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ABSTRACT 
 

This study was aimed at investigating pregnancy rates achieved with multiple ovulation and embryo transfer in 

Simmental cows, which are characterized by a high milk yield. For this purpose, eight cows were used as donors and 

for each donor, recipient groups of 10 animals, including both heifers and cows, were established. Recipients were 

synchronized by two intramuscular injections of prostaglandin F2α 11 days apart. The treatment of the donors consisted 

of the intravaginal placing of a CIDR on day 0, the application of 400mg FSH in decreasing doses, starting on day four, 

the administration of prostaglandin F2α and the removal of CIDR on day 8. The donors were inseminated twice on day 

9 and once on day 10. Uterine flushing was performed, trans-cervically, on day 7 after insemination. The ovulation rate 

was determined as 12.25±1.42. Sixteen transferable embryos (2.0±3.23, 88.9%) were collected. The 12 embryos of 

Grade 1 quality and the 4 embryos of Grade 2 quality were transferred by transcervical route to 12 heifers and 4 cows, 

respectively. The pregnancy rates achieved in the heifers and cows were 50% and 25%, respectively (P>0.05). As a 

result, the MOET scheme applied in Fleckvieh Simmental Cows produced satisfactory superovulatory responses and 

resulted in the collection of quality embryos. The embryo recovery rate was poor but, overall, the ovulation rate, the 

quality of the collected embryos and the pregnancy rates achieved under field conditions in this preliminary study were 

considered to be satisfactory. 
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INTRODUCTION 

 

Cattle have a longer generation interval and a 

relatively lower fertility rate when compared to other 

animal species. Multiple ovulation and embryo transfer 

(MOET) schemes increase genetic improvement and 

reduce the generation interval (Loi et al. 1998; Velazquez 

2008). Thus, embryo transfer aids as a favourable 

technique in achieving genetic advance and an increased 

number of valuable breeders within a short period of time 

(Velazquez 2008; Fufa et al. 2016). 

Bovine embryo transfer technology involves the 

selection and management of donor and recipient animals, 

and the collection and transfer of embryos. The main 

objective targeted with the use of embryo transfer in cattle 

is to increase the reproductive rate of valuable females 

(Fufa et al. 2016; Kidie 2019). Thereby, the number of 

progenies of valuable female increases to a level at least 

five times higher than that normally achieved (Sağırkaya 

2009). Embryo transfer is described as the transfer of 

embryos, either harvested in vivo from the genital tract of a 

donor animal or produced in vitro under laboratory 

conditions, to one or more synchronized recipients (Hasler 

2004; Sağırkaya 2009; Hansen 2020). The stages of in vivo 

embryo production include the selection of donor and 

recipient animals, the synchronization of the selected 

donors and recipients’ oestrous cycles, the induction of 

superovulation and subsequent insemination of the donors, 

the collection (via uterine flushing), evaluation and transfer 

of embryos (Kaymaz 2012; Phillips and Jahnke 2016). 

Donors, fewer than five calving, are selected among 

normal cyclic animals free from hereditary diseases, 

reproductive disorders and diseases that may adversely 

affect fertility and have a high genetic potential and high 

production yields (Mapletoft and Bo 2006; Kidie 2019; 

Mebratu et al. 2020). Donors should be animals of superior 

genetic merit that are capable of producing a high number 

of useable embryos (Genzebu 2015; Kidie 2019). On the 

other hand, recipients should be healthy, normal cyclic 

animals with no congenital disorder, disease that may 

adversely affect fertility, or reproductive, nutritive and 

metabolic problem, which have a normal body condition 

score (Sağırkaya 2009; Phillips and Jahnke 2016; Mebratu 

et al. 2020). 
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Superovulation refers to the induction of ovulation of 

more follicles than normally observed during one oestrus 

cycle. The aim of applying superovulation treatment to 

cows is to collect a maximum number of transferable 

embryos with a highly implantation potential (Mapletoft 

and Bo 2006). For this purpose, gonadotropins such as 

follicle stimulating hormone (FSH) and equine chorionic 

gonadotropin (eCG), formerly called pregnant mare serum 

gonadotropin-PMSG) are used and their impact is enhanced 

through their combined administration with gonadotropin-

releasing hormone (GnRH) and progesterone (Machaty et 

al. 2012; Phillips and Jahnke 2016). For best results, cows 

treated for superovulation are inseminated in mid- or late 

oestrus and generally, two inseminations suffice in 

harvesting high quality embryos (Machaty et al. 2012). 

