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Abstract. Frozen-thawed Belgian Blue (BB) Embryo transfer (TE) is an effort of fulfilling meat demand in 

Indonesia. This research aimed at observing the correlation between estrus expressions of standing heat and 

the correlation of CL characteristics on the success rate of frozen-thawed BB embryo transfer. The study was 

conducted on 55 recipient cattle with 62 times of TE application, which were categorized into three groups, 

namely FTET estrus synchronization (n=14), 24-hour natural estrus detection (n=30) and twice-a-day natural 

estrus detection (n=18). The implemented synchronization was the combination of estradiol-progesterone and 

hCG with the modification of 24-hour estrus detection between day-9 and 10. The second method was a 

natural estrus detection, which was conducted four times for 30 minutes, and the third method was twice-a-

day estrus detection for 90 minutes. The CL characteristics were observed using ultrasonography (USG) in 

the TE application day. Pregnancy per ET (P/ET) was determined by ultrasonography on d-20, 30, and 50. 

This research revealed that expressions of standing heat increased P/ET (P<0.05). The pregnancy loss rate 

was lower of the recipient which showed the estrus expression of standing heat (18.18%) compared to 

recipients did not show standing heat (40%). Based on the estrus detection method, there was no significant 

difference between the FTET modification method and the percentage of pregnancy (p>0.05). The CL 

characteristics showed there was no correlation between CL diameter with the pregnancy success rate of TE 

(p>0.05). 
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1  Introduction  

The demand for beef in Indonesia continuously increases 

along with population growth. Meanwhile, the supply of 

local cow meat currently on average only fulfills 65.24% 

of the national need [1]. Various efforts are conducted to 

overcome that problem, one of them is by implementing 

reproduction technology to increase genetic performance 

related to the productivity increase, which is the 

utilization of Embryo transfer (TE) technology [2]. 

Embryo transfer (TE) is reproduction biotechnology 

which has the advantage of being able to accelerate the 

increase in livestock's genetic quality and obtaining high-

quality genetic cows with a significant number in a fast 

time [3]. Another advantage is that the distribution of 

frozen-thawed embryo is more efficient compared to 

livestock distribution, therefore the acceleration of 

livestock quality improvement can be achieved [2]. The 

accelerations are conducted through TE using a frozen-

thawed Belgian Blue (BB) cow. Belgian Blue is known to 

have high efficiency with large muscle mass and rapid 

growth [4, 5] so that it is expected to help food self –

sufficiency achieved. 

Application of TE in Indonesia began in the 1980s, 

however, until now the success rates of TE varied and the 

impact is relatively small for the development and the 

increase in livestock production [2]. One of the causes of 

that is the difficulties of finding recipients which are 

appropriate of transfer in the field [6], in which it depends 

on the accuracy of estrus detection [7] and the quality of 

corpus luteum (CL) during transfer [3].  

Estrus detection is an essential aspect of the success 

of TE since it determines TE application time [8].  

Standing heat expression is the best predictor for 

ovulation time and has a positive correlation with 

estradiol concentration [9, 10]. [11] assert that estrus 

expression of standing heat on recipient cows 

significantly affects the success of TE. The occurring 

problem is the difficulties in determining estrus 

expressions accurately and efficiently [12]. This 

encourages numerous studies which develop estrus 

detection methods, among them are manual observation 4 

times a day [10] using instrument such as tail paint and 

estrus detector [12] or synchronization the time of 

ovulation use estradiol (E2), progesterone (P4), and 

PGF2α to synchronize ovarian function and time 
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ovulation to allow fixed Time TE /FTET [7]. The 

occurring problem in Indonesia is that estrus detection is 

generally only performed twice-a-day and estrus criteria 

assessment is not yet set as one of the requirements of 

transfer-appropriate recipient selection.  

Another aspect besides precise estrus detection 

which becomes important is the quality of CL on TE 

application day [6]. This is in line with the statement by 

Spell [3] who states that the size and character of CL 

during transfer cannot increase the success rate of TE. 

Meanwhile, [13] who researched beef cattle states that the 

success rate of pregnancy is influenced by CL size. Many 

factors mentioned above became the background of this 

research which was conducting recipient selection with 

various estrus detection methods to identify the 

correlation between estrus expression of standing heat as 

well as CL characteristic in the success rate of frozen-

thawed BB embryo transfer.  

