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INTRODUCTION 

 

Continuity of animal production and increase in yield in animal 

husbandry is possible by providing a fast and sustainable 

reproductive performance. In the sheep and goat industry, it 

is necessary to improve the genetic material and spread the 

male and female genotypes in order to increase the yield per 

animal and to obtain high-yielding offsprings. For this purpose, 

many continuously developing new reproductive 

biotechnological methods/assisted reproduction techniques 

are used in small ruminant breeding that play an important role 

in the production and management of sheep and goats. By 

means of these techniques, it is possible to accelerate animal 

breeding, to increase the productivity levels of animals, and to 

obtain new gene sources reliably. Today, embryo production 

and transfer is one of the most important assisted 

reproductive techniques that increases the rate of genetic 

progression in sheep and goat breeding (Ishwar and Memon 

1996; Karakas Alkan 2021; Tekeli et al. 2021). Within this 

scope, information about in vivo embryo production in sheep 

and goat breeding will be presented in this chapter. 

 

Embryo Transfer 

 

Embryo transfer is an assisted reproductive technique that 

involves the transfer of numerous embryos from genetically 

superior parents to recipients (Gibbons and Cueto 2011, 

Widayati 2012). Embryo transfer can be performed after fresh 

or frozen/thawed embryos collected from the genital tract of 

the donor animals (in vivo) or obtained under laboratory 

conditions (in vitro) (Cognie et al. 2003; Amiridis and Cseh 

2012; Tekeli et al. 2021). 

 

The Importance of Embryo Transfer 

 

Embryo transfer technology provides solutions for many issues 

such as rapid spread of genotypes or high yielding new breeds, 

shortening of the generation interval, reducing the risk of 

spreading diseases, enable generations to easily adapt to 

different production and administrative systems, obtaining sex-

determined offspring and advanced biotechnological method 

such as in vitro fertilization, cloning, transgenesis and 

micromanipulation of the embryos. Also, it is possible to 

collect 4-6 times higher the number of embryos from a 

superior donor in a year through this method (Gibbons and 

Cueto 2011; Amiridis and Cseh 2012). 

The first embryo transfer in sheep and goats was carried out 

about 90 years ago (Warwick et al. 1934). Later, 19 embryos 

with 2-16 cells were transferred to 18 recipient sheep for the 

first time by Hunter et al. (1955) and 8 lambs were born alive. 

These applications founded the basis of surgical embryo 

transfer in sheep and goats (Ishwar and Memon 1996). Sugie 

and his team made important developments in the field of 

biotechnology in sheep and goats in their studies in the 1960s 

but they could not share their findings with other researchers 

due to language problems (Betteridge 2003; Grazul-Bilska et al. 

2006). During last 30 years, embryo transfer technology has 

been widely applied in many countries around the world in 

order to increase the number of animals with high genetic 

potential regarding milk, meat, wool and mohair production 

(Gibbons and Cueto 2011). 

Embryo transfer applications are controlled by International 

Embryo Technology Society (IETS) and all information is 

collected by this center. This center records fresh and 

frozen/thawed embryo transfers in farm animals. IETS reports 

that 32,000 embryos were produced in vivo in sheep and goats 

in 2019 (Viana 2020). 

 

In Vivo Embryo Production 

 

In recent years, multiple ovulation and embryo transfer 

(MOET) technique has played an important role in the 

breeding and reproduction of farm animals in the world, and 

beneficial results have been obtained through this application. 

This method also allowed the creation of genetically superior 

herds and the development of appropriate freezing 

procedures in order to protect these gene resources 

(Lehloenya 2008; Gibbons and Cueto 2011; Karakas Alkan 

2021). 

In vivo embryo production in sheep and goats includes stages 

such as donor selection, synchronization, superovulation and 

fertilization (natural mating or artificial insemination), collection 

and evaluation of embryos (Baldassarre and Karatzas 2004; 

Gibbons and Cueto 2011; Karakas Alkan et al. 2017). Although 

many advances have been made in in vivo embryo production in 

small ruminants, there are still differences in superovulation 

response in sheep and fertilization rates in goats. In addition, 

premature corpus luteum regression in sheep poses an 

important problem in in vivo embryo production. Therefore, 

there is still a need for new research on embryo production in 

small ruminants (Cognie et al. 2003; Lehloenya 2008; Karakas 

Alkan 2021). 
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Selection of Donors 

 

Donor animals should be highly productive, have high genetic 

potential, have no fertility problem, have normal and regular 

estrus cycles, do not carry a hereditary or infectious disease, 

have no metabolic and nutritional problem, and have a high 

market value. However, the most important selection criterion 

is the donor's yield in terms of meat, milk, wool, mohair 

production (Tekeli et al. 2021). 

