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Abstract 

Multiple ovulation and embryo transfer (MOET) has been established to mass produce in 

vivo embryos from high quality donor cows. Inducing superovulation using either follicle-

stimulating hormone (FSH) or equine chorionic gonadotrophins (eCG) influences the 

number and quality of in vivo embryos that may be recovered from a single donor cow, 

making it an essential stage in the MOET process. Therefore, the objective of this study 

included (1) comparing the superovulatory responses of donor cows, the embryos 

production rate and quality of embryos collected from Charoke cows treated with either 

FSH or eCG hormones, and (2) evaluating conception and calving rates following embryo 

transfer. All donor cows (n=33) with at least one parity were hormonally treated either 

with FSH or eCG. All of the parameters in the FSH- and eCG-treated groups did not differ 

significantly (p >0.05) in the current investigation. However, cows treated with FSH had 

a larger percentage of donors with positive superovulatory response (56%) than the eCG 

group (44%). An average of three transferable embryos was collected per animal 

receiving either FSH or eCG hormones. The production of one life calf in the embryo 

transfer demonstrated adequate progesterone levels during embryo development. 

Additionally, performing embryo transfer on day 6 following artificial insemination, with 

more than one embryo per recipient, could enhance the conception rates. In conclusion, 

this study indicated that both FSH and eCG can be utilized to superovulate donor cows 

under local conditions, resulting in the birth of live calves.  
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Introduction.                            

Reproductive biotechnologies such as 

MOET have the potential to significantly 

enhance animal breeding programmes in 

Malaysia. In vivo embryo production 

systems are recognised as remarkable 

biotechnologies in cattle due to their 

ability to generate enhanced genetic 

gains in dairy and beef cattle herds. 

Consequently, in vivo embryo 
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production using the MOET technique 

accounts for the majority of cattle 

embryos produced worldwide, despite 

the high costs and the often-variable 

number of embryos produced (Galli et 

al., 2003). This reproductive 

biotechnology can accelerate cattle 

genetic improvement programmes, 

thereby boosting animal production.  

Superovulation is a crucial step in the 

MOET technique. It is defined as the 

hormonal manipulation designed to 

enhance ovulation during the ovulatory 

cycle by stimulating the ovaries to 

release multiple oocytes (Lai et al., 

2019). Inducing superovulation in cows 

allows for the development of several 

oocytes into embryos that would 

otherwise degenerate under normal 

conditions. Gonadotropins such as FSH 

or eCG are routinely used to induce 

follicular growth and achieve multiple 

ovulations in cows. Hormones such as 

FSH and Luteinizing hormone (LH), 

extracted from the pituitary glands of 

swine and sheep (Hesser et al., 2011), is 

short half-life molecule that has become 

the preferred method for commercial-

scale induction of superovulation in 

cows. FSH is primarily responsible for 

initiating follicle development, while eCG 

exhibits both FSH - and LH-like activities 

and has a high affinity for FSH and LH 

receptors in the ovaries, making it widely 

used for superovulation in various 

mammalian species (Lunenfeld, 2004). 

Furthermore, eCG a long half-life 

molecule produced by endometrial cup 

cells of mares (Murphy and Martinuk, 

1991; De Rensis and Lopez-Gatius, 2014; 

Vilanova et al., 2019) is often preferred 

by farmers to reduce animal handling on 

the farm (Fernando et al., 2020).  

In the MOET technique, fertilization of 

oocytes by sperm is a crucial step in the 

production of embryos following 

superovulation. Fertilization occurs in 

the oviduct, specifically in the ampulla 

where sperm swim against the current in 

the uterus to the site of fertilization. The 

opportunity for sperm to fertilize the 

ovum is very brief making it essential for 

sperm to be present at the fertilization 

site when the ovum is ovulated. The 

fusion of ovum and sperm forms a 

diploid zygote (2n) which develops in 

the oviduct until it reaches the blastocyst 

stage before implanting into the uterine 

wall. This embryonic development 

progresses start from a 2-cell stage until 

blastocyst (comprising more than70 

cells) over a period of 5 – 7 days. The 

blastocyst is the final stage of the embryo 

that is suitable for transfer into the 

uterus of the recipient dam or for 

freezing in liquid nitrogen at a 

temperature of –196 °C for future use. 

