
BIODIVERSITAS  ISSN: 1412-033X 
Volume 25, Number 1, January 2024 E-ISSN: 2085-4722  
Pages: 322-328 DOI: 10.13057/biodiv/d250137 

Estrous characteristics and steroid concentrations in Aceh cows 

(Bos indicus) after estrus synchronization using prostaglandin F2α 

HAFIZUDDIN1, HUSNURRIZAL1, CUT NILA THASMI1, HERRIALFIAN2, NABILA LIONANDA SALSABIL3, 

TONGKU NIZWAN SIREGAR1, AMALIA SUTRIANA4,  
1Laboratory of Reproduction, Faculty of Veterinary Medicine, Universitas Syiah Kuala. Jl. Teuku Nyak Arief No.441, Kopelma Darussalam, Syiah 

Kuala, Banda Aceh 23111, Aceh, Indonesia 
2Laboratory of Biochemistry, Faculty of Veterinary Medicine, Universitas Syiah Kuala. Jl. Teuku Nyak Arief No.441, Kopelma Darussalam, Syiah 

Kuala, Banda Aceh 23111, Aceh, Indonesia 
3Department of Clinical Veterinary, Faculty of Veterinary Medicine, Universitas Syiah Kuala. Jl. Teuku Nyak Arief No.441, Kopelma Darussalam, Syiah 

Kuala, Banda Aceh 23111, Aceh, Indonesia 
4Laboratory of Pharmacology, Faculty of Veterinary Medicine, Universitas Syiah Kuala. Jl. Teungku Hasan Krueng Kalee, No.4, Kopelma Darussalam, 

Syiah Kuala, Banda Aceh 23111, Aceh, Indonesia. Tel./fax.: +62-651-7551536, email: amalia_sutriana@usk.ac.id 

Manuscript received: 7 November 2023. Revision accepted: 28 January 2024.  

Abstract. Hafizuddin, Husnurrizal, Thasmi CN, Herrialfian, Salsabil NL, Siregar TN, Sutriana A. 2024. Estrous characteristics and 
steroid concentrations in Aceh cows (Bos indicus) after estrus synchronization using prostaglandin F2α. Biodiversitas 25: 322-328. 

This study aims to determine the estrous characteristics and steroid concentrations during estrus in Aceh cattle after estrus 
synchronization using prostaglandin F2α. This study involved 9 Aceh cows with good reproductive status, not pregnant, and has shown 
at least 2 regular cycles, which were divided into 3 treatment groups. The first group (GI) received a single injection treatment, the 
second group (G2) received a double injection treatment with an interval of 10 days, and the third group (G3) was also treatment double 
injection with an interval of 12 days. Symptoms and responses to estrus were reported descriptively, and the data collected on onset, 
intensity, and duration of estrus were analyzed using one-way analysis of variance followed by Duncan's test. The results showed that 
estrus symptoms were almost similar and estrus response was 100% in all three treatment groups. The onset of estrus in G1, G2, and G3 
did not differ significantly (P>0.05) with values of 68.00±18.33, 60.00±0.00, and 72.00±24.00 hours, respectively. The intensity of 
estrus in G1, G2, and G3 showed significant differences (P<0.05) with scores of 3.00±0.00, 5.00±0.00 and 4.33±1.15, respectively. The 

duration of estrus showed no significant difference in G1, G2, and G3 (P>0.05) with durations of 32.00±18.33, 72.00±0.00, and 
52.00±38.57 hours, respectively. The concentrations of estradiol and progesterone obtained also showed no significant differences 
(P>0.05) in G1, G2, and G3, with respective concentrations of 91.67±24.77, 132.00±23.15, 89.47±24.19 pg/mL and 0.98±0.59, 
0.86±0.18, 1.00±0.17 ng/mL. In conclusion, estrus synchronization with PGF2α single injection and double injection in Aceh cattle was 
found to have 100% estrus response. However, PGF2α with double injection showed higher estrus intensity compared to single 
injection. In Aceh cows, the recommended protocol for estrus synchronization using PGF2α is double injection. 
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INTRODUCTION 

Aceh cattle are one type of Indonesia's local beef cattle 

and are generally farmed in Aceh Province (Abdullah et al. 