Uterine flushing is performed on the 7th day by 

recovering the flushing medium channelled into the uterine 

horns through catheters placed in the uterine horn via the 

vagina and cervix. Embryos collected by uterine flushing 

are first evaluated for their quality before being transferred 

(Bo and Mapletoft 2013; Genzebu 2015; Fufa et al. 2016). 

Two major factors that affect the success of MOET 

schemes are the variability in embryo production of donors 

and low pregnancy rates (Velazquez 2008).  

The aim of this study was to compare the responses of 

superovulation of high milk yield Fleckvieh Simmental 

cows, the quality of the embryo obtained and the pregnancy 

rates after embryo transfer. 

 

MATERIALS AND METHODS 

 

All the experimental procedures followed in this study 

were approved by the Local Ethics Board for Animal 

Experiments of Selcuk University (SÜVDAMEK). 

 

Location, Selection of Donors and Recipients 

This study was carried out in a Simmental Dairy Cattle 

Farm (Eren Gıda San ve Tic. Ltd. Şti. Çorum/Turkey). 

Eight Simmental cows were used as donors and for each 

donor, recipient groups of 10 Simmental heifers and cows 

were established. In the selection of donors, milk yield 

records, reproductive history and resistance to diseases 

were taken into consideration. The donors, approximately 

4 ages, were selected among regular cyclic animals that 

were at least 50-60 days postpartum, had a body condition 

score of 3-4 as described by Andersen et al. (1991). The 

recipients, Simmental cows in 1.5 to 3 ages, were selected 

among the animals, having adequate body size, 

reproductively healthy and exhibiting calving ease. 

 

Superovulation Protocol 

Superovulation protocol was applied to the eight 

Simmental cows [May (n:2), June (n:2) and July (n:4)] 

included to this study. The protocol was designed 

according to Lamb et al. (2016). Thus, in the evening of 

day 0, a controlled internal drug-release dispenser 

containing 1.38g of progesterone (CIDR 1380®, Pfizer) 

was inserted in the vagina of the donors. In the evening of 

the second day, GnRH (100µg, im) (Gestavet® GnRH, 

HIPRA) was administered to the donors. For 

superovulation, 400mg of FSH (Folltropin-V, Bioniche 

Animal Health Inc., Ontario, CANADA), in decreasing 

doses (3:3,3:2.5,2.5:2,2:2mL) at 12 h-intervals, was 

administered to each donor, starting in the evening of day 

4. Besides, the donors were treated with 35mg PGF 2α on 

the evening of the 7th day and with 25mg on morning of the 

8th day; CIDRs were withdrawn on day 8. Artificial 

insemination of the donors was performed using double 

semen doses, in the morning-evening on 9th day and in the 

morning on 10th day; GnRH (100µg) was applied 

intramuscularly at the time of the first artificial 

insemination. Luteinizing hormone-LH (1500IU) was 

applied to the donors on the morning of day 13.  
 

Synchronization Protocol of Recipients 

The heifers and cows that selected as recipients were 
synchronized by the administration of two injections of 
25mg PGF2α (Dinolytic® Pfizer) at 11 days apart. 
Reproductive tract scoring by rectal palpation was 
performed on the potential recipients. Animals having a 
corpus luteum (CL) with a minimum diameter of 1.5cm on 
their ovaries and having 4 or 5 genital score (Andersen et 
al. 1991) were selected as recipients. 
 

Collection and Transfer of Embryos 

Superovulation responses and ovulation rates were 
evaluated with the number of CLs determined by rectal 
palpation and ultrasonography in the ovaries on the 7th day 
after the first insemination. The uteri were irrigated by one 
litre of lactated Ringer’s solution (1000mL, IV, Polifleks®, 
Polifarma, Istanbul) containing 1% of foetal calf serum 
(500ml; C8056, FCS, Sigma, USA) by 2-way silicone 
catheter (Luer Lock CH 18, Minitube, Germany). The 
catheter was positioned in the uterine horns and embryos 
were collected by routine flushing method. Harvested 
embryos were scored according to developmental stage and 
quality following the recommendations of the International 
Embryo Transfer Society under invert microscope 
(Olympus IX71). Grades 1 and 2 were defined as 
transferable embryos and were loaded into sterile 0.25mL-
embryo straws. The selected embryos were transferred to 
the recipients within 4h after collection. The pregnancy 
examination was performed on day 21 via ultrasonography 
(Falko, Pie Medical, the Netherlands) by using a transrectal 
probe (5-7.5MHz). 