Several studies have shown that 

transferring embryos created via the 

MOET process can successfully result in 

the birth of healthy kids. Embryo 

transfer is the process by which an 

embryo is collected from a donor female 

and subsequently implanted into a 

recipient female where it can complete 

its development (Stroud, 2012). This 

practice often leads to successful 

pregnancies and the birth of live calves. 

However, the conditions that influence 

embryo production and pregnancy rates 

following embryo transfer can vary 

between laboratories. An embryo 
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transfer programme involves a series of 

steps that depend on factors associated 

with the embryo, the donor and 

recipient, as well as the interaction 

among these factors (Faizah et al., 2018). 

Therefore, the objective of this study 

included (1) comparing the 

superovulatory responses of donor 

cows, as well as the embryos production 

rate and quality of embryos obtained 

from Charoke cows treated with either 

FSH or eCG hormones, and (2) evaluating 

conception and calving rates following 

embryo transfer. 

Materials and Methods  

Animal Ethics 

This study was conducted with the 

approval of the MARDI Animal Ethics 

Committee, (Approval number: 

20201130/R/MAEC00085). 

 

Animal management treatment 

This study was conducted at the National 

Animal Embryo Centre (NAEC) Complex, 

MARDI Kluang, Johore. All the animals 

included in the study were selected 

based on their normal estrus cycle and 

healthy good reproductive tracts, with 

each having at least one parity (previous 

calving). The adult animals were of 

various ages (more than 5 years old), and 

had a good body condition score 

averaging 4 and 5 on a scale of 1 to 5. 

Deworming and multivitamin were given 

at least two weeks before the 

experiment. Two or three animals were 

placed in the pens at the NAEC Complex 

where they were fed with grass and 

concentrate according to their dietary 

requirements, ad libitum access to 

drinking water. All pens were cleaned 

every morning before feeding time.  

Estrus Synchronization and 

Superovulation 

In this study, thirty-three Charoke cows 

used as donor cows. All donor cows were 

hormonally treated according to an 

established protocol (Habsah et al., 

2016) as shown in Figure 1. For 12 days, 

each cow received 1.9 g of progesterone 

using a controlled internal drug release 

device (CIDR-B; pfizer®, Eazy-Breed, 

New Zealand). The day CIDR-B was 

inserted was designated as day 0. Before 

the removal of CIDR-B on day 13, the 

donors were administered a total of 10 

ml FSH (ovine pituitary extract, ICPbio 

limited, Auckland, New Zealand) or 10 ml 

of eCG (Folligon, Intervet International 

B.V. Ireland) intramuscularly, 

administrated as either a decreasing 

dose or a single dose, respectively, for 

superovulation hormone treatment. This 

was followed by 2 ml of intramuscular 

injection of Prostaglandin-F2α (PGF2: 

Estrumate, Schering-Plough) on day 13. 

Signs of estrus were observed 36-72 

hours after the removal of CIDR-B. 

During this period, estrous cows 

received 2 ml of Receptal, 6 hours of 

standing heat detection and fixed-time 

artificial insemination was performed 48 

and 60 h after CIDR removal. Embryo’s 

recovery was carried out on day 6 after 

the last insemination.  

Embryo collection 

Embryo flushing was conducted using



Mal. J. Anim. Sci. 27(2): 39-52 September 2024                  Malaysian Society of Animal Production 

42 
 

 

Figure 1: MOET programme schedule used in the study

boviflush solution (Boviflush; Miniture 

Australia Pty. Ltd., Smythesdale, VIC, 

Australia) on day 6. During the flushing 

procedure, a two-way rubber catheter 

was inserted past the cervix and into the 

uterus. A 20 ml balloon was utilised to 

secure the catheter during the procedure 

in order to collect the flushing media and 

uterine contents. After the flushing, the 

media was transported to the laboratory 

to search for embryos using a stereo 

microscope. The collected embryos were 

evaluated and graded before placing in 

bovihold media ((Bovihold; Miniture 

Australia Pty. Ltd., Smythesdale, VIC, 

Australia) and frozen in liquid nitrogen 

at -196oC for future use. 

