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INTRODUCTION 

 

Multiple Ovulation and Embryo Transfer (MOET) includes a 

series of procedures involving the transfer of embryos from 

superovulated donors to suitable recipients. A broader 

definition of MOET is the transfer of embryos from cows and 

bulls with high genetic capacity and yield levels to recipients 

with lower yield levels but without reproductive problems. 

The steps of MOET can be listed as selection of donors, 

selection of recipients, superovulation of donors, 

synchronization of donors and recipients, insemination of 

donors, embryo recovery, morphological evaluation of 

embryos, and fresh or frozen/thrawed embryo transfer and 

storage of embryos. 

The first successful embryo transfer in mammals was carried 

out by Walter Heape in 1890, with the transfer of embryos 

from Angora rabbits to Belgian doe. Later on, successful 

results were obtained in embryo transfer in sheep and goats 

in the 1930s and 1940s by Warwick and colleagues 

(Betteridge 2003). However, the first successful result in 

cattle was reported, but the pregnancies were terminated 

before the gestation period was completed (Mapletoft 2018). 

Then, it was reported that the first embryo transfer calf was 

born with the transfer of the embryo produced from the 

slaughterhouse material in 1951 in Wisconsin (Betteridge 

1981). In the later years, it is stated that especially in the 

1970s, Rowson and colleagues developed embryo transfer in 

farm animals and started to be used commercially (Mapletoft 

2018). 

In Multiple Ovulation and Embryo Transfer, it is possible to 

increase herd productivity by transferring embryos collected 

from high-yielding donors to lower-yielding recipients. Thus, 

genetic improvement and selection of elite female and male 

animals can be achieved within the herd. In addition, the 

generation interval can be shortened and therefore the 

breeding plans can be accelerated (Alaçam 2015). Diseases 

that are transmitted by mating can be prevented by embryo 

transfer (Hasler 2003). The transfer of a dairy cattle from one 

region to a distant region requires a serious cost. However, 

transferring embryos in liquid nitrogen to distant regions is 

both easier and less costly (Kidie 2019). With the transfer of 

embryos to recipients in distant regions, passive immunity can 

be provided to calves that will be born from recipients 

adapted to that region and by this way, calf losses can be 

reduced (Alaçam 2015). 

This chapter will provide comprehensive review of literature 

about selection of donors and recipients, superovulation of 

donors, synchronization of donors and recipients, insemination 

of donors, embryo recovery, morphological evaluation of 

embryos and fresh transfer or long-term storage of embryos 

are evaluated in general terms in MOET. 

 

Selection of Donors and Recipients 

 

One of the aims of embryo transfer is to obtain the maximum 

number of healthy offspring during their lifetime from animals 

with high yielding genetic capacity. In order to achieve this aim, 

the selection of especially high-quality donors is of great 

importance. The desired aim can be achieved by transferring 

quality embryos collected from donors to suitable recipients. 

Therefore, the animals to be selected as donors should be 

selected among the animals with the following characteristics 

(Erdem et al. 2020b; Karasahin et al. 2021b). 

 

Selection of Donors 

 

High Genotypic and Phenotypic Character 

 

Selection of genetically and phenotypically high yielding animals 

for embryo transfer is the first step in donor selection. The 

main purpose of livestock is to increase milk or meat 

production. Therefore, the use of animals that stand out in 

terms of yield characteristics in the herd in embryo transfer 

can be selected to increase the high-yielding animal population 

and hence production in the herd. In addition, parameters such 

as fertility, resistance to diseases, ease of calving, and 

temperament should be considered in the selection of donor 

animals (Miglior et al. 2017). 

 

Hereditary Transmitted Diseases 

 

There should be no history of hereditary transmitted diseases 

in animals to be used as donors, especially Bovine Leucocyte 

Adhesion Deficiency (BLAD) and Complex Vertebral 

Malformation (CVM) (Kaymaz 2019). 