 

2  Materials and Methods 
 
This research was conducted at the Livestock Embryo 

Center (BET) Cipelang, Bogor. This study was held from 

January to December 2018. The recipients used in this 

study were 55 female Friesian Holstein cows with the 

ages ranged between ± 4-7 years old, healthy, have a 

normal estrus cycle and minimum has given birth once. 

The body condition scores (BCS) were between 2.75 to 3 

and not pregnant. The livestock was maintained in a free-

stall housing system,  forage-fed and concentrate. 

2.1. Detection of Estrus 

Estrus observation was conducted visually by observing 

the estrus expression shown by recipients which were 

determined by estrus clinical expressions; the discharge of 

vaginal mucus, red-colored vulva, swelling, smelling and 

sniffing mount another female, standing heat for ≥5 

seconds.  

Table 1. The assessment of estrus expressions  

Estrus expressions Observable Estrus expressions 

Without the 

expression of 

standing heat 

The discharge of vaginal mucus, 

smelling and sniffing another female 

vulva, mounting another female   

Standing heat Standing heat for ≥5 seconds  

2.2  Animals and Treatment 

Transfer embryo applications were conducted 62 times on 

55 cow recipients; which the 7 cows were not pregnant on 

the first application, and then another transfer was 

performed on the next cycle. The first group was a natural 

estrus group consisted of 48 cows, and the second group 

was a synchronization group (FTET) consisted of 14 

cows. The natural estrus group was categorized into two 

subgroups, namely twice-a-day natural estrus (30 cows) 

and 24-hour observation (18 cows). 

The implemented embryo transfer method was 

direct. The used embryo was a 7-day-old frozen-thawed 

BB embryo. The qualification of the used embryo was 

embryo with good or excellent quality, referring to the 

embryo assessment criteria released by IETS 

(International Embryo Transfer Society). 

The identification and measurement of CL were 

conducted directly using USG (Draminski 4Vet Portable 

Ultrasound®) had straight rectal transducer with doppler 

B-Mode and a frequency of 7.5 Mhz. The ovary was 

scanned several times with latero-medial and dorsoventral 

positions to obtain the longest CL diameter, and The CL 

cavity was measured as a correction factor. Embryo 

transfer was conducted in ipsilateral with CL.  

2.3.  24-hour Natural Estrus Detection 

The natural estrus method was conducted by estrus 

detection on recipients, and day-0 was calculated from the 

emergence of estrus expressions. The detection was 

performed 24 hours four times in 30 minutes of each 

observation (04.00, 10.00 AM and 04.00, 10.00 PM). On 

day-0, the observation was conducted using USG. 

Transfer embryo application on day-7 after estrus 

expressions was observable.  

2.4.  Twice-a-day Natural Estrus Detection  

The estrus detection method used the same method as 

conducted for 24 hours of detection. Except,  the 

detections were conducted twice a day for 1.5 hours of 

each, which were at 06.30-08.00 a.m. and afternoon at 

12.00-01.30 p.m.  

2.5.  Estrus Synchronization  

The synchronization method used the protocol 

modification of Fixed Time Embryo Transfer (FTET) (Bo 

et al. 2002) with the additional estrus detection. The 

FTET protocol was conducted using the progesterone 

implant combination of intravaginal progesterone (P4), 

estradiol benzoate (EB), human chorionic gonadotrophin 

(hCG) and prostaglandin (PGF2ɑ). The intravaginal 

progesterone (Cu-Mate®) was inserted on day-0, 2 mg 

Estradiol Benzoate (EB) (Merck®) and 50 mg P4 

(Potahormon®) was injected in intra-muscular (IM) at the 

same day. On the day-5, 5 ml (25 mg dinoprost 

tromethamine) PGF2ɑ (Lutalyse®) was injected. Cue-

Mate® implant was removed on day-8, thereafter on day-

9 was injected with 1 mg EB and 1.500 IU hCG 

(Chorulon®) intra-muscular (IM). TE application was 

conducted on the day-17.   

2.6.  Pregnancy Success and Pregnancy Loss 

The pregnancy examination was conducted using USG. 

The USG technique used was real times  (B mode), using 

transrectal Doppler USG (Draminski 4Vet®), with a 

frequency of 7.5 MHz transducers linear rectal. 

