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ABSTRACT

Objective: This study aims to determine the effect of using multivitamins in different estrus syn-
chronization hormone protocols on estrus response, estrus onset, estrus duration, estrus inten-
sity, and pregnancy rate in swamp buffalo.
Materials and Methods: This study used 30 post-partum adult buffalo, with three estrus syn-
chronization methods treated: 1. Conventional plus Prostaglandin F2 α (PGF2α-PGF2α + multivi-
tamin)-AI; 2. Co-synch plus Gonadotropin-releasing hormone (GnRH-PGF2α + multivitamin)-AI; 3. 
Combination of hormone plus (Estrogen-Progesterone-PGF2α + multivitamin)-AI. Research vari-
ables include estrus response, estrus onset, estrus duration, estrus intensity, and pregnancy rate. 
Data were analyzed using the chi-square test using the Statistical Package for the Social Sciences 
23.0 program.
Results: The results showed that the use of multivitamins in different estrus synchronization hor-
mone protocols resulted in an estrous response reaching 100%. The onset of estrus in the three 
treatments [Treatment-1 (T1); Treatment-2 (T2); Treatment-3 (T3)] was 25.8; 27.6; 23.9 h, estrus 
duration: 21.0; 21.6; 21.92 h, estrus intensity: 25.8; 27.6; 32.6 h, and the pregnancy rate for buf-
falo reaches 80%.
Conclusion: Based on the results of this study, the use of multivitamins in different estrus synchro-
nization hormone protocols is effective in optimizing the swamp buffalo’s estrus response; the 
estrus duration is longer, the estrus onset is faster, and the estrus intensity is higher. It can even 
optimize the increase in swamp buffalo pregnancy rates.
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Introduction

Buffalo (Bubalus bubalis) is a ruminant livestock produc-
ing meat and milk, which can make a major contribution to 
realizing food self-sufficiency in Indonesia. These livestock 
also play an important role in agriculture and community 
life. However, in recent years, the buffalo population has 
experienced a significant decline. This decline was caused 
by low productivity because buffalo have several charac-
teristics, including silent heat, low estrus intensity, and 
short estrus duration, resulting in longer calving intervals 
and a decrease in the birth rate of buffalo calves. According 
to Pirondi et al. [1] and Purohit et al. [2], buffalo have the 
characteristics of silent heat, low intensity of estrus, and 

short duration of estrus, which causes a decrease in repro-
ductive efficiency and a decline in the buffalo population. 
It is necessary to identify problems and find appropriate 
solutions to increase the productivity and population of 
buffalo through livestock biotechnology (estrus synchroni-
zation and artificial insemination/AI) and the use of multi-
vitamins and nutrition. Implementing this step is expected 
to increase the reproductive efficiency and productivity of 
buffalo to improve the birth of buffalo calves. According to 
Ahmad and Arshad’s research [3], Carvalho et al. [4], and 
De Rensis and López-Gatius [5], the reproductive efficiency 
of buffalo can be optimized through various hormonal 
approaches, such as estrus synchronization techniques.
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Estrus synchronization is a technical method used 
to control the estrus cycle of a group of livestock, lead-
ing to simultaneous estrus. This technique involves the 
use of a specific hormone protocol inducing estrus in 
livestock to facilitate simultaneous insemination. Estrus 
synchronization is an important strategy for increas-
ing the reproductive efficiency and fertility of buffalo. 
Several estrus synchronization methods have been used: 
Ovsynch [6,7], Co-synch [7,8], and conventional methods 
[5]. According to Warriach et al. [9] and Lauderdale [10], 
buffalo estrus synchronization protocols generally involve 
the use of hormones such as Prostaglandin F2 α (PGF2α), 
Gonadotropin-releasing hormone (GnRH), and proges-
terone (P4), as previously reported by Haider et al. [11] 
and Naseer et al. [12]. These protocols have the potential 
to increase livestock fertility. According to Efendi et al. 
[7], the use of estrus synchronization hormones such as 
PGF2α intramuscularly and other methods (ovsynch and 
co-synch) have obtained effective results. According to 
Yendraliza et  al. [13], combining GnRH and PGF2α hor-
mone protocols in post-partum buffaloes can increase 
estrus intensity, accelerate estrus response, and reduce 
estrus duration. Furthermore, Yousuf et al. [14] suggested 
that the combined use of the hormone progesterone and 
estradiol benzoate can stimulate follicular waves and 
increase the rate of follicular growth and the intensity of 
estrus. Confirmed by Campanile et al. [15] that the use of 
various estrus synchronization hormone protocols can 
help the formation of the corpus luteum and increase 
the concentration of progesterone, thus helping embryo 
implantation and placental development in supporting 
the survival of the embryo. According to Purohit et al. [2] 
and De Rensis and López-Gatius [5], the use of estrus syn-
chronization protocols can increase livestock reproductive 
efficiency, estrus response, and pregnancy rate of female 
buffalo.