2012; Sutarno et al. 2015, 2019). Aceh cattle farming 

patterns are generally still carried out traditionally and 

semi-intensively. In a semi-intensive system, Aceh cattle 

farming requires adequate technology application, including 

Artificial Insemination (AI) (Siregar et al. 2016a; 

Syafruddin et al. 2021). One obstacle in AI implementation 

is the proper timing for insemination. According to 
Consentini et al. (2021), determining of AI in cows could 

be achieved by performing Estrus Synchronization (ES) 

prior to AI implementation. 

ES is an attempt to standardize the occurrence of estrus 

and ovulation symptoms in livestock by manipulating the 

female reproductive organs using hormone preparations. 

The principle of ES is to shorten the length of the Corpus 

Luteum (CL) or luteal phase or to extend the length of the 

CL. The ES method by shortening the luteal phase usually 

uses the hormone Prostaglandin F2 alpha (PGF2α) which 

acts by lysing the CL and initiates the estrus. PGF2α 

administration will be effective in the mid-luteal phase, 

where in this phase the CL is very sensitive to 

prostaglandins (Roza et al. 2019; Bihon and Assefa 2021). 

According to Jinks et al. (2013) and Abebe and Alemayehu 

(2021), ES using prostaglandins and followed by AI has 

become the most prominent technology available to small-

scale cattle farms for genetic improvement, reproductive 

management, and cattle mating in almost the same time. ES 
using PGF2α is usually carried out in two methods, single 

injection and double injection method. The single injection 

method is usually effective for synchronizing cattle estrus 

if the estrous cycle is known to be in the luteal phase with a 

functional CL, while the double injection method can be 

applied in both the follicular and luteal phases (Islam 2011; 

Jainudeen and Hafez 2013; Bihon and Assefa 2021). 

Recent studies in cows and other livestock have 

reported different characteristics of estrus and steroid levels 

after synchronization with PGF2α or its combination 
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(Mahmoud and Hussein 2019; Roza et al. 2019). The sheep 

synchronized with PGF2α + male effect had the faster 

estrus onset, the higher progesterone concentration and 

similar estradiol concentration compared with the sheep 

(Ovis aries) synchronized with PGF2α alone (Mahmoud 

and Hussein 2019). The injection of GnRH combined with 

PGF2α in buffalo (Bubalus bubalis kerebau vs. Bubalus 

bubalis bubalis) obtained 100% estrus response (n = 21), 

and progesterone concentrations in pregnant and non-

pregnant buffalo were 5.32-8.69 ng/mL and 1.11-2.68 
ng/mL, respectively) (Roza et al. 2019). Recent studies in 

dairy cows (Bos taurus) showed that cows receiving double 

injections of PGF2α had greater estrus rates and lower 

progesterone concentrations than those receiving single 

PGF2α (Tschopp et al. 2022). The study on Holstein Friesian 

cows showed that the success rate in ES was higher in the 

double injection method compared to single injection 

(Balumbi et al. 2019). Single injection of PGF2 α in Bali 

cattle showed 100% estrous response (n = 26) (Mukkun et 

al. 2021). However, Suastiningsih et al. (2020) reported 

that single injection of PGF2α intramuscularly showed an 
estrus response of 75.00%, an estrus onset of 79.83 hours 

and an estrus intensity score of 1.67, while double injection 

method (injection of 5 mL PGF2α on day 0, then the 

second injection on days 11 after the first injection) showed 

the estrus response of 62. 50%, an estrus onset 67.40 hours 

and an estrus intensity score of 2.20. 

Apart from the success of implementing ES using 

PGF2α which has been carried out massively in different 

livestock, there has been no comprehensive report on the 

success rate of ES in Aceh cattle specifically. Data related 

to the response and characteristics of estrus, as well as 
steroid concentrations after synchronization using PGF2α, 

are important to know as a basis for determining the 

implementation of sustainable reproductive technology in 

Aceh cattle and other local livestock in Indonesia. Therefore, 

this research was conducted to know the estrus characteristics 

of Aceh cows and steroid concentration as a basis for 

determining the best timing for AI implementation. 