 

Sexually Transmitted Disease 

 

According to the International Embryo Transfer Association 

(IETS) donor animals should be free from diseases which are 

transmitted by mating and affect fertility such as Bovine 

Spongiform Encephalopathy (BSE), Infectious Bovine 

Rhinotracheitis- Infectious Pustular Vulvovaginitis (IBR-IPV), 

Foot-and-Mount  Disease  (FMD),  Bovine Viral Diarrhea Virus  
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(BVDV), Bovine Leukemia Virus (BLV), Bovine Tuberculosis 

(TB), Brucellosis, etc.. It is stated that the zona pellucida (ZP) 

is an important barrier for infectious agents to infect the 

oocyte and embryo (Escobar 2018). However, ZP may permit 

the transmission of some diseases. Pathogens can penetrate the 

ZP and infect oocyte and embryo. They can also attach to the 

ZP and infect the recipient and subsequently the hatched 

embryo. For embryos produced in vivo, pathogens can be 

effectively removed by following the protocol set by the 

International Embryo Technology Society (IETS) (Stringfellow 

and Givens 2000). Most of the transport of pathogens occurs 

by penetrating ZP. Therefore, embryos should be washed in 

Dulbecco's phosphate buffered saline (dPBS) at least 10 times 

before transfer or freezing procedures (Escobar 2018). Studies 

have reported that BVDV that has penetrated the ZP can be 

removed by washing (Gard et al. 2009). In the Office 

International Des Epizooties (OIE) protocol, it is 

recommended to use 100-fold diluted solution for each 

washing step of the embryos and to use disposable sterile 

pipettes during the transfer of the embryos (Escobar 2018; 

Alkan 2021). 

 

Age and Body Condition Score (BCS) 

 

Some researchers have reported that donor age affects the 

embryo production. Oocyte/embryo ratio increases after 

superovulation in older animals. While this rate is about 50% 

in old cows (10-13 years old), it is around 25% in young heifers 

(3-6 years old) (Malhi et al. 2005). It is reported that this 

difference is due to the lower fertilization and division rates in 

older cows compared to younger heifers (Nak 2021). At the 

same time, obtaining fewer embryos in older cows may be 

related to changes in follicular and endocrine mechanisms with 

advancing age (Malhi et al. 2005). For this reason, it has been 

reported that less number and poor-quality embryos can be 

obtained from older donors (10 years and older). However, 

the quality and number of embryos decrease in very young 

animals. In the studies performed, fewer embryos were 

obtained in the heifers aged 7.8-9.9 months, compared to the 

heifers aged 10 months. Reason for fewer embryos is the lower 

oocyte development capacity in the prepubertal period and this 

capacity increases with advancing age (Mikkola et al. 2020). 

That’s why it is recommended not to use animals under 1 year 

age and over 10 years age  as donors in order to obtain quality 

and maximum number of embryos together. 

 

Importance of AMH in Donor Selection 

 

Detection of ovarian reserves in donor selection is of great 

importance in predicting superovulation response and embryo 

yield. The number of primordial follicles on the ovary is called 

ovarian reserve (Visser and Themmen 2005). Oocyte quality 

decreases in animals with low ovarian reserve, and thus 

embryonic development capacity and superovulation response 

decrease, so embryo quality and yield cannot be at the desired 

level (Ireland et al. 2008). There is a statistically significant positive 

correlation between the total number of primordial follicles on 

the ovary and the number of antral follicles (AFC) (Modina et al. 

2014). In addition, there is a positive correlation between Anti 

Mullerian Hormone (AMH) and AFC levels in cattle (Satılmış 

2021). For this reason, AMH measurement can be used in donor 

animal selection (Hirayama et al. 2017; Nabenishi et al. 2017; Sevgi 

et al. 2019; Karakaş Alkan et al. 2020). 