Embryo transfer 

On day eleven before to CIDR-B removal, 

all recipient dams received Thirty 

recipient dams were used in three 

embryo transfer (ET) programs. natoque 

dictum iaculis litora dapibus. On day 

eleven before to CIDR-B removal, all 

recipient dams received On day eleven 

before to CIDR-B removal, all recipient 

dams received intramuscular injections 

of PGF2α after receiving a CIDR-B 

containing 1.9 g of progesterone for 12 

days. After CIDR-B was removed, oestrus 

was found 36–72 hours later. The frozen 

embryos from Experiment 1 were non-

surgically implanted into the uteri of 

recipient Charoke cows on day 6 of the 

oestrous cycle. In the experiments, each 

recipient dams received one or more 

embryos of in vivo-derived embryos 

with the present of corpus luteum. Rectal 

palpation was used to diagnose 

pregnancy at 90, 150 and 270 days after 

embryo transfer. 

Experimental design 

Two separate experiments were 

designed to assess the effectiveness of 

estrus synchronization and 

superovulation using 2 types of 

gonadotropins hormone, in vivo embryo 

production and transfer, and pregnancy 

rates involving Charoke cows as donor 

and recipient dams as shown in Figure 2.
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Figure 2: Illustration of experimental design involved in the study

Experiment 1  

In Experiment 1, a total of thirty-three 

Charoke cows were selected as donors to 

produce in-vivo embryos. The estrus 

synchronization and superovulation of 

Charoke cows were performed 

according to the procedure described 

above. The Charoke donor cows was 

treated either with FSH – Ovagen (n=18) 

or eCG – Foligon (n=15) hormones to 

produce in-vivo embryos and frozen in 

liquid nitrogen at -196oC for embryo 

transfer. 

Experiment 2 

Three embryo transfer programmes 

were conducted using 30 recipient dams. 

Estrus synchronization of a recipient 

cows was performed according to the 
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procedures described above. On day 6 of 

the estrous cycle, each responding 

recipient dam that had a corpus luteum 

received one or more in vivo-derived 

embryos. Only recipients with CL were 

used in the study.  The number of 

embryos transferred was based on 

availability and were placed in the 

uterine horn ipsilaterally based on the 

detection of corpus lutea. Rectal 

palpation was used to diagnose 

pregnancy at 90, 150 and 270 days after 

embryo transfer. 

Statistical Analysis 

In Experiment 1, proportional data on 

the superovulatory response, embryos 

production rates, and embryo quality 

from Charoke cows treated with FSH or 

eCG hormones were analyzed using 

Analysis of Variance and Duncan’s 

Multiple Range Test to assess the 

significance of the subsequent 

development between treatments at 

p<0.05 (SPSS, Version 17). In 

Experiment 2, descriptive data on 

conception and pregnancy rates at 90, 

150 and 270 days after embryo transfer 

were collected and discussed.   

Results and discussion 

In the present study, the number of 

Charoke donors with a positive 

superovulatory response was higher in 

the FSH-Ovagen group than in the eCG-

foligon group, as demonstrated in Table 

1. The effects of superovulation with FSH 

treatments were at least similar to, if not

Table 1: Effect of gonadotropins on superovulatory response (SR) and embryo 

production in Charoke cows. 