MATERIALS AND METHODS 

Animal samples 

The sample used was Aceh cows owned by Animal 

Experiments Unit, and the utilization of the treated animals 

in this study was ethically ratified by the Veterinary Ethics 
Committee, Faculty of Veterinary Medicine, Universitas 

Syiah Kuala, Banda Aceh, number: 274/KEPH/III/2021. 

Research treatment 

This research used 9 Aceh cows of 3-5 years of age 

with good reproductive status and which were not 

pregnant. These cows were divided into three groups. All 

treatment groups were injected with PGF2α (Enzaprost-T®, 

Dinoprost 5 mg) regardless of reproductive status, whether 

they were in the follicular or luteal phase. The first group 

(G1) was treated with a single injection of 5 mL of PGF2α 

intramuscularly. The second treatment group (G2) underwent 
double injections of 5 mL of PGF2α intramuscularly with 

an interval of 10 days from the first injection with the same 

dose. The third treatment group (G3) underwent double 

injections of 5 mL of PGF2α intramuscularly with an 

interval of 12 days from the first injection with the same 

dose. The parameters observed in this study were estrus 

characteristics (symptoms, response, onset, intensity, and 

duration) and steroid levels (estradiol and progesterone).  

Estrus characteristic assessment 

Estrus detection was carried out every day until the 

onset of estrus was observed using an observation technique 
for 30 minutes. Assessment of estrus onset, duration, and 

intensity of estrus was carried out three times a day at 

07.00 AM, 12.00 PM, and 5.30 PM for 5 consecutive days. 

Cows are considered to have estrus when they show 

symptoms such as signs of a red, swollen vulva and 

transparent cervical mucus (Rosmaidar et al. 2021). The 

onset of estrus was defined as the first time of estrus 

symptoms and duration of estrus was defined as the time 

between the first and last estrus symptoms (Randi et al. 

2018). Assessment of estrus intensity used the criteria of 

Sönmez et al. (2005). Cows with primary and secondary 
signs of heat such as standing heat, mounting another cow, 

restlessness, red and swollen vulva, discharge of cervical 

mucus, and decreased appetite were scored on a scale of 0-

5 (5 = Excellent: A cow displaying all these characteristics: 

standing heat, mounting other cows, restlessness, red and 

swollen vulva, cervical mucus discharge, and decreased 

appetite; 4 = good: standing heat, mounting other cows, red 

and swollen vulva, and cervical mucus discharge; 3 = 

Normal: Red and swollen vulva, discharge of cervical mucus, 

and decreased appetite; 2 = Fair: Red and swollen vulva 

and decreased appetite; and 1 = Poor: Decreased appetite; and 
0 = No heat) as described previously by Sönmez et al. (2005).  

Blood sample collection 

To determine the concentration of steroid hormones, 5 

mL of blood samples were collected from the jugular vein 

on the day of estrus (Day 0). Samples were stored at 4°C for 

4-6 h, then centrifuged at 3000 RPM for 20 min to separate 

the serum, and stored at -20°C for subsequent analysis. 

Estradiol concentration measurement 

The procedure for analyzing estradiol concentrations in 

this study was carried out using Enzyme-Linked 

Immunosorbent Assay (ELISA) using an estradiol kit 

(DRG, International Inc., Germany). Prior to use, all 
reagents must be left at room temperature (18-25°C), then 

standard solutions with concentrations of 25, 50, 100, 250, 

500, 1000, and 2000 pg/mL and QC (quality control) 

solution were prepared. The next step was to put 25 µL of 

standard, sample, and QC (Quality Control) into each 

microplate well, add 200 µL of HRP Estradiol enzyme 

conjugate to each microplate well, shaked gently for 

approximately 10 seconds, then incubate at temperature 

room for 120 minutes. After incubation, the solution on the 

microplate was discarded and washed with washing solution 

with a volume of 300 µL per well. The microplate was 
dried gently on absorbent paper. Next, 100 µL of substrate 

solution (TMB substrate) was added to each microplate 
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well, and then incubated for 20 minutes at room temperature. 