There are many factors that affect a successful embryo transfer 

in sheep and goats. These are the management of donor and 

recipient animals, estrus synchronization of donor and 

recipient, donors' superovulation response, fertilization rate, 

embryo collection and evaluation, embryo transfer technique, 

and other factors affecting the survival of transferred embryos 

(Ishwar and Memon 1996). However, the most important 

factor affecting the success of embryo transfer, especially in 

sheep and goats, is the superovulation response that varies 

individual to individual (Cognie et al. 2003; Lehloenya 2008; 

Karakas Alkan et al. 2020; Karakas Alkan 2021). 

Superovulation response and number of transferable embryos 

considerably limit in vivo embryo production in cattle, sheep 

and goats (Cognie et al. 2003; Sevgi et al. 2019). Individual 

differences are observed even in animals housed in the same 

group and undergoing the same superovulation protocol in in 

vivo embryo production. For this reason, it is very important to 

select animals that can respond better to superovulation 

treatments in recent years (Rico et al. 2009; Monniaux et al. 

2010; Soquilla and Mingala 2017; Karakas Alkan et al. 2020). 

Studies during the past decade have focused on the role of anti-

Müllerian hormone (AMH) in predicting animal responses to 

gonadotropin treatments (La Marca and Volpe 2006; Monniaux 

et al. 2010; Monniaux et al. 2013; Sevgi et al. 2019; Karakas 

Alkan et al. 2020). In different animal species, higher AMH 

concentrations were associated with a better performance in 

terms of superovulation response and a higher potential for 

embryo production (Monniaux et al. 2011). AMH is known to 

be the best endocrine biomarker to predict follicle number and 

superovulation response in assisted reproductive technologies 

(La Marca and Volpe 2006). Since this hormone is expressed in 

granulosa cells of developing follicles and the highest AMH 

concentrations are found in antral follicles, AMH concentration 

measurement can be used to determine the follicle pool of 

donor animals (Monniaux et al. 2013; Karakas Alkan et al. 

2020). Some researchers have reported a positive correlation 

between the number of small antral follicles and serum AMH 

concentrations (Gruijters et al. 2003; Monniaux et al. 2013; 

Abdel Aziz et al. 2017). In addition, a significant correlation was 

found between AMH concentrations and total corpus luteum 

(CL) and transferable embryo numbers in cattle (Rico et al. 

2009). Karakas Alkan et al. (2020) reported a strong positive 

correlation between AMH concentrations measured in donor 

goats on the day of initiation of the synchronization protocol 

and the number of total corpus luteum (CL), total count of 

oocyte/embryo and transferable Code I quality embryos. In 

addition, superovulation response was measured to be higher 

in donors whose AMH concentration was high on the day of 

synchronization. Cut-off value in ROC curve analysis 

performed for the selection of donors with highest 

superovulation was determined to be 4.77 ng/ml (Karakas 

Alkan et al. 2020). Lahoz et al. (2014) reported that the 

determination of the plasma AMH concentration in a single 

blood sample before FSH treatment is a suitable method for 

selecting the best oocyte donors for embryo biotechnologies 

in prepubertal sheep. Based on this information, the 

measurement of AMH concentration stands out as a good 

criterion in order to determine donors who will respond 

better to superovulation treatment. 

 

Synchronization and Superovulation Treatments 

 

Synchronization is the process of planning estrus and ovulation 

according to the intended time (Alaçam 2015). Synchronization 

is very important for the application and success of the artificial 

insemination and embryo production procedure (Abecia et al. 

2012). Since sheep and goats are seasonally polyestrous 

animals, estrus synchronization protocols should be applied to 

donors before superovulation. In addition, estrus 

synchronization protocol is required to use the same donors 

for recurrent superovulation practices throughout the year 

(Thibier and Guerin 2000). 