 

Values for recovery of embryos are mean + standard error of the mean, per cow with positive SR. 
a mean between column within the same row were not significantly different at p>0.05. 
x, y means within same column with different superscripts were significantly different at p<0.05

 

greater than those achieved with eCG as 

reported in a previous study (Purohit et 

al., 2006). In this study, 56% of Charoke 

donor cows responded to FSH- 

 

treatment, compared to 44% in the eCG-

treated groups. Previous studies 

indicated that 70-94% of donor cows 

responded to FSH treatment (Quaresma 
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et al., 2003; Baruselli et al., 2006; Purohit 

et al., 2006). These results may be 

attributable to the type and dose of 

hormones used (Baruselli et al., 2011). A 

significant difference (p<0.05) was 

observed in the number of degenerated 

embryos compared to the total number 

of ova recovered in the FSH-treated 

group. In contrast, the eCG-treated group 

showed a significantly higher (p<0.05) 

total number of ova, viable embryos and 

non-fertilized oocytes compared to the 

group with degenerated embryos. The 

incidence of degenerated embryos was 

absent in eCG-treated Charoke cows’ 

group but was higher in the FSH-treated 

group.  

The number of embryos 

harvested per animal did not differ 

between the FSH- and eCG treated 

groups with an average of three embryos 

collected per animal using either FSH or 

eCG hormones. The quantity of 

transferable quality embryos obtained in 

a prior study varied from 3.0 to 8.2, 

which was thought to be connected to 

the kind and amount of superovulation 

hormones used (Baruselli et al., 2011; 

Unnikrishnan et al., 2014). Variability in 

donor cows' superovulatory responses 

after gonadotropin treatments could be 

the cause of the discrepancies between 

our findings and those previously 

published, as well as other factors such 

as breed and age of donor cows, and local 

environmental conditions.  

Apart from FSH, eCG has been 

used in fixed-time artificial insemination 

procedures in cattle to enhance fertility 

rates due to its ability to promote 

follicular growth, among other effects 

(Murphy, 2012; Nunex-Olivera et al., 

2014). In the current investigation, there 

were no deteriorated embryos and a 

greater number of unfertilized eggs were 

linked to the usage of eCG hormones. The 

application of eCG has proven to be an 

effective treatment for increasing 

fertility, particularly in beef breeds 

(Nogueira et al., 2014); however, results 

have been inconsistent in dairy cattle 

(Pulley et al., 2013). Experiments 

worldwide have been used dosages of 

eCG ranging from 300 to 3000 IU 

producing varying outcomes 

(Unnikrishnan et al., 2014; Fernando et 

al., 2020; Minguez and Calvo, 2020; 

Lonergan & Sanchez, 2022). In addition 

to the type and dose of hormones used in 

superovulation, factor such as the age 

and breed of donor cows may also 

influence outcomes, especially since 

older cows were included in this study as 

suggested by Macmillian et al. (2018).  

The results of the embryo 

transfer on Charoke cows as recipient 

dams and using in vivo embryos 

recovered from Experiment 1 were 

shown as in Table 2 and Figure 3. In the 

study, only 47% (14 out of 30) of the 

recipient dams had corpus luteum and 

included in the embryo transfer 

programme. The presence of corpus 

lutea is one of the indicators to achieving 

a full-term pregnancy. Embryo transfer 

programmes that produced positive 

results were further elaborate in Table 3 

and Table 4.
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Table 2: The results of the embryo transfer on Charoke cows. 

 

 

 
Figure 3: Recovery of in vivo embryos from MOET programme.

Our results from the initial embryo 

transfer programme showed that when 

PD was conducted 90 days after embryo 

transfer, 50% of pregnancies were 

detected in the recipient dams.  

However, by day 150 after 

embryo transfer, the number of 

pregnancies in all recipients had 

decreased compared to day 90, 

ultimately resulting in total foetal loss by 

day 270 as shown in Table 3. 

Additionally, the recipient dams failed to 

conceive entirely during the second 

embryo transfer programme. In cattle, it 

is estimated that approximately 40% of 

conception loss to occurs between days 8 

and 16 of pregnancy (Sreenan and 

Diskin, 1986; Diskin et al., 2006; Diskin 

and Morris, 2008). Despite a fertilization 

rate of approximately 90% after artificial 

insemination, calving rates range from 

30 to 50%, indicating significant 

embryonic and foetal losses (Sofia et al., 

2018). Early embryonic loss was 

estimated at 29%, accounting for the 

majority of pregnancy losses, while late 

embryonic and foetal loss were 

estimated at 14%, and 13%, respectively 

(Sofia et al., 2018). Additionally, the 

freezing and thawing process is complex 

and typically results in a 10 to 20% 

reduction in pregnancy rates compared 

to those observed with fresh embryos 

(Siedel & Siedel,1991; Thalkar, 2018).  
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Animal pregnancy rates, uterine 