After incubation with the substrate solution, the enzymatic 

reaction was stopped by adding 50 µL stop solution into 

each well. The absorbance value was read at a wavelength 

of 450 nm using an ELISA reader equipped with the 

MPM6 program. Readings were recorded no more than 10 

minutes after adding the stop solution (Adam et al. 2019). 

Progesterone concentration measurement 

Hormone analysis to measure the concentration of the 

hormone progesterone was carried out using the ELISA 
method. The progesterone hormone concentration 

measurement was carried out according to the progesterone 

ELISA kit manual (DRG, International Inc., Germany). 

Before use, all reagents were left at room temperature (18-

25°C), then standard, sample, and QC (quality control) 

solutions was put into each microplate, incubated for 5 

minutes, then added with 200 µL of enzyme conjugate to in 

each well. The mixture was stirred thoroughly for 

approximately 10 seconds, and incubated at room 

temperature for 60 minutes. After incubation, the 

microplate was washed with washing solution with a 
volume of 400 µL per well 3 times and dried on absorbent 

paper. Next, 200 µL of substrate solution (TMB substrate) 

was added to each well and then incubated for 15 minutes 

at room temperature. After incubation with the substrate 

solution, the enzymatic reaction was stopped by adding 100 

µL stop solution into each microplate well. After that, the 

absorbance value was read at a wavelength of 450 nm 

using an ELISA reader equipped with the MPM6 program. 

Readings are taken no more than 10 minutes after adding 

the stop solution (Panjaitan et al. 2021). 

Data analysis 

Data on symptoms and estrus response were reported 

descriptively, while data on estrus onset, intensity, and 

duration of estrus were analyzed using a one-way analysis of 

variance and followed by the Duncan’s multiple range test. 

RESULTS AND DISCUSSION 

Characteristics of estrous 

Symptoms of estrus 

The results of visually observing estrus symptoms in 

various groups of Aceh cows after single and double 
PGF2α injections can be seen in Table 1 and Figure 1. 

The signs of estrus that appeared were relatively similar 

in cows from the three groups, namely swollen and red 

vulvas, discharge of cervical mucus, and standing when 

mounted by a bull. These signs of estrus were the same as 

those previously observed in Aceh cattle (Ramadhana et al. 

2022). According to Gugssa (2015), the administration of 

PGF2α hormones in the luteal phase plays a role in 

regressing CL, so that the levels of hormone progesterone 

in the blood decrease. The low level of progesterone 

hormone will trigger an increase in the FSH hormone at the 
pituitary gland which will stimulate the maturation of 

Graafian follicle, resulting in a rapid increase in estradiol. 

Visually, in this phase, the cows will show symptoms of 

estrus which will be followed by ovulation. The presence 

of estradiol stimulates thickening of the vaginal walls, 

increased vascularization, increased vaginal secretions, and 

the external genitals become swollen and reddish in color 

(Siregar et al. 2016a; Laksmi and Trilaksana 2020). 
 
 
Table 1. Estrus symptoms observed in Aceh cows after single and double PGF2 α injections 
 

Symptoms of estrus 
G1 (single injection 

of PGF2α) 

G2 (double injection of PGF2α 

interval 10 days) 

G3 (double injection of PGF2α 

interval 12 days) 

Nervousness √ √ √ 
Decreased appetite - √ √ 
Discharge of cervical mucus √ √ √ 
Red vulva and swollen - √ √ 
Mounting other cows √ √ √ 
Standing to be mounted by other cattle √ √ √ 

Note: √: Shows the response to the symptoms of estrus, -: Does not show a response to the symptoms of estrus 
 
 

   
 

Figure 1. Symptoms of estrus found in Aceh cows in this study: A. Swollen vulva, B. The discharge of cervical mucus, and C. Standing 
to be mounted by the bull 

A B C 
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Estrus response 

The estrus response data showed that 100% of Aceh 

cows showed estrus after being injected with PGF2α using 

both single injection and double injection. This data 

indicates that PGF2α injection treatment produces a good 

response in Aceh cows. This was probably because all the 

Aceh cows used in this study had their estrous cycles in the 

luteal phase (functional CL). The visible signs of estrus are 

in accordance with observations of estrus in Aceh cows by 

Hafizuddin et al. (2012) and Siregar et al. (2019). Bihon 
and Assefa (2021) stated that PGF2α can only work during 

the luteal phase of the estrous cycle and the CL is very 

sensitive to PGF2 α in this phase resulting in the regression 

of CL and initiating the return of estrus. 