In sheep and goats, mostly progestogens are used for estrus 

synchronization before superovulation. For this purpose, 

intravaginal sponge and controlled internal drug releasing 

devices are often preferred because of their ease of application 

and cheaper cost. Medroxyprogesterone acetate (MPA, 50-60 

mg) and flurogestone acetate (FGA, 30-40 mg) are used as 

progestogens. Hormonal applications can be made both during 

the breeding season and during seasonal anestrus (Amiridis and 

Cseh 2012; Karakas Alkan et al. 2017). When progestogens are 

applied as long as the corpus luteum is active in the estrous 

cycle, they suppress cyclic activity and therefore ovulation with 

negative feedback on GnRH and gonadotropins. With the 

termination of the progestogen application, the estrus is 

synchronized (Amiridis and Cseh 2012). 

The most commonly used estrus synchronization protocol in 

sheep and goats includes administration of progestogen for 9-

14 days and administration of luteolytically effective 

prostaglandin 48 hours before the removal of progesterone 

source (Baldassarre and Karatzas 2004; Rahman et al. 2008; 

Amiridis and Cseh 2012). 

Superovulation applications provide ovulation and maturation 

of oocytes by stimulating the development of more than one 

oocyte from the ovary (Tekeli 2015; Kose et al. 2012). 

Unpredictable differences in superovulation response are the 

most critical step in embryo production programs in sheep. 

There are endogenous (genetic, age, follicular wave, breeding 

season, etc.) and exogenous (gonadotropins, route of 

administration, dose, nutrition, etc.) factors that affect the 

superovulation response (Gibbons and Cueto 2011; Amiridis 

and Cseh 2012). 

Pregnant mare serum gonadotropin (PMSG) and follicle 

stimulating hormone (FSH) are the two most commonly used 

gonadotropin preparations for superovulation. Apart from 

these hormones, horse pituitary extract (HAP) and human 

menopausal gonadotropin (HMG) are also used in 

superovulation protocols (Gonzalez et al. 2001). These 

gonadotropins have some advantages and disadvantages (Loi et 

al. 1998). 

PMSG hormone can stimulate follicle development, estrogen 

production, ovulation, luteinization and progesterone 

synthesis. PMSG has great efficacy due to its longer biological 

half-life in comparison of FSH activity, and a single dose of 750-

2000 IU can be administered subcutaneously or intramuscularly 

1-2 days before the end of synchronization protocols. High 

superovulation responses have been observed in protocols 
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with PMSG. However, the quality embryo numbers obtained in 

this protocol are well below the acceptable limits in 

commercial embryo transfer applications. The reason for poor 

embryo quality can be explained in several ways (Gonzalez et 

al. 2001; Amiridis and Cseh 2012). PMSG has a half-life of 21 

hours in sheep due to its high molecular weight. Short half-life 

causes deterioration of follicle development, formation of 

anovulatory follicle stimulation, premature follicle luteinization 

and reduced embryo quality (Gibbons and Cueto 2011). In 

addition, PMSG causes excessive follicular steroid secretion. 

This impairs sperm and gamete transport, oocyte maturation 

and embryo development. At the same time, ovarian 

stimulation decreases as anti-PMSG antibody develops in 

repeated applications of PMSG (Gonzalez et al. 2001). 

FSH is the most commonly used gonadotropin with the best 

results in superovulation protocols of small ruminants 

(Gibbons and Cueto 2011). FSH is a member of the 

glycoprotein hormone family. Natural or recombinant FSH 

preparations are used in superovulation protocols (Ben-

Menahem 2018). FSH induced superovulation treatments in 

sheep and goats culminate in a higher number of quality 

embryos and ovulation rate per donor than PMSG (Gonzalez 

et al. 2001; Gibbons and Cueto 2011). However, due to the 

short half-life of FSH preparations, repeated doses are required 

(Amiridis and Cseh 2012). The most widely accepted 

superovulation protocol for the stimulation of multiple 

ovulations in sheep and goats is the administration of FSH in 

decreasing doses towards the end of the progestogen 

administration. Unlike PMSG, the biological half-life of FSH is 

3-4 hours. For this reason, 6-8 applications should be made at 

12-hour intervals. A total of 200 mg of FSH (e.g. 50, 50, 30, 30, 

20, 20 mg) per animal is administered to sheep and goats for 

superovulation. Multiple ovulations usually occur 60 hours 

after removal of the intravaginal progesterone source (Gibbons 

and Cueto 2011). 