environment management, pregnancy 

maintenance, embryonic growth rates, 

and embryo survival are all correlated 

with circulating progesterone levels 

following fertilization (Lonergan et al., 

2013; Lonergan, 2015). Consequently, 

insufficient levels of progesterone in the 

uterine lumen may have contributed to 

pregnancy loss and the fetal loss seen in 

the study (Madureira et al., 2021: Thanh 

et al., 2023). 

Additionally, circulating progesterone 

levels are known to be associated with 

embryo viability and early embryo loss 

(Morris & Diskin, 2008; Lonergan & 

Sánchez, 2020). Higher progesterone 

levels stimulate embryo growth during 

the critical period of maternal 

recognition of pregnancy (Starbuck et al., 

2004; Fair and Lonergan, 2012; Karen et 

al., 2014). 

Table 3: The results of the first embryo transfer programme on Charoke cows 

 

 

Table 4: The results of the third embryo transfer programme on Charoke cows. 
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Figure 4: A calf born from an embryo 

transferred to the Charoke cow recipient 

with ID B5029. 

In the present study, embryos 

were transferred on day 6 post-artificial 

insemination in all three programmes. 

Progesterone levels on day 6 following 

artificial insemination have been shown 

to positively correlate with pregnancy 

rates (Thanh et al., 2023). The 

production of one life calf in the third 

embryo transfer programme indicates 

that adequate progesterone levels were 

maintained during embryo development 

in the uterus. Furthermore, 

progesterone levels are considered 

crucial for enhancing the success of 

embryo transfer (Budiyanto et al., 2022). 

The pregnancy rate in cows following 

non-surgical embryo transfer was lowest 

when progesterone levels on day 7 were 

less than 2.0 ng/ml, highest when levels 

were between 2 and 5 ng/ml, and 

decreased once more when levels 

exceeded 5 ng/ml, according to Niemann 

et al. (1985). Additionally, some 

recipients in the present study were 

transferred with more than one embryo, 

which may improve conception and 

survival rates of the newborn calf (Davis 

et al., 1989). Another study found that 

multiparous animals exhibited higher 

calving rates but also experience greater 

mortality compared to nulliparous 

animals (Gebbels et al., 2023). This 

suggests that younger recipients should 

receive more attention than older cows 

when evaluating embryo transfer 

success rate.  

The reproductive processes 

involved in the initiation and 

maintenance of pregnancy are known to 

be significantly influenced by 

progesterone. In the present study, 80% 

(4 out of 5) of the pregnant cows did not 

carry their pregnancies to full term, 

suggesting that progesterone levels may 

have been insufficient. The growth and 

development of the conceptus rely on 

progesterone’s action on the uterus to 

control endometrial function, which 

includes pregnancy recognition, 

conceptus-maternal interactions, and 

uterine receptivity for implantation. 

Progesterone creates optimal uterine 

conditions for embryo development 

through its effects on the uterine 

endometrium.  

Conclusion 

This study proved that, under local 

settings, donor cows can be successfully 

superovulate using FSH and eCG. An 

average of three transferable embryo per 

donor cow was produced in Charoke 

cows. Variability in outcomes may be 
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attributed to differences in the 

superovulatory responses of donors 

following gonadotropin treatments such 

as FSH or eCG, as well as factors such as 

the breed and age of donor cows, and 

local environmental conditions. The 

production of one viable calf in the third 

embryo transfer programmes 

demonstrated that adequate 

progesterone levels were maintained 

during embryo development in the 

uterus. Progesterone levels on day 6 

following artificial insemination for 

embryo transfer have been shown to 

positively correlate with pregnancy 

rates. However, 80% (4 out of 5) of the 

pregnant cows in this study did not carry 

their pregnancies to full term. 

Additionally, some recipients were 

transferred with more than one embryo, 

which may enhance the conception rate. 