Selection of Recipients 
 
Although the identification of recipients is not as important as 
donor selection, it can affect the success of embryo transfer. 
For this reason, recipients should be selected according to 
certain criteria, and these are listed below: 
• Recipients must be healthy animals with no congenital defects. 
• Must have normal and regular estrus cycles, have no 

problems with their reproductive history. 
• Recipients should not be too old. 
• Recipients should not have nutritional and metabolic 

problems. 
• Body conditions should be normal. 
• Recipients must not carry diseases that may affect fertility 

(Kaymaz 2019). 
 
Superovulation of Donors 
 
Multiple Ovulation and Embryo Transfer is an assisted 
reproductive technique involving the transfer of embryos 
collected from donors having superior yield characteristics 
with hormonal stimulation and superovulation to the 
recipients. There are many factors that affect the success of 
embryo transfer. Among these factors, the superovulation 
response of the donor animal has an important place. Individual 
variation of the superovulation response has a direct effect on 
the yield and quality of collected embryos (Polat et al. 2021). 
Follicle Stimulating Hormone (FSH) and Pregnant Mare Serum 
Gonadotropin (PMSG) are widely used for superovulation in 
cattle (Alaçam 2015). These hormones can also be used together 
with other hormones such as Gonadotropin Releasing Hormone 
(GnRH), Human Chorionic Gonadotropin (hCG), progesterone, 

prostaglandin F2α (PGF2α) and anti-PMSG. 

Follicle Stimulating Hormone and PMSG, which are widely used 
for superovulation, have advantages and also disadvantages. 
The most important advantage of the purified FSH preparations 
available in the market is the high embryo yield and quality due 
to their low LH contents. In addition, its short-chain glyco-
protein structure does not cause antibody formation in donors, 
but its half-life is quite short (average 3-4 hours). Therefore, in 
order to achieve the desired superovulation response, it 
requires two injections per day at 12 hours intervals. 
Furthermore, its cost is higher and is more difficult to obtain 
than PMSG (Bader et al. 2005; Ağaoğlu and Kocamu ̈ftu ̈oğlu 
2015). PMSG, on the other hand, is a glycoprotein hormone 
with FSH and LH like effects in cows. PMSG can be used for 
superovulation because it is easily available in the market and 
its cost is lower than FSH. PMSG has a long half-life 
(approximately 40 hours) and may have a circulating effect for 
more than 10 days. Due to its long half-life, a single injection is 
sufficient for the superovulation protocol (Kaymaz 2019). 
However, due to its long chain glycoprotein structure, it causes 
antibody formation in donors. For this reason, superovulation 
protocols using PMSG require the use of anti-PMSG during the 
first insemination (Dieleman et al. 1993). In addition, due to its 
long half-life; it has important disadvantages such as anovulatory 
follicle development, abnormal endocrine changes, decrease in 
embryo quality and number. 
 
Factors Affecting the Superovulation Response 
 
There are many factors that affect the superovulation response 
in cattle and these factors can be classified as animal related, 
gonadotropin preparations and environmental factors. 
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Animal Related Factors  
 
Factors such as breed, age, nutritional status (BCS), 
progesterone level, lactation and milk yield of donor animal 
directly or indirectly affect the superovulation response. 
Among the donor animal related factors, the most important 
factor is the number of follicular waves and the day of the cycle 
when the superovulation protocol is started. Studies have 
reported that the presence of the dominant follicle on the 
ovary at the start of superovultaion protocol negatively affects 
the superovulation response (Guilbault et al. 1991; Wehrman 
et al. 1996; Kim et al. 2001). It is reported that in the dominant 
follicle stage, smaller follicles tend to regress and there is less 
response to gonadotropin stimulation (Mikkola et al. 2020). 
The second follicular wave occurs approximately between the 
8th and 12th days of the cycle, depending on the number of 
follicular waves of the sexual cycle (Ginther et al. 1989). Since 
there will be no functional dominance in this period, it is stated 
that it will be the most appropriate time to start the 