The results obtained in this study were similar to the 

estrus response reported in Bali cattle after administration 

of PGF2α (Mukkun et al. 2021). However, the double 

injection of PGF2α resulted in a better estrus response 

compared to single injection in Holstein Friesian cows 90% 

vs 70% (Balumbi et al. 2019), and 95.90% vs 72.20% 

(Ribeiro et al. 2012). Meanwhile, ES using single injection 
of PGF2α in Bali cattle produced a better estrus response 

(75%) as compared to double injection (62.5%) 

(Suastiningsih et al. (2020). Research on Holstein Friesian 

x Zebu crossbreed cows in Ethiopia also found better estrus 

response between double and single injection (84.20% vs 

93.30%). In the latter study, it was concluded that applying 

ES with PGF2α injection to Ethiopian cows was able to 

improve the estrus performance and increase the estrus 

intensity scores and estrus duration (Gugssa 2015).  

Estrus onset, estrus intensity, and estrus duration. 

The results of the research in the form of estrus performance 
in Aceh cattle based on the average onset of estrus (hours), 

intensity and duration of estrus (hours) are shown in Table 2. 

Estrus onset is the time interval observed from 

treatment until the onset of estrus symptoms (Randi et al. 

2018; Reith and Hoy 2018; Roelofs and Van Erp-van der 

Kooij 2018). In this study, observations of the speed of 

estrus onset (hours) were carried out from the last injection 

until the symptoms of estrus appeared. The results of 

observing the onset of estrus in Aceh cows (Table 2) in G1, 

G2, and G3 showed no significant difference (P>0.05). The 

onset of estrus for Aceh cows using the single and double 

synchronization method after injection of PGF2α on the 
first day was an average of 68 hours in group 1 (G1), 60 

hours in group 2 (G2) and 72 hours in group 3 (G3). 

The onset of estrus in 10-day interval double injections 

(G2) was relatively shorter and more uniform compared to 

single injections (G1) and 12-day interval double injections 

(G3). The results of this study were similar to research on 

Bali cattle which also shows the onset of estrus with no 

significant difference between single injection and double 

injection (79.83 hours vs 67.40 hours) (Suastiningsih et al. 

2020). Research on Holstein Friesian cows given PGF2α 

using the single injection method also showed the same 

range as our research, with the onset of estrus was 

70.70±01.90 hours (Putro and Kusumawati 2014). However, 

a longer onset of estrus was found after administration of 

PGF2α in Ongole crossbreed cattle, around 75.94±0.78 

hours (Astuti et al. 2020).  

Intensity scores of Aceh cows between G1, G2 and G3 

showed significant differences (P<0.02). Therefore, the 

results of this study indicated that there was an influence of 

the injection method on the estrus intensity score. These 

results provided an interesting depiction that double 
injection (G2 and G3) was able to make the symptoms of 

estrus in Aceh cows more clearly visible compared to 

single injection (G1), with intensity scores of 5.00±0.00 

and 4.33±0.67 vs 3.00±0.00, respectively. In addition, the 

double injection method which is conducted 10 days after 

the first injection is a new recommendation for the ES 

protocol in cattle. This is because so far, the repetition of 

the double injection method is generally 14 days, and some 

12 days after the first injection. Therefore, the high estrus 

intensity score found in Aceh cattle indicates good estrus 

performance, because the clearer the estrus symptoms, the 
more accurate the detection of estrus and the more precise 

the timing of AI implementation. 