This MOET programme can be improved 

through careful preparation of both 

donors and recipients, including 

selection based on historical 

performance, and the administration of 

FSH and eCG hormones that stimulate 

the growth of follicles in the ovaries. 

Monitoring the number of corpus luteum 

observed during embryo transfer, and 

along with employing skilled technicians 

are also essential prerequisites for 

establishing a high success rate and 

efficiency in MOET technologies. 

Acknowledgement 

The project was financially supported by 

the `In vitro embryo production and twin 

birth in cattle’ project under SKB 

(Ruminant Industry), K-RL97-1001-KSR 

999.  

 

Conflict of interest 

The authors state that there are no 

conflicts of interest in this study. 

References 

Baruselli, P.S., de Sa Filho, M.F., Martins, 

C.M., Nasser, L.F., Noqueira, M.F.G., 

Barros, C.M., & Bo, G.A. 2006. 

Superovulation and embryo 

transfer in Bos indicus cattle. 

Theriogenology 65: 77 – 88  

Baruselli, P.S., Ferreira, R.M., Sales, J.N.S., 

Gimenes, L.U., Sa Filho, M.F., 

Martins, C.M., Rodriques, C.A., & Bo, 

G.A. 2011. Timed embryo transfer 

programs for management of 

donor and recipient cattle. 

Theriogenology 76: 1583 – 1593  

Budiyanto, A., Ariwati, D.L., Priyo, T.W. 

Jr., Maryatmo, M.A., & Abimata, P.A. 

2022. Study of embryo transfer 

recipient factors based on the 

corpus luteum, endometrial 

thickness, and hormone levels in 

beef cattle in Yogyakarta, 

Indonesia. IOP Conf. Ser. Earth 

Environ. Sci. 1001:012017 

Chacon, F.N., Palacios, F.M., Sedano, R.C., 

& Ahuja-Aquirre, C. 2020. Embryo 

production after superovulation of 

bovine donors with a reduced 

number of FSH applications and an 

increased eCG dose. 

Theriogenology. 141: 168-172 

Davis, M.E., Harvey, W.R., Bishop, M.D., & 

Hearheart, W.W. 1989. Use of 

embryo transfer to induce 

twinning in beef cattle: embryo 

survival rate, gestation length, 



Mal. J. Anim. Sci. 27(2): 39-52 September 2024                  Malaysian Society of Animal Production 

50 
 

birth weight and weaning weight of 

calves. J. Anim Sci.  67(2):301-10 

De Rensis, F., & Lopez-Gatius, F. 2014. 

Use of Equine chorionic 

gonadotropin to control 

reproduction of the dairy cow: A 

Review. Reprod. Domest. Anim. 49: 

177-182 

Diskin, M.G., Murphy, J.J., & Sreenan, J.M. 

2006. Embryo survival in dairy 

cows managed under pastoral 

conditions. Anim. Reprod. Sci. 96: 

297-311 

Diskin, M.G., & Morris, D.G. 2008. 

Embryonic and early foetal losses 

in cattle and other  ruminants. 

Reprod. Domest. Anim. 43 (Suppl 2): 

260-7 

Fair, T., & Lonergan, P. 2012. The role of 

progesterone in oocyte acquisition 

of developmental competence. 

Reprod. Domest. Anim. 47:142–7 

Faizah, H.M.S., Richard, F., Meena, P., 

Stanley, K.L., Amriana, K.L., 

Alhasany, A., Yadav, S.B., Marie, L., 

Crouch, B., & Son and Saipul, B.A.R. 

2018. Multiple Ovulation and 

Embryo Transfer (MOET) in dairy 

cattle in Gatton. Mal. J. of Vet. Res. 

Vol 9(2): 109-116. 

Galli, C., Duchi, R., Crotti, G., Turini, P., 

Ponderato, N., Colleoni, S., 

Lagutina, I., & Lazzari, G. 2003. 

Bovine embryo technologies. 

Theriogenology. 15; 59(2):599-616  

Gebbels, N., Kragt, M.E., & Vercoe, P.E. 