superovulation protocol between days 8-12 of the cycle, which 
coincides with the beginning of the second follicular wave 
(Mapletoft and Bo 2004). On the other hand, some studies 
reported that exogenous FSH administration affects the 
dominant follicle independently of its inhibitory effect on the 
pituitary and ovary (Diaz et al. 2001; Bó and Mapletoft 2014). 
Superovulation response differs according to age and breed in 
cattle. Superovulation response is higher in Hereford and 
Brahman breeds compared to other breeds. In a study, 
significantly higher number of transferable embryos were 
obtained in Brown Swiss cattle than in Holstein-Friesian cattle 
(Mollo et al. 2007). Superovulation response is higher in young 
cows than in older cows and heifers. Especially in old cows 
(>10 years) and heifers (<1 year), the superovulation response 
decreases significantly. However, the reduce in selection of 
older animals as donors is due to the prevalence of genetic 
selection today (Mikkola et al. 2020). Animals should be in 
optimum body condition (BCS 2.75-3.50) prior to 
superovulation.    
 
Gonadotropins Related Factors  
 

Gonadotropins should be administered in appropriate doses. 

Low or high dose administration negatively affects the 

superovulation response. As PMSG preparations have a long 
half-life, an adequate superovulation response is obtained in a 

single injection of PMSG, while FSH preparations should be 

administered in two doses, 12 hours apart, due to their short 

half-life (Baruselli et al. 2006). The ratio of FSH:LH varies in the 

FSH preparations available in the market. Optimal 

superovulation response can be achieved with the use of 
purified FSH preparations with a low LH ratio. However, a rest 

period of at least 25-30 days should be left between the two 

protocols in order to perform repeated superovulation in the 

donor animal (Mapletoft et al. 2002). In addition, the 

preparation, storage and lot number of the drug also affect the 

superovulary response (Polat et al. 2021). 
 

Environmental Factors 

 

Environmental factors that cause stress on donors, may 

adversely affect the superovulation response (Al-Katanani et al. 

2002). These factors include poor housing conditions, long-
term openness, extreme cold or hot ambient temperature 

(heat stress).  

Synchronization of Donors and Recipients  

 

The synchronization of donor and recipient animals is 

important for the success of embryo transfer. After recovery 

of transferable embryos from donors, the success of embryo 

transfer depends on the selection of the recipients and the 

timely transfer. Presence of a functional corpus luteum (CL) in 

recipients during transfer increases the rate of conception after 

transfer. A functional CL depends on factors such as the 

management, feeding and estrus monitoring of the recipients 

(Alkan  et al. 2020). 

In embryo transfer, embryos at the age of 6.5-7 days from 

donors are recovered and transferred to appropriate 

recipients. The embryo tolerates a 12hour synchronization 

interval between donors and recipients. Therefore, if embryos 

will be transfered freshly, there should be a maximum of 12 

hours between the estrus of the donors and recipients (Alaçam 

2015). While superovulation protocol is applied to donors, 

estrus synchronization protocols are applied to recipients 

based on GnRH, PGF2α and progesterone or with the 

combined use of these hormones. Estrous synchronization can 

be achieved by using PGF2α alone or in combination with 

progesterone. However, in these protocols, estrus can spread 

over a period of 2-4 days in recipient animals. Therefore, if a 

fresh transfer is to be made, donor and recipient animals can 

be asynchronous. Estrous of donors and recipients can be 

synchronized with fixed-time insemination protocols (such as 

Ovsynch, Cosynch) in which GnRH and PGF2α are used 

sequentially (Kaymaz 2019). However, regardless of the 

protocol chosen, monitoring and recording estrus in recipients 

minimizes asynchrony between donors and recipients. 