Pregnancy success (P/ET) was calculated using the 

pregnant cows at the pregnancy diagnosis at day-20, 30 
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and 50 from the total number of the cow that ovulated (CL 

present on day-7). Pregnancy loss was calculated by 

dividing the number of cows that lost their pregnancy 

after  day-20 by the number of pregnant cows at 

pregnancy diagnosis on day-20. 

2.7.  Statistical analysis 

The obtained data to determine the correlation of CL 

characteristics with the success rate of TE pregnancy were 

analyzed using Pearson simple correlation test. The 

correlation between estrus detection and estrus 

expressions of standing heat on TE pregnancy success rate 

was analyzed using Chi-square with α = 0.05.  

 
 

3 Results and Discussion 
 
The present study revealed that estrus detection using 

FTET modification method and 24-hour natural estrus 

detection increased the number of recipients with estrus 

expressions of standing heat higher which were 42.86% 

and 50% respectively compared to twice-a-day detection 

which was 22.2%.  The pregnancy rate on standing heat 

recipients with FTET and 24-hour estrus detection 

methods was 83.3% and 33.3%, respectively. While 

twice-a-day estrus detection was 25% only (Table 2).  

The estrus detection to determine the day-0 on TE 

application is an essential aspect in determining the 

success rate of TE [14]. According to [10], twice-a-day 

estrus detection only has 19% of the possibility to observe 

standing heat, and the percentage would increase by 30% 

if the estrus detections were performed three times a day 

for 30 minutes. With a higher accuracy number, the 

pregnancy rate was also expected to be higher [15].   

The fixed time embryo transfer/FTET 

synchronization method was used to increase the 

efficiency in livestock management without estrus 

detection [8]. In the present study, FTET was modified 

conducted by additional estrus detection. The success rate 

of pregnancy with the FTET modification method had a 

significant difference  (p<0.05) between recipients which 

showed estrus expressions of standing heat and non-

standing heat. The pregnancy rate of recipients which 

showed estrus expressions of standing heat at the 

pregnancy period of 30 and 50 days was 66.6%. 

Meanwhile,  the recipients who did not show estrus 

expressions of standing heat had a pregnancy rate of 0% 

(Table 3). 

The expression of standing heat shown a significant 

effect on the TE success rate of recipients  (p<0.05). The 

recipients who showed estrus expression of standing heat 

had a pregnancy rate of 44%; while the cows which 

showed estrus expression without standing heat had a 

pregnancy rate of 13.51%. In the present study, estrus 

expressions of standing heat did not have a significant 

pregnancy loss compared to non-standing heat (p>0.05). 

However, based on the percentage of non-standing heat 

recipients had a higher rate of pregnancy loss (40%) 

compared to the recipients which showed standing heat 

(18.18%) (Table 3).  

The combination of estradiol and progesterone will 

suppress antral follicle development. This mechanism 

affects systemically on minimizing estrogen secretion and 

the inhibition of follicle growth so that it affected the 

decrease in FSH hormone production. Once estradiol is 

metabolized, FSH concentration will arise in circulation 

and followed by follicle wave of 4.1 ± 0.1 days after the 

treatment [16], the ovulation can occur on the day-10 [17]. 

The synchronization method with the combination of 

estradiol-progesterone on TE application is reported to be 

able to increase the number of recipients between 75-80% 

[8, 17]. The use of 1 mg EB on day-9 in this method 

functioned to increase LH concentration significantly and 

cause ovulation [18]. According to [19], the 

administration of estradiol 1 mg exogenously and hCG 

exogenously has been able to increase LH concentration 

and cause ovulation. 

The results present study were in line with the report 

by [11] as well as [20] that state that estrus expression has 

a significant correlation with the success rate of TE. [11] 

state that recipients who showed estrus expression have 

the success rate of pregnancy 60 days higher (37.5%) than 

the cows which did not show (25.1%).  