On the other hand, Chadda and Chand Meena [16] 
suggested that lack of livestock nutrition and vitamins 
can interfere with follicle maturation, causing a long live-
stock estrous cycle. Hafez and Hafez [17] explain that 
vitamin deficiencies can cause estrus and ovulation disor-
ders, causing the production of a low number of livestock 
eggs. According to Sarker et al. [18], the administration 
of vitamins in the synchronized GnRH hormone protocol 
can increase the pregnancy rate of cattle. According to 
Likittrakulwong et al. [19], administering vitamin AD3E 
can increase antioxidants and improve the immune system 
of livestock. According to Tamura et al. [20], during the 
ovulation process of livestock, free radicals are often pro-
duced, causing oxidative stress, which decreases oocyte 
quality, even infertility, and impaired embryonic develop-
ment. Dunne et al. [21] stated that the vitamins AD3E and 
C were the antioxidants that could neutralize free radicals 

to prevent infertility and embryo death. Vitamin A is very 
useful for vision, bone growth, and immune function [22]. 
Vitamin D3 can influence the estrus cycle of post-partum 
cattle and calving interval [23]. Vitamin E plays a role in 
protecting cellular lipids from free radical oxidation, which 
can damage cellular metabolism [8]. Vitamin C can elimi-
nate free radicals and activate vitamin E [24]. Therefore, 
the author is interested in researching the effect of using 
multivitamins in various estrus synchronization hormone 
protocols in swamp buffalo.

Materials and Methods

Ethical approval

Experimental research on swamp buffalo has been eval-
uated and approved by the Research Ethics Committee, 
Faculty of Medicine, Universitas Andalas. No. 408/
UN.16.2/KEP-KP/2024.

Research material

This research material used 30 post-partum female swamp 
buffalo from Batang Anai District, Padang Pariaman 
Regency, West Sumatra, Indonesia. The chemicals used 
in this research were the PGF2α hormone (Lutalyse), the 
GnRH hormone (Fertagyl®, Intervet, Indonesia), vitamin 
ADE, Vigatol-E (Bayer), gel, NaCl, phosphate buffer saline, 
and 70% alcohol. The equipment used is gloves, scis-
sors, tweezers, aluminum foil, label paper, tissue, and AI 
equipment. 

Collection and selection of research buffalo

The method used in this research was purposive sam-
pling (according to criteria). Criteria for selecting live-
stock include post-partum adult buffalo, parity 2–3, Body 
condition score ≥3, healthy livestock, and not pregnant. 
Furthermore, the buffalo selected were buffalo that were 
reared semi-intensively (grazing from morning to evening, 
being penned at night, and having access to drinking water 
ad libitum).

Estrus synchronization

This research used three treatments, and each treatment 
used 10 swamp buffalo. The research treatments were: 
Treatment-1 (T1): conventional plus (PGF2α-PGF2α + 
Multivitamin-AI); Treatment-2 (T2): co-synch Plus (GnRH-
PGF2α + Multivitamin-AI); Treatment-3 (T3): combina-
tion of hormones plus (Estrogen-Progesterone-PGF2α  + 
Multivitamin-AI). Hormone combination plus (T3) includes 
estrogen-progesterone-PGF2α + Multivitamin-AI. This 
research procedure refers to the research of Yendraliza et 
al. [13], Atabay et al. [25], Afriani et al. [26], and Susana 
et al. [27], which has been modified. For the T1, estrus 
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synchronization was carried out using the conventional 
plus method (PGF2α-PGF2α + 10 ml multivitamin). Each 
treatment was injected twice intramuscularly into the 
treated buffalo. The first injection was given on day 0 
(PGF2α 5 ml), followed by administration of 5 ml of multi-
vitamin. Then, the second injection was carried out on day 
11 (PGF2α 5 ml), followed by a multivitamin injection of 
5 ml. Furthermore, estrus detection is carried out on days 
12 to 14. If the buffalo shows symptoms of estrus, artificial 
insemination (AI) is carried out, and the implementation 
procedure is described in Figure 1. T2: Synchronization 
was carried out using the co-synch plus method (GnRH-
PGF2α-GnRH + 10 ml multivitamin). Each treatment was 
injected twice intramuscularly into the treated buffalo. 
The first hormone injection was given on day 4 (GnRH 2.5 
ml), followed by administration of 5  ml of multivitamin. 
Then, the second hormone injection (PGF2α 5 ml) was fol-
lowed by the administration of 5 ml of multivitamin, which 
was carried out on the 11th day. On days 12–14, estrus is 
observed. If the buffalo shows signs of estrus, then AI is car-
ried out, and the implementation procedure is described in 
Figure 2. In the T3, estrus synchronization was carried out 
using a combination of the hormones estrogen and proges-
terone (estrogen-progesterone-PGF2α + 10 ml multivita-
min). Each treatment was injected twice intramuscularly 
into the treated buffalo. The first hormone injection is given 