 

Insemination of Donors 

 

It is recommended to use live, linearly moving, high motility 

semen, to eliminate the negatives related to fertilization and 

because it is a costly procedure. Therefore, it is important to 

detect donors' estrus at the right time. In a study, it was 

determined that insemination with a single straw at 0, 12 and 

24 hours of estrus in donor animals had no effect on embryo 

quality, but the fertilization rate was higher in those 

inseminated at 0 and 12 hours (Dalton et al. 2000). The 

ovulation period (the time between the first and last ovulation) 

in superovulated donors is 12 hours (Adams 1994). In the 

traditional method, donors are inseminated twice with double 

straws 12 hours after the onset of estrus. In the insemination 

procedure, the catheter should be released into the corpus 

uteri as soon as it passes the cervix while advancing the 

catheter towards the horns reduces the quality and number of 

embryos (Kidie 2019). Sex sorted semen has been widely used 

in artificial insemination protocols. However, the pregnancy 

rate in insemination is low due to the fact that it undergoes 

many processes during production compared to unsorted 

semen. In MOET programs, sex sorted semen can be used to 

obtain female embryos. However, studies have shown that the 

use of sex sorted semen decreases the fertilization rate and 

increases the rate of degenerated embryos (Hayakawa et al. 

2009; Sartori et al. 2018). 

 

Embryo Recovery  

 

In in vivo method, embryos are recovered by various 

techniques. After fertilization, sequential mitotic divisions take 
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place in the embryo, during which the embryo moves from the 

oviduct to the uterine horn. Although there are individual 

differences, the embryo is found in the oviduct until the 4th 

day, at the uterotubal junction on the 5th day and in the apex 

of the uterine horn on the 6th/7th days (Kaymaz 2019). In the 

MOET programs, embryos are usually collected from the apex 

region of the uterine horn on the 7th day after insemination. 

Embryos are collected by two flushing methods, surgical and 

non-surgical (transcervical) method. However, with the 

development of the transcervical method in the early 1970s, 

the surgical method is no longer used now (Phillips and Jahnke 

2016). In the transcervical method, a 2 or 3-way (preferably 3-

way) Foley catheter is inserted through the vagina and cervix 

into the uterus at the starting point of the curvatures. The cuff 

of the Foley catheter is filled with 5-10 ml of air so the catheter 

is fixed. With the inserted Foley catheter, the uterus should be 

flushed at least 10 times with an average of 200 ml of flushing 

medium each time (depending on operator’s experience). In 

uterine flusing, 800-1000 ml of D'PBS (Dulbecco's Phosphate 

Buffured Saline) or lactated Ringer's solution (with antibiotic 

added) is used as flusing medium (Kaymaz 2019). One of the 

important facts in MOET programs is the development of 

embryo filters. Before the advent of filters, the uterine effluent 

was collected in a glass bottle or graduated cylinder and the 

embryos were expected to settle to the bottom for 30-60 

minutes. Then, the supernant remaining in the upper part of 

the collected liquid was discarded and the embryos were 

scanned in a little liquid remaining at the bottom. However, 

nowadays, during flusing, the uterine effluent is passed through 

50-70 mm stainless steel or plastic filters, allowing embryos 

with a diameter of 150-200 mm to remain on the filter and to 

be collected by scanning easily (Phillips and Jahnke 2016). 

Embryo recovery is highly associated with uterine flushing; 

operator’s experience, flusing time and method, the type and 

position of the catheter used, the number of media and the 

number of flusing (Phillips and Jahnke 2016; Kaymaz2019; Alkan 

et al. 2021). 

 

Morphological Evaluation and Classification of 

Embryos 

 

Embryos are evaluated morphologically before being 

transferred or frozen after flushing. Using a magnification of at 

least 50 under a stereomicroscope, the quality of the embryos 

is examined for developmental stages and abnormalities on the 

embryos. The diameter of bovine embryos is between 150-190 

mm according to the developmental stages (Phillips and Jahnke 

2016). Embryos recoveried from donors are evaluated using 

the IETS classification system according to their developmental 

stages and quality grades. This classification system consists of 

a 2-digit code according to development stage and quality, 

respectively (Dursun and Karaşahin 2021). 