A long-term administration of progesterone (for 11 days) is 

included in the traditional superovulation protocol and FSH 

administration is started 48 hours before the removal of the 

progestogen source from the vagina (9 days after the 

intravaginal insertion of the progesterone source). FSH is 

administered in six decreasing doses (total of 200 mg) at 12 

hours interval. A single dose of prostaglandin is administered 

with the first FSH injection. The progesterone source is 

removed from the vagina on the 11th day. GnRH injection is 

administered 24 hours after removal of progesterone source 

from the vagina and donors are allowed to mate with fertile 

males at 12 hours after GnRH administration (Thibier and 

Guerin 2000; Menchaca et al. 2007; Gibbons and Cueto 2011; 

Agaoglu et al. 2014; Karakas 2015). 

In fact, traditional superovulation protocols were first designed 

in 1980s. However, in these years, there was not much 

information about the ovarian follicular dynamics of ruminants. 

With new developments, it has been suggested that follicular 

development must be considered when designing the control 

of ovarian activity in goats. From this point onward, the 

presence of the dominant follicle is very important when 

starting superovulation (when a new follicular wave is started). 

For this reason, the day 0 (day 0= day of ovulation) protocol 

comes to the fore in studies. It is thought that it is easier to 

initiate a new follicular wave when starting FSH treatment 

through this protocol (Menchaca et al. 2007). 

In the Day 0 protocol, a short-term (5 days) progesterone 

administration is performed together with the prostaglandin 

injection on the first day. During the removal of progesterone, 

eCG is applied and ovulation is stimulated with a GnRH analogue 

after 36 hours. Superovulation treatment begins at 72-84 hours 

after removal of the intravaginal device and two prostaglandin 

injections are made during the last two FSH administrations. For 

the synchronization of ovulations, GnRH is injected at 12 hours 

after the last FSH administration. When the results gained after 

the traditional and Day 0 protocol are compared, it is observed 

that the Day 0 protocol is better method in providing the 

superovulation response in goats (Menchaca et al. 2007). 

Tasdemir et al. (2011) investigated the effect of Day 0 protocol 

on ovarian response and embryo fertility in Ankara and Kilis 

goats during anestrus. Estrus synchronization rates and CL 

numbers were similar in both goat breeds whereas, the rate of 

transferable embryos was higher in Angora goats than Kilis 

goats. However, it has been concluded that the Day 0 protocol 

can induce a superovulation response in goats out of the 

breeding season, but the breed may have an effect on the 

superovulation response (Tasdemir et al. 2011). 

 

Natural Mating and Artificial Insemination 

 

After synchronization and superovulation protocols in sheep 

and goats, donors are usually mated by natural mating method 

(Karakas Alkan 2021). In natural mating, it is generally 

recommended to mate donors every 12 hours from the 

beginning to the end of estrus (Gibbons and Cueto 2011). 

However, artificial insemination (fresh or frozen/thawed) can 

also be preferred some times. The use of cervical insemination 

in embryo production in sheep often does not yield successful 

results. Therefore, if artificial insemination is to be performed, 

the laparoscopic method would be more appropriate. In this 

method, semen is released into the horn of the uterus close to 

the fertilization site. Thus, a decrease in the required semen 

dose and an increase in the fertilization rate can be achieved 

(Ishwar and Memon 1996; Gibbons and Cueto 2011; Karakas 

Alkan et al. 2017). The optimal time for laparoscopic 

insemination with fresh semen in sheep is 32 hours after the 

onset of estrus (Brebion et al. 1992). When frozen/thawed 

semen is used, laparoscopic insemination can be performed at 

40-55 hours after the removal of progesterone source (Evans 

et al. 1986). In goats, if laparoscopic insemination is to be 

performed with fresh semen, insemination is recommended at 

20-24 hours after the onset of estrus (Vallet and Baril 1990), 

and if frozen/thawed semen is to be used, insemination is 

recommended at 46 hours after the removal of progesterone 

source (Fieni et al. 1990). 

If cervical insemination is performed with fresh semen, it 

should be 800x106 sperm/ml for sheep and 400-600x106 

sperm/ml for goats. This rate is 80x106 sperm/ml for sheep and 

100x106 sperm/ml for goat for laparoscopic insemination. In 

cases where frozen semen will be used, the required dose for 

insemination in sheep and goats should be 100x106 sperm/ml 

(Baril et al. 1989; Vallet and Baril 1990; Gibbons and Cueto 

2011). 