The duration of estrus or the length of estrus was 

calculated from the first time the cow shows symptoms of 

estrus after hormone injection until the end of estrus 

symptoms. In this study, the duration of estrus found in G1, 

G2, and G3 was 32.00±10.58, 72.00±0.00, and 52.00±22.57 

hours (P>0.21), respectively. Even though the data found 

was not significantly different, the long duration of estrus 

was consistently similar to the other characteristics of 

estrus, the optimal criteria were observed in G2. 
The duration of estrus is closely related to the 

pharmacological and biochemical properties of the PGF2α 

hormone which activates vaginal smooth muscle. Prostaglandin 

hormones are very effective in activating smooth muscles, 

besides having inflammatory effects, vasodilating blood 

vessels, and elucidating fluid (Setiawati et al. 2021). 

The duration of estrus in each cow in this study was not 

influenced by PGF 2α (P>0.21). The influence of the 

PGF2α hormone is assumed to only extend to the CL 

regression process because the hormone quickly undergoes 

total deactivation in the lungs and liver, so its effect on the 

length of estrus in livestock is no longer there. 
Furthermore, the length of estrus lasts naturally by the 

presence of the high estradiol hormone produced by the 

ovaries. PGF2α with the active substance dinoprost can 

reduce progesterone concentrations in cows within 72 

hours (Stevenson and Phatak 2010; Esterman et al. 2016; 

Montaser and El-Desouky 2016; Anton et al. 2019). 

Steroid concentration 

The steroid concentrations analyzed in this study were 

estradiol and progesterone. The concentrations of these two 

steroids found in Aceh cows after ES are presented in 

Table 3. 
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Table 2. Mean onset, intensity, and duration Aceh cow estrus synchronized with different methods (mean±SE) 
 

Treatment 
Estrus performance 

Onset (hours) Intensity (score) Duration (hours) 

Single injection (G1) 68.00±10.58a 3.00±0.00a 32.00±10.58a 
Double injection interval 10 days (G2) 60.00±0.00a 5.00±0.00b 72.00±0.00a 
Double injection interval 12 days (G3) 72.00±13.86a 4.33±0.67b 52.00±22.57a 

Note: a,b Different superscripts in the same column indicate significant differences (P<0.05) 
 
 
Table 3. Aceh cattle steroid concentrations synchronized with single and double injection (mean±SE) 
 

Treatment Estradiol (pg/mL) Progesterone (ng/mL) 

Single injection (G1) 91.67±24.77a 0.98 ±0.59a 

Double injection interval 10 days (G2) 132.00±23.15a 0.86±0.18a 
Double injection interval 12 days (G3) 89.47±24.19a 1.00±0.17a 

 
 
 

All cows subjected to ES showed typical symptoms 

such as swollen and red vulvas, mucus discharge, standing 

heat, restlessness, and decreased appetite. Physical changes 

in the vulva may be related to estradiol which tends to 

increase in the estrous phase although it is not statistically 

different (P>0.05). The aim of measuring total estradiol and 

progesterone during estrus is an important factor in the 

behavior of estrus manifestations in cows. Estradiol levels 
are measured to determine preovulatory quality, and 

progesterone measurements are conducted to predict 

ovulation (Mekonnin et al. 2017). 

The concentration of estradiol on the day of estrus in 

Aceh cows was almost similar to those found in Bali cows 

with estradiol level was 69.80 pg/mL (Laksmi and 

Trilaksana 2020) and dairy cows with estradiol value was 

60.06±33.25 pg/mL (Setyorini et al. (2023). However, 

Siregar et al. (2016b) reported that the concentrations of 

progesterone and estradiol in Aceh cows on the day of 

estrus were 0.12+0.02 ng/mL and 223.13±9.50 pg/mL 

respectively. Meanwhile, Setiawati et al. (2021) observed 
that Pasundan cattle injected with PGF2α showed an 

average plasma concentration of the hormone progesterone 

of 2.68±0.19 ng/mL and estradiol of 26.65±2.09 pg/mL. In 

other study, Siregar et al. (2017) reported that the 

progesterone concentration in Aceh cattle on day 5 after 

synchronization with PGF2α was 2.4±0.42 ng/mL  

According to Astuti et al. (2020), estradiol levels in the 

estrus phase in the study after synchronization with PGF2α 

ranged from 40.06 pg/mL to 63.04 pg/mL. For 

progesterone, the lowest level was 0.16 ng/mL and the 

highest level was 0.32 ng/mL. In addition, research on 
other breeds of cows (Holstein) showed that estradiol and 

progesterone levels after administration of PGF2α were 

16.14±15.6 pg/mL and 1.81±0.3 ng/mL, respectively (Kaya 

et al. 2017). 