Embryos are classified according to their developmental stage 

from grade 1, which is an unfertilized oocyte or a 1-cell embryo 

to grade 9, which is an expanding hatched blastocyst. 

Grade 1 embryo is one cell or unfertilized oocyte. Single celled 

or unfertilized oocyte evaluated after flushing is called UFO. 

UFOs usually feature a spherical oolemma or vitelline 

membrane. It contains the part called perivitelline space 

between the zona and the cell (Phillips and Jahnke 2016). 

Grade 2 embryos are the embryos that are at the 2-12 cell 

developmental stage and are considered to be delayed in 

stages. In embryos at this stage, fertilization is done but stops 

due to any degeneration of sequential mitotic divisions. 

Embryos at this stage are considered dead or degenerated 

embryos (Phillips and Jahnke 2016). 

Grade 3 embryo is an embryo at 16 or more cell stage as a 

result of sequential mitotic divisions in the embryo and is called 

morula or early morula. The cellular mass of the embryo 

appears to occupy the perivitelline space (Bó and Mapletoft 

2018). 

Grade 4 embryos orcompact morula are individual 

blastomeres coalesce to form a compact mass in the compact 

morula stage. The cellular mass of the embryo appears to 

occupy 60-70% of the perivitelline space, but the blastomeres 

are undifferentiated (Bó and Mapletoft 2018). 

A fluid-filled cavity called a blastocele is present in embryos of 

Grade 5 or early blastocysts. It has a signet ring appearance 

with embryo blastocele formation. At this stage, the cell mass 

appears to occupy 70-80% of the perivitelline space. In the early 

blastocyst stage, it can be noticed that the inner cell mast (ICM) 

and trophoblast cells begin to differentiate (Phillips and Jahnke 

2016; Bó and Mapletoft 2018). 

Grade 6 embryos are called blastocyst. At this embryonic 

devolopment stage, the arc of trophoblast cell, ICM and 

blastocele space are clearly distinquished. The embryo 

occupies almost all of the perivitelline cavity. However, the 

zono pellucida retains its thickness (Phillips and Jahnke 2016; 

Bó and Mapletoft 2018). 

Grade 7 embryos are expanded blastocysts. At this stage, the 

enlargement of the diameter of the embryo is clearly 

noticeable. It is observed that the thickness of the zona 

pelucida becomes thinner due to the pressure on the zona 

pelucida imposed by expansion of the embryo (Phillips and 

Jahnke 2016; Bó and Mapletoft 2018). 

Grade 8 embryos are hatched blastocyst. The embryo hatches 

out through a crack in the zona pellucida due to the pressure 

created by the expansion of the embryo. Empty zonas and 

spherical or collapsed blastocysts can be seen separately in 

areas scanned under the microscope (Phillips and Jahnke 2016; 

Bó and Mapletoft 2018). 

Grade 9 embryos are hatched expanded blastocysts. At this 

stage, the hatched blastocyst appears to expand again (Phillips 

and Jahnke 2016). 

According to the developmental stages, embryo can be 

obtained from the same donors at different developmental 

stages, from unfertilized oocyte to hatched expanded 

blastocyst during the same flushing (Bó and Mapletoft 2018). 

The best predictor of viability is that the embryo reach the 

desired developmental stage on the 7th day after estrus, when 

they are usually recovered (Bó and Mapletoft 2018). Also, the 

highest pregnancy rate is achieved from excellent and good 

quality embryos in developmental stages from compact morula 

to expanded blastocyst (Hasler et al. 1987). 

The quality of the embryos is evaluated according to their 

morphological appearance, with codes ranging from 1-4. 

Code 1 embryo is excellent or good. The blastomeres of the 

embryo appear uniform in size, color and density. The embryo 

has a symmetrical and spherical cellular mass. At least 85% of 

the blastomeres are alive and there is almost no irregularity 

between them. The zona pelucida maintains its smooth and 

spherical structure (Bó and Mapletoft 2018). 