This result for pregnancy loss rate is in line with the 

research by Bó and [20] that standing heat estrus 

Table 2 Effect of various estrus detection methods on the 

percentage of TE success rate 

Parameter  

Method 

FTET 

24-hour 

natural 

estrus  

Twice-a-day 

 natural estrus  

Standing heat 

recipient  

6/14 

(42.86) 

15/30 

(50) 

4/18 

(22.2) 

Standing heat 
recipient’s 

pregnancy 

5/6 
(83.3) 

5/15 
(33.3) 

1/4 
(25) 

Non-standing 

heat recipient's 

pregnancy 
 

0/8 

(0) 

3/15 

(20) 

2/14 

(14.28) 

 

Table 3 The correlation of TE success rate and estrus 
expression 

Pregnancy (%) 

Estrus expression 

Standing Heat 
Non-Standing 

Heat 

 FTET   
d-20 5/6 (83.3)a 0/8 (0 )b 
d-30 4/6 (66.6)a 0/8 (0 )b 

d-50 4/6 (66.6)a 0/8 (0 )b 

   
Natural estrus   
d-20 6/19 (31.57) 5/29 (17.24) 

d-30 5/19 (26.31) 4/29 (13.79) 
d-50 5/19 (26.31) 3/29 (10.34) 

   
All Method 11/25 (44)a 5/37 (13.51)b 

Pregnancy Loss 2/11 (18.18) 2/5 (40) 

Note: Means in the same columns with different superscripts 

differ significantly (P<0.05). 
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recipients have a lower rate of pregnancy loss (20.5%) 

compared to no standing heat estrus recipient (66.7%). 

The incidence rate of TE application pregnancy loss in the 

second week was 26-38%, depends on the embryo type 

and recipients' status [21]. However,[22] mentioned 

pregnancy loss usually occurs in the third week of 

pregnancy. Therefore in this study, a pregnancy lost was 

observe until day-50 to cover also the embryonic death 

before the fetal phase. 

Estrus expression can become an appropriate sign to 

be used as a reference to conduct  TE application [20], ) 

and correlated with uterus environmental change on the 

first 7 days of embryo development [11, 20]. Uterus 

environment to maintain the first stage of pregnancy after 

TE is mainly influenced by estradiol and progesterone 

concentrations [23, 24]. Estradiol concentration on day-0 

and progesterone serum on day-7 significantly influenced 

TE pregnancy on day-27. Estrogen concentration has an 

important role in increasing the number of progesterone 

receptors on the endometrium [25]. [26] reported that 

estradiol concentration during the preovulatory 

importance period for survival of embryo transfer day-7 

and pregnancy establishment. Based on [26],  their 

research results showed the pregnancy success rate based 

on interferon-stimulated gene (ISG) concentration on the 

pregnancy periods of 17-21 days were not significantly 

different between cows estradiol-treated and cows 

without receiving exogenous estradiol. However, the 

pregnancy-specific protein B (PSPB) concentration was 

measured on day 24 showed a significant difference for 

estradiol-treated cows compared to untreated cows. PSPB 

concentration indicated there was a specific signal [27] 

which was produced by a trophoblastic cell on the day-15 

of the pregnancy period and circulated through mother 

circulation during placental attachment [28]. Therefore, 

the result above showed the cows which did not have 

sufficient estradiol concentration during proestrus/estrus, 

the embryo was able to deliver maternal recognition 

signal but the placental attachment was not become very 

intimate to maintain the pregnancy [26]. Standing heat 

estrus expression describes the sufficient estradiol 

concentration during estrus/proestrus [15] becomes an 

indication that all reproduction tissues are ready to receive 

an embryo [29]. 

The result in the present study revealed that CL size 

and CL cavity did not have any correlation with TE 

success rate (P>0.05). The average CL (mm) diameter in 

this research for the pregnant recipients was 22.3 ± 4.1 

and for non-pregnant was 20.7 ± 3.4. The results of this 

study were in line with the study reported by [3], however, 

they were different from the report by [8] which stated 

that TE success rate correlates with the corpus luteum 

diameter. Furthermore, [30] report the average cavity size 

of CL which is similar to this study was about 8 mm.  

Corpus luteum functions to synthesize progesterone 

so that the mother can maintain the pregnancy [31]. 

Progesterone has a role in stimulating the uterus to 

produce nutrition secretion, which has a role in embryo 

development. Progesterone concentration after ovulation 

has a significant correlation with embryo life survival 

[32]. Although the result found there was no correlation 

between the size of CL and the success rate of TE, the 

present of CL was critical and important to maintain the 

success of pregnancy. 

 

4 Conclusion 

Estrus expressions of standing heat have a significant 

effect on the success rate of frozen-thawed BB embryo 

transfer and CL characteristics did not have any 

correlation on the success rate of frozen-thawed BB 

embryo transfer. 
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