on day 5 (4 ml progesterone hormone + 2 ml estrogen), 
followed by administration of 5 ml multivitamin. Then, 
the second hormone injection (PGF2α 5 ml) followed by 
administration of 5 ml of multivitamins was carried out on 
the 11th day. On days 12–14, estrus is observed. If the buf-
falo shows signs of estrus, then AI is carried out, and the 
implementation procedure is shown in Figure 3.

AI and pregnancy detection in buffalo

If buffalo show signs of estrus, AI is carried out using fro-
zen semen at the Centre for AI of Lembang. After insemi-
nation, a pregnancy check is carried out on the 90th day 
using rectal palpation. The research variables are estrus 
response, estrus onset, estrus duration, estrus intensity, 
and pregnancy rate. Data analysis was carried out using 
the chi-Square test using the Statistical Package for the 
Social Sciences 23.0 program.

Results and Discussion

Estrus response

The estrus response of swamp buffalo with the use of mul-
tivitamins in various estrus synchronization hormone pro-
tocols is described in Table 1. Table 1 shows that the use of 
multivitamins in various estrus synchronization hormone 
protocols can increase the estrus response by up to 100%. 

Figure 1.  Conventional plus method (PGF2α-PGF2 α + Multivitamin)—AI.

Figure 2.  Co-synch plus method (GnRH-PgF2α + Multivitamin)AI.
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Statistical analysis showed that the three estrus synchroni-
zation methods being used had no significant effect on the 
estrous response (p > 0.05). The results of this research 
prove that the use of multivitamins in various estrus syn-
chronization hormone protocols is effective in increasing 
the reproductive cycle of buffalo and can optimize the 
estrus response. According to Intawicha et al. [28], the use 
of a synchronization hormone protocol can improve the 
estrous response of post-partum buffalo because hormone 
administration can stimulate ovarian activity to trigger an 
increase in the estrus response. According to Farrag [29] 
and Kuru et al. [30], the use of an estrus synchronization 
hormone protocol can improve the estrus response, and 
ovulation induction is even more effective in optimizing the 
increase in the pregnancy rate of livestock. The results of 
this research are better than the research done by Suzana 
et al. [27], Atabay et al. [25], Yendraliza et al. [31], and Roza 
et al. [32]. Their research results only reached an estrus 
response rate of 70%–97%. The high results obtained in 
this study were due to the use of multivitamins in various 
estrus synchronization hormone protocols. The use of 
multivitamins can improve the reproductive function and 
structure of livestock. According to Prasdini et al. [33] and 
Yosathai [34], the use of vitamins, especially vitamins AD3 

and E, can improve the reproductive function and structure 
of livestock. Vitamin E acts as an antioxidant, stimulating 
the processes of steroidogenesis, thyroid hormone secre-
tion, and follicle development for ovulation. Meanwhile, 
vitamin ADE can increase livestock fertility. Confirmed 
by Purwasih et al. [35] and Dewi et al. [36] that the use 
of vitamins AD3E and GnRH can overcome reproductive 
disorders, recurrent mating problems, and even increase 
ovulation in livestock. As supported by Gunawan et al. [37], 
using the estrus synchronization hormone protocol twice 
can increase the buffalo’s estrus response optimally. The 
results of this study show that the use of multivitamins in 
different estrus synchronization protocols can optimally 
increase the estrous response of post-partum buffalo up 
to 100%. The high level of estrus response can increase 
reproductive efficiency and livestock productivity, which 
improves the pregnancy rate of buffalo.

Onset of estrus

The onset of estrus in swamp buffalo with the use of mul-
tivitamins in various different estrus synchronization hor-
mone protocols is described in Figure 4. Figure 4 shows 
that the highest onset of buffalo estrus was achieved at T2 
(co-synch + multivitamin), namely 27.6 ± 2.26 h, while the 

Figure 3.  Combination hormone plus method (Estrogen-Progesterone-PGF2α + Multivitamin)—AI.