Code 2 embryo is categorized as fair. There is a mismatch in 

size, color and density between the blastomeres of the embryo. 

At least 50% of the blastomeres are viable and moderately 

irregular between them. The zona pelucida partially preserves 
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its robust and spherical structure (Phillips and Jahnke 2016; Bó 

and Mapletoft 2018). 

Code 3 is embryo categorized as poor. There are serious 

irregularities in size, color and density between the cellular 

mass and blastomeres. At least 25% of the cell mass of the 

embryo is alive. The zona pelucida is solid but has concave or 

flat structures on which its spherical structure is disrupted 

(Phillips and Jahnke 2016; Bó and Mapletoft 2018). 

Dead or degenerated embryos are categorized as Code 4. 

UFO, dead or degenerated embryos are considered in this 

grade. These embryos cannot be used (Bó and Mapletoft 2018). 

The grade of embryo quality is evaluated visually according to 

its morphological appearance. Code 1 embryo tolerates 

freezing protocols without reducing pregnancy rate. According 

to IETS, only Code 1 embryos can be exported. When a Code 

2 embryo is transferred fresh, the conception rate is close to 

code 1 embryos. Although, Code 1 embryos can be stored 

frozen, transfer of these embryos freshly is highly 

recommended. Code 3 embryos cannot tolerate 

freezing/thawing protocols. For this reason, only fresh transfer 

of Code 3 embryos is recommended, but the rate of 

conception is lower than Code 2 embryos. Code 4 embryos 

cannot be used (Phillips and Jahnke 2016; Bó and Mapletoft 

2018; Erdem et al. 2020a). 

 

Long-term Storage or Fresh Transfer of Embryo 

 

Although the first freezing procers of cell stated in the 1800s 

and many studies have been done on this subject. Today, 

spermatozoa, embryo, oocyte and ovarian tissues are 

commonly frozen and preserved by using various 

cryoprotectant materials and cryopreservation techniques 

(Arav 2014). 

The meaning of the word cryopreservation is defined as “cell 

whose metabolism is preserved by freezing outside the body” 

(Parnpai et al 2016). Intracellular (permeable) and extracellular 

(nonpermeable) cryoprotectants are used for 

cryopreservation. Frozen embryos using various 

cryoprotectants can be stored for a long time by stopping their 

metabolism at low temperatures (-196oC). The purpose of 

freezing the embryo is to preserve the current state of the 

embryo and to continue its development when thawed 

(Kaymaz 2019). However, sometimes significant morphological 

and functional damage may occur in embryos during 

cryopreservation. Therefore, some principles have been 

developed in order to minimize the damage to embryos. The 

basis of these principles are freeze-thaw rates and the 

characteristics of the cryoprotectants used. Today, there are 

three different cryopreservation methods, which have been 

developed and widely used by considering these criteria, as 

slow freezing, rapid freezing and vitrification.  

 

Slow Freezing 

 

Slow freezing, which is a slow and controlled freezing method, 

is also called standard, balanced (equilibrium) or traditional 

freezing method (Kaymaz 2019). In the traditional slow freezing 

technique, the embryo is frozen with a lower concentration of 

cryoprotectants by means of a programmable freezing device. 

However, disadvantage of the technique is that a rather 

expensive device is needed during freezing and the process 

takes quite a long time. For a successful cryopreservation 

procedure, it is desirable to pass this range between +15 and -

5oC quickly (Gajda and Smorang 2009). However, in this 

technique, the decrease from +15 to -5oC, which is the critical 

temperature for the embryo, occurs more slowly than other 

cryopreservation techniques. For this reason, the embryo is 

exposed to the toxic effect of cryoprotectants for a long time, 

especially in the specified temperature range, and this creates 

disadvantages such as breakage in zona pellucida and disruption 

of cell membranes. On the other hand, compared to other 

cryopreservation techniques, a higher rate of pregnancy is 

obtained from embryos frozen and thawed by slow freezing 

technique (Kaymaz 2019). 

