artificial
insemination (FTAI) and embryo transfer (ET) programs in goats [4].

Typically, CIDR devices are inserted for 11 to 14 days, followed by PGF2a admin-
istration either at CIDR removal or 24 hours prior, to ensure luteolysis. FSH is then
administered in decreasing doses over a 3—4 day period before CIDR removal to stim-
ulate multiple follicle development. GnRH is given at the time of insemination or
shortly before to induce synchronized ovulation [6;7].

In the context of Mongolian pastoral systems, estrus detection continues to rely heav-
ily on teaser bucks and rams, particularly due to their ability to identify females in nat-
ural heat under extensive grazing conditions. However, when artificial insemination is
implemented—especially via laparoscopic techniques—synchronized estrus is essen-
tial to achieve acceptable fertility rates and facilitate the scheduling of Al procedures
in remote field conditions [8;9].

Table 1. Progesterone-Based Synchronization Protocol

Day Treatment/Procedure
Day 0 Insert CIDR (Controlled Internal Drug Release device)
Day 11-14 | Remove CIDR
Day 12-16 | Administer PGF:a + FSH (decreasing doses)
Day 17-19 | Administer GnRH + Perform Al (Fixed-Time or Observed Estrus)

Note: eCG may be used instead of FSH for improved follicular response in some case

This standardized protocol helps ensure better control over reproductive timing, espe-
cially when coordinating large-scale Al or embryo transfer efforts in extensive range-
land systems. Modifications to this scheme may include eCG (equine chorionic gonad-
otropin) instead of or in combination with FSH to enhance follicular response and ov-
ulation rate, particularly in anestrous or low-cycling females [10].

B. Prostaglandin-Based Synchronization Protocols

Prostaglandin-based synchronization protocols are widely used in goats and sheep to
induce luteolysis and synchronize estrus in females that are actively cycling. These
protocols are based on the administration of prostaglandin F.a (PGF:0a) or its synthetic
analogs, such as cloprostenol, which regress the corpus luteum (CL), allowing the ani-
mal to return to estrus in a predictable timeframe [8;11].

For effective synchronization, it is critical that the animals possess a functional CL
at the time of treatment, typically between days 5 to 14 of the estrous cycle. A single
injection of PGF20 will induce estrus within 2—5 days in about 60—70% of cyclic fe-
males. However, to increase synchronization precision, a two-injection protocol is often
used. This involves administering two PGF2a doses 9 to 11 days apart, ensuring that all
animals are in the luteal phase at the time of the second injection, thereby maximizing
luteolysis and synchrony of estrus [12;13].
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In practice, estrus typically occurs 36 to 72 hours after the second injection, making
it possible to apply either observed estrus-based or fixed-time artificial insemination
(Al) protocols. This approach is especially useful in pasture-based systems and regions
with limited access to hormonal devices like CIDRs, as is often the case in extensive
Mongolian herding systems.

Table 2. Prostaglandin-Based Synchronization Protocol

Day Treatment/Procedure
Day 0 First PGF-a injection
Day 9-11 Second PGF-a injection
Day 11-14 Estrus detection or Al

Note: Effective only in cyclic females with functional corpus luteum

This protocol is relatively simple and cost-effective, making it suitable for field use.
However, its effectiveness is limited in anestrous females or in out-of-season breeding,
as PGF:a is only effective when a CL is present. To overcome this, PGF:a-based pro-
tocols may be combined with progesterone or eCG to stimulate ovulation in non-cy-
cling animals [9].

In the Mongolian context, where natural breeding with teaser males is still a corner-
stone of reproductive management, prostaglandin-based protocols can serve as an in-
termediate strategy—enhancing estrus predictability and enabling targeted Al efforts
during the natural breeding season.

C. Combined Protocols

Combined synchronization protocols integrate multiple hormonal treatments—most
commonly progesterone, prostaglandin F.a (PGF2a), equine chorionic gonadotropin
(eCG), and gonadotropin-releasing hormone (GnRH)—to achieve tighter control of the
estrous cycle and ovulation timing. These protocols are particularly beneficial for fixed-
time artificial insemination (FTAI) and embryo transfer (ET) programs in both cycling
and non-cycling (anestrous) goats.