 

Statistical Analysis 

Pregnancy rates were assessed using the χ2 test, of the 

SPSS 22.0 software package. 
 

RESULTS 

 
Total 98 corpora lutea and 6 follicles with a diameter 

ranging to 1.50-2.94cm were detected in the ovaries of the 
animals. Eighteen embryos (2 of which were Grade 1 
compact morulae, 9 of which were Grade 1 morulae, 1 of 
which was a Grade 1 early-stage blastocyst, 2 of which 
were Grade 2 compact morulae, 2 of which were Grade 2 
morulae, one was degenerate, and one was composed of 
four cells) were harvested from flushing fluids. 

The mean number of corpora lutea recorded (ovulation 

rate) was 12.25±1.42. The mean number of embryos 

obtained was 2.25±3.15 and the embryo recovery rate was 

18.36%. According to developmental stage and quality of 

harvested embryos, the mean number of transferable 

embryos was determined as 2.0±3.23. Besides, the 

distribution of embryo quality was given in Table 1. 



Int J Vet Sci, 2022, 11(2): 196-200. 
 

 198 

Table 1: Transferable embryos collected (n=18) from donor 
animals (n=8) and distribution of embryo quality 

Embryo category Number out of 18 % 

Transferable embryo  16 88.9 
Grade 1 (Excellent) embryo 12 66.7 
Grade 2 (Fair) embryo 4 22.2 
Grade 4 (Degenerate) embryo  2 11.1 

 

The harvested embryos were transferred to 12 
recipient heifers and 4 recipient cows, having a genital 

score of either 4 or 5. Pregnancy examinations performed 
on day 21 post-transfer revealed a pregnancy rate of 50% 
in the recipient heifers and 25% in the recipient cows 
(P>0.05) (Table 2). 

 
Table 2: Number of embryo transfers to recipient animals and 
pregnancy rate 

Recipient animals Heifer Cow Total Statistics 

Number of single embryo 
transfers 

12 4 16 χ2 Value= 
0.762 
df=1 
P=0.585 

Number of pregnant animals 6 1 7 
Pregnancy rate % 50 25 43.75 

 
DISCUSSION 

 

The main factor, which limits the extensive use of 

embryo transfer in cattle, is the unpredictability and 

variability of the superovulatory response (Kafi and 

McGowan 1997; Vieira et al. 2014). Several factors, 

including among others, age, breed, season, nutrition, 

individual response, type of gonadotropin used, subclinical 

infection and lactation, affect the response of cows to 

superovulation (Kafi and McGowan 1997; Akyol et al. 

2014; Mikkola et al. 2019). In their study, in which they 

compared different progesterone treatment regimens in 

Holstein Friesian cows and applied a 4 day-superovulation 

scheme based on the administration of decreasing FSH 

doses given twice a day, Akyol et al. (2014) determined the 

mean CL number as 4.82±0.29 in the group that was 

applied progesterone-releasing intravaginal devices 

(PRID) and as 6.71±0.29 in the group that was applied ear 

implants. In Brown Swiss cows, which were synchronized 

with progesterone and estradiol valerate, Bülbül et al. 

(2010) determined the mean number of CL post-

superovulation as 8.4±1.4 in the control group, and as 

9.2±1.6 in the treatment group. Upon investigating 

superovulatory responses in different cattle breeds, 

Karaşahin et al. (2016) determined that following the 

placement of CIDR devices and the administration of 

decreasing FSH doses for 4 days in all groups, the mean 

numbers of CL in Holstein, Brown Swiss and Simmental 

cows were 8.36±2.37, 10.22±2.62 and 15.92±2.27, 

respectively. In the present study, the superovulation of 

Simmental cows, characterized by high meat yield, resulted 

in a mean of 12.25±1.42 CL which is higher than the 

responses of the different breeds mentioned above. 
In the present study, the embryo recovery rate 18.36%. 