 

Rapid Freezing 

 

The rapid freezing method is defined as the freezing method in 

which the cells are partially dehydrated before the embryo is 

exposed to the application of high freezing rates (Kaymaz 

2019). In the rapid freezing method, mixtures of 

cryoprotectants (1.5 M glycerol + 1.0 M sucrose solution) that 

can or cannot penetrate into the cell are used as 

cryoprotectants (Fahning and Garcia 1992). However, in this 

method, significant damage may occur in embryos due to the 

difference in osmolarity during the freezing-thawing process 

(Vajta and Kuwayama 2006). Therefore, this technique is not 

often preferred for cryopreservation. 

 

Vitrification 

 

Vitrification is known as glass-like solidification, it is the 

transformation of cells, tissues and organs into a completely 

vitreous state inside the cell at low temperatures (Fahning and 

Garcia 1992). Vitrification is an embryo freezing technique 

based on the principle of rapid cooling and preventing ice 

crystal formation by using high concentration cryoprotectant 

substances. During vitrification, highly concentrated 

cryoprotectant substances increase the viscosity of the 

intracellular water at a sufficient cooling rate, solidifying the cell 

contents and cryopreservation occurs. Advantages of the 

vitrification technique can be listed as being short, simple, not 

requiring any special equipment, and being routinely usable. 

However, there are disadvantages such as the need for 

solutions in different dilutions for the removal of 

cryopretectans, the need for a stereomicroscope during 

thawing, the need for experienced personnel to perform the 

procedure, and the toxic effect of high concentrations of 

cryoprotectants. Due to these disadvantages, in order to 

minimize the toxic effects of cryoprotectant substances, 

shortening the equilibration time or two-stage equilibration is 

applied (Massip 2001, Vajta and Kuwayama 2006). Generally, 

glycerol, ethylene glycol and glycerol/propanediol 

combinations can be used for vitrification (Prentice and Anzar 

2011). 

Average pregnancy rates obtained after freezing-thawing the 

embryos from farm animals using the vitrification method are 

between 60-75%. In addition, the most suitable embryo 

development stage for the vitrification technique is the 

blastocyst stage (Youngs 2011). 

 

Fresh Transfer 

 

Cryopreservation process of embryos, the contact of embryos 

with different cryoprotectants and exposure to the external 

environment during this process negatively affect the survival 
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of embryos. Therefore, a higher conception rate is achieved 

with fresh transfer of embryos (Karasahin et al. 2021a). Rate of 

conception is 68-77% with the fresh transfer of embryos, while 

this rate is between 56-68% in the transfer of frozen-thawed 

embryos (Karasahin et al. 2021a). Surgical and non-surgical 

transfer process did not have an effect on the pregnancy rate, 

but the non-surgical method is more practical and less costly 

(Hasler 2001). Therefore, embryo quality, transfer site, CL type 

and diameter have important effects on pregnancy rate during 

embryo transfer in cattle heifers (Alkan et al. 2020). In a 

different study, the rate of conception was 64% in fresh 

transfer, 53% in vitrified frozen, and 70% in ethylene glycol 

treated (Soler et al 2007). 

As a result, conception rate after fresh transfer of embryos to 

recipients is higher than the frozen-thawed method. However, 

since there is not always a suitable recipient for fresh transfer, 

it is important to freeze the obtained embryos with 

appropriate methods (Tekeli and Yesilkaya 2021). 
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Polat B et al., 2021. Sığırlarda embriyo u ̈retiminde 

su ̈perovulasyon protokolleri ve su ̈perovulasyon cevabına 

etki eden fakto ̈rler. In: Erdem H, editors. Hayvanlarda 

Embriyo Transferi ve Diğer Yardımcı U ̈reme 
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Tekeli T and Yes ̧ilkaya ÖF, 2021. Elde edilen embriyoların 

muhafazası. In: Erdem H, editors. Hayvanlarda Embriyo 
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