The administration of PGF2α, causes CL regression, 

thereby reducing progesterone followed by rapid 

maturation of the dominant follicle to increase estradiol 

levels, which causes an LH surge for ovulation (Siregar et 

al. 2016a; Bihon and Assefa 2021). These data provided 

information that steroid concentrations are not influenced 

by ES method factors with PGF2α, but are more influenced 

by factors such as breed, parity, nutrition, season, and 

others. 

The relationship between estradiol concentration and 

estrus intensity in Aceh cattle has been studied by Ramli et 

al. (2016). The results of this study showed that there was 

no significant relationship between estrus intensity and 

estradiol concentration in Aceh cattle during AI. However, 

research on other cattle conducted by Astuti et al. (2020), 
revealed a moderate correlation between estradiol levels 

and estrus intensity with an R-value of 0.43. The results of 

other studies reported a high correlation between estrogen 

concentrations and visible signs of estrus such as rising and 

standing (Sumiyoshi et al. 2014). Rodrigues et al. (2018) 

stated that estrous expression is mainly determined by 

circulating estradiol concentrations, which trigger the 

hypothalamus to initiate estrous behavior. In turn, the 

intensity of estrus expression has been associated, albeit 

weakly, with preovulatory estradiol concentrations in 

lactating dairy cows (Madureira et al. 2015), while estrus 

expression is considered a biomarker for estradiol 
concentrations in cows (Larimore et al. 2015). 

For the relationship of other steroids (progesterone) 

with estrus intensity, lower progesterone concentrations on 

the day of estrus were associated with increased intensity 

and duration of estrus expression (Madureira et al. 2021). 

Likewise, cows with lower intensity and shorter duration of 

estrous expression have higher progesterone concentrations 

and lower estradiol concentrations in estrus compared to 

cows with greater activity and longer duration of estrous 

behavior (Madureira et al. 2021). Meanwhile, Astuti et al. 

(2020) found a weak correlation between progesterone 
concentration during the onset of estrus and estrus behavior 

(r = 0.20). They were added by Madureira et al. (2021) that 

the concentration of progesterone around the time of AI is 

important for the expression of estrus for determining the 

timing of AI. Therefore, estrus intensity is associated with 

greater pregnancy per AI. 

The mechanism of action of progesterone in its 

involvement in the expression of estrus is through 

increasing or decreasing regulation in the hypothalamus of 

several genes involved in estrus behavior through the 

estradiol receptor (Liu and Shi 2015). This suggests that 
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lower progesterone concentrations during diestrus are 

associated with lower fertility. Progesterone can block the 

estrus-stimulating action of estrogen and plays an 

important role in priming the cow's brain for estrogen 

function (Kommadath et al. 2013). Increased expression of 

estrus in timed AI protocols that include progesterone 

supplementation also suggests that progesterone may act as 

a primer for hypothalamic responsiveness to estrogen 

(Madureira et al. 2021). The limitation in our study was the 

small number of sample we used in this study. This was 
due to the limited number of samples in our experimental 

unit that met the desired criteria such cows with a good 

reproductive status, were not pregnant and had at least two 

regular cycles. This criteria is a common standard criteria 

for the synchronization of estrus in cattle with the use of 

PGF2α (Bihon and Assefa 2021). 

In conclusion, administering PGF2α using the double 

injection method can increase the intensity of estrus in 

Aceh cows. However, both methods had no effect on estrus 

symptoms, estrus response, estrus onset, estrus duration, 

and steroid concentration. From the results of this study, it 
is recommended that PGF2α injection be carried out as a 

double injection to obtain clear estrus intensity so that AI 

timing will be more precise. 
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