While no embryo was able to be harvested from 4 of the 
donors by uterine flushing, a number varying from 1 to 10 
was harvested from the other 4 donors. In this study, it was 
found that the response to superovulation was good, but 

embryo recovery rate was low. In previous research, Siedel 
and Siedel (1991) reported that no embryos could be 
obtained in 20-30% of donors after superovulation and 
three to fifty different qualities embryos could be recovered 

from other 70-80 perceant of donors. Kanagawa et al. 
(1995) indicated that the mean number of corpora lutea 
after superovulation in 26 reproductively healthy cows was 
11.3, embryo recovery rate after flushing was 9.5% and 

fertilization rate was 6.8%. Betterridge (1997) reported that 
the unusual endocrine conditions after superovulation 
adversely affect embryo recovery and viability, and 
embryo recovery rates would decrease over time after 

ovulation. The embryo recovery rates achieved in the 
present study were lower than those reported in some other 
studies (Bülbül et al. 2010; Akyol et al. 2014; Hussein et 
al. 2014; Karaşahin et al. 2016). Kanagawa et al. (1995) 

reported that the differences in embryo recovery rates 
between studies were related to factors such as washing 
time, washing media and washing number, catheter type 
and positioning of the catheter, technician experiences, etc. 
The low embryo recovery rate obtained in the present study 

may be caused by these factors. Ultimately, both the rates 
of embryo recovery and pregnancy rates of recipients vary 
widely even between experienced operators working in 
similar conditions (Hasler 2010). 

In the present study, three out of the four donors, from 
which no embryo was harvested after superovulation 
treatment, were observed to have undergone the MOET 
scheme in July. And the remaining one donor yielded two 

degenerate embryos. These results are in support of the 
opinion that the number of degenerate embryos and the rate 
of embryonic death increase with superovulation treatment 
performed under heat stress. Heat stress is a factor that 
adversely affects the fertility of dairy cows inseminated in 

summer. The increase of the temperature of the ovaries in 
cows under heat stress shows negative impact on oocyte 
quality. Heat stress also alters the intrauterine environment 
as the blood flow decreases and the temperature of the 

uterus increases. These alterations inhibit embryonic 
development, increase the rate of early embryonic death. 
High environmental temperature particularly affects 
embryos in the pre-implantation phase (Ergene 2009; 
Samal 2013). Heat stress also affects endometrial 

prostaglandin secretion and causes embryonic death due to 
premature luteolysis (De Rensis and Scaramuzzi 2003; 
Hansen 2008; Ergene 2009; Samal 2013). An increase 
greater than 0.5°C in the temperature of the uterus has been 

reported to decrease the conception rate (12.8%) (Hansen 
2008). Based on their assessment of the results of 
superovulation treatment performed during the hot and 
cold months of the year in heifers and cows in the period 

between 2007-2010, Vieira et al. (2014) reported that the 
CL number, embryo recovery rate and degenerate embryo 
rate of the heifers were 8.1±0.5, 64.1% and 9.6%, 
respectively, in the cold season, and 6.8±0.4, 53.1% and 
11.9%, respectively, in the hot season. These researchers 

also reported the CL number, embryo recovery rate and 
degenerate embryo rate of the cows as 11.3±0.7, 79.3% and 
8.6%, respectively, in the cold season and as 9.8±0.7, 76.45 
and 11.1%, respectively, in the hot season. 

Another major factor limiting the success of embryo 
transfer programmes applied after superovulation 
treatment is the number and quality of the embryos yielded. 
Only embryos of quality grade 1 and 2, developed to the 

stage of compact morula or beyond, are considered as 
transferable (Youngs 2007; Genzebu 2015). The American 
Embryo Transfer Association reported that the mean 
number of high-quality embryos obtained post-
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superovulation was 6.6 in beef cattle and 5.7 in dairy cattle 
(Hasler 2010). Also, Galli et al. (2003) obtained an average 
of 4-6 transferable embryos after superovulation in a 
MOET programme in cows. After superovulation using 

PMSG, Akyol et al. (2004) collected 75 embryos and 30 of 
them were transferable embryos; 20 (26.6%) were graded 
as excellent, 10 (13.3%) as fair and 4 (5.3%) poor. 
Furthermore, after superovulation using FSH, Köse et al. 