2023. Twinning in cattle: a 

pathway for reducing the methane 

intensity of beef. Anim. Prod. Sci. 

63(13):1340-1348  

Habsah, B., Musaddin, K., Izuan Bahtiar, 

A.J., Ahmad, J., & Shamsul Azlin, A.S. 

2016. Effects of calcium ionophore 

A23187 on oocyte activation, 

embryo development following 

intracytoplasmic sperm injection 

technique and pregnancy rate in 

bovine. J. Trop. Agric. Food. Sci. 

44(2): 229 – 241 

Hesser, M., Morris, J., & Gibbons, J. 2011. 

Advances in recombinant 

gonadotropin production for use in 

bovine superovulation. Reprod. 

Domest. Anim. 46: 933-942 

Karen A, Bajcsy ÁC, Minoia R, Kovacs R, 

de Sousa NM, Beckers J-F, et al. 

(2014). Relationship of 

progesterone, bovine pregnancy-

associated glycoprotein-1 and 

nitric oxide with late embryonic 

and early foetal mortalities in dairy 

cows. J. Reprod. Dev. 60:162–7 

Lai, D.B., Schwantes-An, T.H., Corbin, T.J., 

& White, K.E. 2019. Skeletal 

Genetics: From Gene Identification 

to Murine Models of Disease. In 

Basic and Applied Bone Biology 

(Second Edition). pages 159-185 

Lonergan, P. 2015. New insights into the 

function of progesterone in early 

pregnancy. Anim. Frontiers. 5:12-

17.  

Lonergan, P., O’Hara, L., & Forde, N. 2013. 

Role of diestrus progesterone on 

endometrial function and 

conceptus development in cattle. 

Anim. Reprod. 10:223-227. 



Mal. J. Anim. Sci. 27(2): 39-52 September 2024                  Malaysian Society of Animal Production 

51 
 

Lonergan, P., & Sanchez, J.M. 2020.  

Symposium Review: Progesterone 

effects on early embryo 

development in cattle. J. Dairy Sci. 

103:8698-8707  

Lonergan, P., & Shanchez, J.M. 2022. 

Gamete and embryo technology: 

multiple ovulation and embryo 

transfer.  In: Encyclopedia of Dairy 

Sciences (Third Edition). Pages 

881-889.  

Lunenfeld, B. 2004. Historical 

perspectives in gonadotrophin 

therapy. Human Reproduction 

Update, Volume 10 (Issue 6): 453 – 

467.https://doi.org/10.1093/hum

upd/dmh044 

Macmillan, K., Kastelic, J.P., & Colazo, 

M.G. 2018. Review: Update on 

Multiple Ovulations in Dairy Cattle. 

Animals. 8(5), 62. 

Madureira, A.M., Burnett, T.A., Borchardt, 

S., Heuwieser, W., Baes, CF., 

Vasconcelos, JL., & Cerri, R.L. 2021. 

Plasma concentrations of 

progesterone in the preceding 

estrous cycle are associated with 

the intensity of estrus and fertility 

of Holstein cows. PLOS One. 16:   

Minguez, C., & Calvo, A. 2020. Effect of 

equine chorionic gonadotropin on 

pregnancy rate in Brown Swiss 

cows under high altitude 

conditions. J. Appl. Anim. Res., 48 

(1): 121-125 

Morris, D., & Diskin, M. 2008. Effect of 

progesterone on embryo survival. 

Animals. 2:1112-1119.  

Murphy, B.D. 2012. Equine chorionic 

gonadotropin: an enigmatic but 

essential tool. Anim. Reprod. 9: 223-

230  

Murphy, B.D., & Martinuk, S.D. 1991. 

Equine chorionic gonadotropin. 

Endocr. Rev. 12: 27-44 

Niemann, H., Dacher, B., & Elsaesser, F. 

1985. Pregnancy rates relative to 

recipient plasma progesterone 

levels on the day of nonsurgical 

transfer of frozen/thawed bovine 

embryos. Theriogenology. 23: 631-

639 

Noqueira, E., Nascimento Bavista, D.S., 

Costa Filho, L.C.C., Dias, A.M., & 

Silva, J.C.B., & Itavo, L.C.V. 2014. 