Table 1.  Estrus response of swamp buffaloes to multivitamin supplementation in different estrus synchronization hormone protocols.

No Synchronization of Estrus Method n (Tail)
The number of 

livestock in estrus 
(Tail)

The number of 
livestock not in 

estrus (Tail)

Estrus 
Percentage (%)

Pregnancy 
Percentage (%)

1 Conventional method plus multivitamin (PGF2α-
PGF2α + Multivitamin 10 ml)

10 10 0 100 80

2 co-synch method plus multivitamin (GnRH-PGF2α + 
Multivitamin 10 ml)

10 10 0 100 80

3 Hormone Combinations method plus multivitamin 
(Estrogen 2 ml-Progesterone 4 ml-PGF2α 5 ml + 
Multivitamin 10 ml)

10 10 0 100 80

Total 30
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lowest was obtained at T3 (combination of estrogen and 
progesterone hormones + multivitamin) at 23.90 ± 2.18 h. 
Statistical analysis showed that the use of multivitamins in 
different estrus synchronization hormone protocols had 
no significant effect on the onset of estrus in buffalo (p > 
0.05). This is because the use of multivitamins in different 
estrus synchronization hormone protocols has the poten-
tial to increase follicle development and estrus expression. 
Purohit et al. [2] suggested that the use of multivitamins 
can improve the quality and quantity of buffalo ovarian fol-
licles, thereby increasing the estrus response. It was con-
firmed by Zhao et al. [38] that hormone administration can 
accelerate the onset of estrus, increase the production of 
the hormone estradiol, and affect the development of ovar-
ian follicles. According to Koyama et al. [39], the onset of 
estrus can function as a predictive factor for the timing of 
ovulation and can even increase the pregnancy rate of cat-
tle. The results of this research are superior to the research 
of Yendraliza et al. [13] that using the GnRH-PGF2α hor-
mone protocol obtained an estrus onset of 30.80 h, which 
was faster than the onset of estrus using the PGF2α-PGF2α 
hormone, which was obtained at 39.05 h. According to 
Susana Koyama et al. [39], the use of an estrus synchroni-
zation protocol can result in an estrus onset between 22.45 
and 31.02 h. Meanwhile, according to Afriani et al. [26], 
administering the GnRH hormone to synchronize buffalo 
estrus, estrus onset was achieved in 18.2 h. This difference 
is caused by livestock condition, age, season, feed nutri-
tion, method, and estrus synchronization hormone proto-
col. According to Dewi et al. [36], the effectiveness of estrus 
synchronization protocols is influenced by the health and 
physiological conditions of livestock, both of which can 
influence ovarian activity. According to Perera [40], the use 
of the GnRH-PGF2a hormone can accelerate the onset of 

estrus in buffalo and facilitate follicular growth for corpus 
luteum proliferation. Supported by Efendi et al. [7] that 
the combination of hormones (GnRH-PGF2a) (Co-synch) 
is better than the conventional method (PGF2α-PGF2α). It 
was confirmed by Gordon [41] that the use of the GnRH 
hormone in post-partum buffalo can increase the ovarian 
cycle, improve corpus luteum disorders, and reduce the 
hormone progesterone.

This result shows that the use of multivitamins in the 
GnRH-PGF2a hormone protocol can accelerate the onset 
of buffalo estrus. According to Setyorini and Prihatno 
[42], the administration of multivitamins with the GnRH 
hormone is effective in overcoming repeated mating and 
increasing pregnancy rates in livestock. The onset of estrus 
is important in the reproductive management of buffalo 
and can even obtain the ideal time expected for insemina-
tion. Moreover, the use of multivitamins in different estrus 
synchronization protocols is very good in supporting the 
acceleration of estrus onset to achieve optimal estrus 
response and even has the potential to increase the preg-
nancy rate of the buffalo. 

Duration of estrus

The duration of swamp buffalo estrus with the use of mul-
tivitamins in various estrus synchronization hormone 
protocols is described in Figure 5. Figure 5 shows that 
the highest estrus duration was obtained at T3 (hormone 
combination + multivitamin method) in 21.92 h, while the 
lowest estrus duration was obtained at T1 (conventional 
method + multivitamin) in 21 h. The absence of this differ-
ence is due to the hormonal interactions being used (syn-
chronizing hormones and multivitamin supplementation), 
which can improve livestock health and reproductive effi-
ciency. Therefore, it does not affect the duration of estrus. 

Figure 4.  The onset of estrus in swamp buffalo with the use 
of multivitamins in different estrus synchronization hormone 
protocols.