(2007) reported the numbers of Grade 1 and Grade 2 
embryos as 1.9±0.7 and 1.9±0.7, respectively, and 
indicated the number of transferable embryos as 4.1±1.0. 
After applying superovulation treatment with CIDR+FSH, 

Hussein et al. (2014) reported the mean number of 
transferable embryos as 4.86±0.57 (68.46%), and the mean 
numbers of Grade 1, Grade 2 and degenerate embryos as 
3.68±0.50 (50.54%), 0.90±0.30 (14.31%) and 2.33±0.40 
(31.36%), respectively. In the present study, the 

percentages of Grade 1, Grade 2, degenerate and 
transferable embryos were 66.7, 22.2, 11.1 and 88.9%, 
respectively (Table 1). When compared to the literature 
referred to above, the number of good quality-transferable 

embryos obtained in the present study was higher. This 
favourable difference may have arisen from different 
factors such as management conditions, nutrition, age, 
breed, and type of gonadotropin used (Silva et al. 2009). 

On the other hand, the mean number of transferrable 
embryos per donor obtained in this study was low; this 
should be attributed mainly to the low collection rate 
(18.36%). So, besides the rather high superovulation rate 
(12.25±1.42 CL) and the high ratio of Grade 1 and 2 

embryos, we ended up with low mean number of 
transferrable embryos (2.0±3.23) per donor.  

The criterion for the success of bovine embryo transfer 

is usually the pregnancy rate (Gordon 1996). Generally, the 

pregnancy rates after non-surgical embryo transfers in 

cows are 50-70% and about 10% lower if frozen thawed 

embryos are used (Gordon 2004). Pérez-Mora et al. (2020) 

stated that they achieved a pregnancy rate of 75% with 

embryos produced in vivo and 54.14% with embryos 

produced in vitro after embryo transfer. Rodrigues et al. 

(2018) showed that pregnancy rates were determined as 

53% for fresh embryos and 44% for frozen embryos. 

Lestari et al. (2019) in their study using limousine embryos, 

they reported a pregnancy rate of 35% (7 out of 20 cows) 

in Indonesian cattle after embryo transfer. Barsuren et al. 

(2019) reported that pregnancy rate was 52.8%. In the 

present study, an overall pregnancy rate of 43.75% was 

achieved (50% and 25%, in heifers and cows, respectively. 

Jeon et al. (2013) reported recipient pregnancy rates of 

42.55% and 48.28% after embryo transfers performed after 

oestrus induced by CIDR+PG and natural oestrus, 

respectively. Faizah et al. (2018) showed that out of eight 

recipients, five cows were detected pregnant, a 62.5% 

pregnancy rate. Higher pregnancy rates have been reported 

by Spell et al. (2001) after the single transfer of 122 fresh 

embryos to 101 animals (82.8%) and 326 frozen-thawed to 

225 animals (69%), and by Hasler (2001) after the single 

transfer of 9023 fresh embryos (68.3%) and 2650 fresh 

embryos (77.1%), at different locations and time periods.  
Lamb (2005) reported that the best indicator to be 

taken into consideration when assessing the suitability of a 
potential recipient for embryo transfer, after transrectal 
ultrasonography and the evaluation of the ovaries, was the 
detection of oestrus followed by the palpation of a corpus 

luteum, regardless of its size and quality. Although Spell et 
al. (2001) have suggested that recipients could be selected 
regardless of oestrus detection and the size and quality of 
the corpus luteum palpated, Hasler (2004) pointed out to 
embryo quality and recipient suitability as the main two 
factors influential on pregnancy rates. In agreement with 
the latter, in the present study, satisfactory pregnancy rates 
were achieved (overall 43.75%; 50% and 25%, in heifers 
and cows, respectively) following oestrous synchronization 
and selection of recipients based on reproductive tract 
scoring by rectal palpation. 
 

Conclusion 
Although the superovulatory response of high yield 

Simmental cows were satisfactory, the embryo recovery 
rate was very low, resulting in the collection of very low 
number of transferrable embryos. Nevertheless, the quality 
of the embryos obtained, and the post-transfer pregnancy 
rates are considered to be satisfactory for a first attempt 
under field conditions. 
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