The use of progesterone devices (CIDR or sponges) provides a temporary luteal
phase that suppresses follicular development. Upon device removal, PGFa is admin-
istered to ensure luteolysis, while eCG stimulates follicular growth and estrus expres-
sion, especially during the non-breeding season when endogenous gonadotropin levels
are low. In some protocols, GnRH is administered at specific time points to induce
ovulation and synchronize the LH surge, facilitating precise timing of AI [11;14].

These integrated approaches have been shown to improve conception rates, particu-
larly in extensive production systems or regions like Mongolia, where managing indi-
vidual estrus detection is challenging. They also enable synchronization outside the
natural breeding season and in animals with variable reproductive statuses.

Table 3. Combined Synchronization Protocol

Day | Treatment/Procedure
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Day 0 Insert CIDR + Optional GnRH injection (in some Ovsynch proto-
cols)

Day 9-11 Begin FSH or eCG injections for superovulation

Day 11 Remove CIDR + Administer PGF-a

Day 13—14 | Administer GnRH + Perform Fixed-Time Al
Note: Variations include modified Ovsynch-style timings depending on target ovula-
tion window.

In a modified Ovsynch-like protocol for goats, GnRH is administered at the time of
CIDR insertion and again 3648 hours after removal, with PGF.a given mid-way
through the protocol. This further enhances ovulation control and Al timing [9;15].

Combined protocols are highly adaptable and can be tailored to specific management
goals, seasons, and animal physiological states. Their flexibility makes them the
method of choice for synchronization in large-scale breeding programs that require pre-
dictable ovulation and efficient Al logistics.

3 Practical applications and challenges

The implementation of synchronization protocols in Mongolian goats presents unique
challenges due to the extensive pastoral management systems and the limited availabil-
ity of veterinary services. However, the adoption of effective synchronization methods
can significantly enhance the success rates of Al and ET programs. The use of teaser
bucks and rams for natural estrus detection remains a practical approach for nomadic
herders. Combining this with hormonal synchronization protocols can optimize breed-
ing outcomes.

4 Embryo transfer in goats (ai and et)

Although ET procedures in cattle are typically transcervical (nonsurgical), goats often
require laparotomy (abdominal surgery) or laparoscopy for both embryo recovery and
transfer [16]. While some nonsurgical methods for embryo recovery in goats have been
reported [17], laparoscopic recovery remains common. Producers interested in imple-
menting an ET program should collaborate with experienced veterinarians for on-farm
procedures.

For embryo flushing in Mongolian goats, the most successful results were observed
with the 1 and scheme 2, both of which were CIDR-based. In these schemes, the number
of oocytes and normal embryos per donor averaged 9.4 and 7.4 for Scheme 1 and 14.8
and 9.1 for Scheme 2, respectively. Subsequently, the fresh embryos were transferred
into the recipients, resulting in an average conception rate of 82.7% and a birth rate of
58.3%. However, the conception rate for those using deep-frozen embryos averaged
33.3%[1].
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5 Future directions

Future research should focus on optimizing synchronization protocols for different
breeds and management systems in Mongolia. The development of cost-effective and
easily implementable protocols will be crucial for the widespread adoption of Al and
ET technologies

6 Conclusion

The review highlights the importance of estrus and ovulation synchronization protocols
in improving the success rates of Al and ET programs in Mongolian goats. Progester-
one-based, prostaglandin-based, and combined protocols each offer unique advantages
and can be tailored to suit different management systems. By adopting effective syn-
chronization methods, goat breeders in Mongolia can achieve higher fertility rates, op-
timize breeding practices, and contribute to the sustainable growth of the goat industry.
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Open Access This chapter is licensed under the terms of the Creative Commons Attribution-
NonCommercial 4.0 International License (http://creativecommons.org/licenses/by-nc/4.0/),
which permits any noncommercial use, sharing, adaptation, distribution and reproduction in any
medium or format, as long as you give appropriate credit to the original author(s) and the
source, provide a link to the Creative Commons license and indicate if changes were made.

The images or other third party material in this chapter are included in the chapter's
Creative Commons license, unless indicated otherwise in a credit line to the material. If material
is not included in the chapter's Creative Commons license and your intended use is not
permitted by statutory regulation or exceeds the permitted use, you will need to obtain
permission directly from the copyright holder.
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