Regardless of the type of superovulation application, 

fertilization losses are frequently encountered, especially in 

sheep with a high ovulatory response. Fertilization losses occur 

at equal rates in sheep after natural breeding or artificial 

insemination (cervical artificial insemination). This is thought to 

be due to problems during the passage of spermatozoa through 

the cervix and this problem can be solved with the intrauterine 

laparoscopic insemination procedure. Intrauterine 
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insemination is an effective method to eliminate fertilization 

losses, especially in donors with a high ovulation rate. 

However, if rams or goats with known fertility are suitable for 

breeding, natural breeding should be preferred in 

superovulation applications (Ishwar and Memon 1996; Cognie 

et al. 2003; Gibbons and Cueto 2011). 
 
Obtaining the Embryo 
 
In vivo obtained embryos are collected by flushing the uterine 
horns with a medium at 6-8 days after mating. Flushing of the 
uterus can be done in 3 different ways; laparotomic, 
laparoscopic and cervical. Regardless of the method the 
obtaining of embryo, the corpus luteum numbers must be 
determined before flushing. It should be compared with the 
embryo numbers obtained later (Paramio 2010; Amiridis and 
Cseh 2012; Paramio and Izquerdo 2014). 
 
Laparotomic Method 
 
As animals are anesthetized in this method, feed and water 
should be withheld from the donors for 12 h before the 
operation (Lehloenya 2008). At day 6/7 following the mating, 
midventral laparotomy is performed to the donors under 
general anesthesia and a Foley catheter is placed in the uterine 
horns and flushed with appropriate solutions (Modified 
Dulbecco's Phosphate Buffered Solution with glucose and 
sodium pyruvate supplementation). In this method, the embryo 
retrieval rate is quite high, as the oviduct and uterus are 
visualized through the incision and flushed. This procedure can 
be applied 2-3 times for each individual. Since abdominal 
adhesions are formed following the application, it limits the 
possibility of repeated application (Ishwar and Memon 1996; 
Holtz 2005; Amiridis and Cseh 2012; Karakas Alkan et al. 
2017). In order to prevent postoperative adhesions, 50-100 ml 
of 6% dextran solution can be left in the peritoneal cavity 
(Ishwar and Memon 1996). 
 
Laparoscopic Method 
 
Animals should be fasted for 24 hours before the surgical 
procedure. The animals under general anesthesia are laid 
upside down at an angle of 45 degrees and a 
pneumoperitoneum is created by injecting approximately 4-5 
liters of CO2 gas into the peritoneum. One of the uterine horns 
is grasped through a small incision and removed with the help 
of a forceps. Flushing is performed by placing a Foley catheter 
at the apex of the uterine horn close to the utero-tubal 
junction. While embryo collection with the laparotomic 
method can be applied 2-3 times in an animal, the embryo 
collection process with the laparoscopic method can be 
repeated approximately 7 times (Ishwar and Memon 1996; 
Karakas Alkan et al. 2017). Although the laparoscopic embryo 
collection method is less invasive, this method also requires the 
animal to be placed under general anesthesia and special 
equipment and expert technicians are required for the surgical 
procedure (Holtz 2005). In addition, the rate of obtaining 
embryos with this method is lower than the laparotomy 
method (Gibbons and Cueto 2011). 

 

Cervical Method 

 

Adhesions may sometimes occur in genital organs and tissues 

following laparotomic and laparoscopic methods. The repeated 

use of donor animals in both methods is limited due to 

abdominal adhesions. Cervix is relaxed with PGE2, estradiol 

and oxytocin in the cervical method and embryos can be 

collected through the cervix (Ishwar and Memon 1996; 

Fonseca et al. 2013). The procedure can be performed under 

general or epidural anesthesia and the cervix is carefully pulled 

caudally by placing the vaginal speculum first. Then, the cervix 

is widened with a dilator and the catheter is directed into the 

uterus and the uterus is flushed several times with 20 ml of 

washing medium. In this method, embryo recovery rates were 

determined as 60-80%. In addition, it has been reported that 

estradiol and PGE2 do not have a negative effect on the viability 

of embryos. However, it is less preferred as use of estradiol is 

prohibited in many countries (Ishwar and Memon 1996; Suyadi 

and Holtz 2000; Lima-Verde et al. 2003; Karakas Alkan 2021). 
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