Pregnancy rate in lactating Bos 

indicus cows subjected to fixed-

time artificial insemination and 

treated with different follicular 

growth inducers. Rev. Bras. de 

Zootec. 43(7): 358-362. 

Nunex-Olivera, R., Batista, D.S.N., Costa 

Filho, L.C.C., Dias, A.M., & Silva, 

J.C.B. 2014. Ovulatory response and 

luteal function after eCG 

administration at the end of a 

progesterone and estradiol-based 

treatment in postpartum anestrous 

beef cattle. Anim. Reprod. Sci. 146: 

111-116.  

Pulley, S.L., Wallace, L.D., Mellien, H.I., & 

Stevenson, J.S. 2013. Ovarian 

characteristics, serum 

concentrations of progesterone 

and oestradiol, and fertility in 

lactating dairy cows in response to 

equine chorionic gonadotropin. 

Theriogenology. 79:127-134 



Mal. J. Anim. Sci. 27(2): 39-52 September 2024                  Malaysian Society of Animal Production 

52 
 

Purohit, G.N., Kumar, D., Vyas, S., Gaur, 

M., Yadav, R.C., Gupta, K.A., & 

Sharma, S.S. 2006. Superovulation 

and embryo recoveries in Rathi 

(Bos indicus) cattle: Effect of equine 

chorionic gonadotropin or porcine 

FSH. Indian J. Anim. Res. 40(2): 164 

– 166 

Quaresma, M.A., Lopes da Costa, L., & 

Robalo, J. 2003. Superovulation of 

Mertolenga cows with two FSH 

preparations (FSH-P and 

FOLLTROPIN). Silva Rev. Port. Cienc 

Vet. 98(546): 81-84. 

Seidel, G.E., & Siedel, S.M. 1991. Chapter 

11: Success rates of embryo 

transfer. In Training manual of 

embryo transfer in cattle. 

https://www.fao.org/4/t0117e/t0

117e12. htm 

Sofia, N., Gustafsson, H., & Berglund, B. 

2018. Extent and pattern of 

pregnancy losses and progesterone 

levels during gestation in Swedish 

Red and Swedish Holstein dairy 

cows. Acta Vet. Scandi. 60, Article 

number: 68 

Sreenan, J.M., & Diskin, M.G. 1986. The 

extent and timing of embryonic 

mortality in cattle. In: Sreenan, J.M., 

& Diskin, M.G. (editors). Embryonic 

mortality in farm animals. 

Brussels:Martinus Nijhoff, pp 142-

58 

Starbuck, M.J., Dailey, R.A., & Inskeep, 

E.K. 2004. Factors affecting 

retention of early pregnancy in 

dairy cattle. Anim. Reprod. Sci. 

84:27–39. 

Stroud, B. IETS. 2012. Statistics and Data 

Retrieval Committee Report. The 

year 2011 worldwide statistics of 

embryo transfer in domestic farm 

animals. Embryo Transfer News 

Letter. 30, 16-26. 

Thalkar, M.G. 2018. Embryo transfer 

technology in cattle. Indian Farmer. 

5(09): 984-987 

Thanh, N.V., Hang, P.T., Gioi, P.V., Toan, 

N.C., & Long, S.T. 2023. The 

relationship between plasma 

progesterone concentration on Day 

6 after Artificial insemination and 

pregnancy rate of dairy cows in 

Vietnam. Tropical Anim. Sci. J. 

46(2): 146-150.  

Unnikrishnan, M.P., Becha, B.B., & 

Harshan, H.M. 2014.  

Superovulatory response and 

embryo recovery rate of crossbred 

cattle treated with eCG and 

Dinoprost. Indian Vet. J. 91(05): 09-

11  

Vilanova, X.M., De Brivne, N., Beaver, B. & 

Turner, P.V. 2019. Horse Welfare 

During Equine Chorionic 

Gonadotropin (eCG) Production. 

Animals. 9(12):1053. 