Figure 5.  The estrus duration of swamp buffaloes with the use 
of multivitamins in different estrus synchronization hormone 
protocols.
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According to Chadda and Meena [16], the balance between 
hypostasis hormones and LH can produce the same estrus 
duration in livestock. Supported by Purohit et al. [2], Kuru 
et al. [43], and Chaudhari et al. [44], the duration of buffalo 
estrus is affected by hormonal status, and the administra-
tion of multivitamins indirectly impacts hormonal levels. 
According to Hafez and Hafez [17], the use of vitamin ADE 
can overcome disturbances in estrus. Administration of 
multivitamins can indirectly influence the duration of 
estrus by increasing the quality and quantity of ovarian fol-
licles so that the onset of estrus is faster and the duration 
of estrus is shorter.

The results of this study are by the research by Perera 
[40]. The duration of buffalo estrus ranges from 5 to 27 
h. However, the results of this study are different from 
Yendraliza et al. [31], where the duration of buffalo estrus 
ranged from 6.5 to 18.6 h. Meanwhile, Afriani et al. [26] 
explained that the duration of estrus using GnRH was 18 
h. This difference is caused by the health condition of the 
livestock, the type of livestock, and the hormone supple-
mentation used. According to Irmaylin and Madi [45], the 
duration of cattle estrus is affected by the age of the cattle, 
their condition and health, estrus induction, and the hor-
mones used. Supported by Shahid et al. [46], the duration 
of estrus can increase estrus induction, which causes the 
estrus duration of livestock to be longer. Therefore, it is 
beneficial for AI programs and the genetic improvement of 
livestock. The use of multivitamins in various estrus syn-
chronization protocols is suitable for optimizing buffalo 
estrus synchronization.

Estrus intensity

The intensity of swamp buffalo estrus with the use of mul-
tivitamins in various estrus synchronization hormone 
protocols is described in Table 2. Table 2 shows that there 
are differences in the estrus intensity of swamp buffaloes 
synchronized using different estrus synchronization meth-
ods. The highest duration was obtained at T3 (the combi-
nation method of estrogen and progesterone hormones 
plus multivitamins) at 32.60 h, while the lowest was at T1 
(conventional method plus multivitamins) at 25.80 h. The 
results of this study show that using the hormones estro-
gen and progesterone can increase the intensity of buffalo 

estrus compared to other treatments. The use of multivita-
mins in various estrus synchronization hormone protocols 
obtained high estrus intensity values ( + + + ). Supported 
by Ramli et al. [47], a high estrus score ( + + + ) has the 
criterion that the signs of estrus are clearer, indicating the 
optimal period for insemination. In addition, high estrus 
intensity can increase animal conception and reduce 
repeated mating, which improves reproductive efficiency 
and animal productivity.

Pregnancy rate

The pregnancy rate of swamp buffalo with the use of mul-
tivitamins in various estrus synchronization hormone pro-
tocols is described in Figure 6. Figure 6 shows that the use 
of multivitamins in various estrus synchronization hor-
mone protocols produced a pregnancy rate for buffalo of 
80%. The results of this study are by Syaiful et al. [48] that 
the accuracy of detecting buffalo pregnancy using rectal 
palpation is 80%, and using ultrasound can reach 100%. 
This result also proves that the use of multivitamins in dif-
ferent hormone protocols can increase the fertility of buf-
falo and reduce embryo mortality to optimize the increase 
in buffalo pregnancy rates. According to Purohit et al. [2] 
and De Rensis and Gatius [5], the use of different estrus 

Figure 6.  The pregnancy rate of swamp buffalo with the use 
of multivitamins in various estrus synchronization hormone 
protocols.

Table 2.  Estrus intensity of synchronized water buffaloes using various estrus synchronization methods (h). 

No Synchronization of Estrus Method n (Tail) Score Estrus intensity (h) Category of estrus intensity

1 Conventional method plus multivitamin (PGF2α-PGF2α + Multivitamin 10 ml) 10 +++ 25.80a ± 2.74 High

2 Co-synch method plus multivitamin (GnRH-PGF2α + Multivitamin 10 ml) 10 +++ 27.60ab ± 2.26 High

3 Hormone Combinations method plus multivitamin (Estrogen 2 ml-Progesterone 
4 ml-PGF2α 5 ml + Multivitamin 10 ml)

10 +++ 32.60bc ± 3.19 High

Note: Data is presented in numbers and standard deviation (SD).
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synchronization hormone protocols is effective in increas-
ing the fertility level of buffalo. According to Sanker et al. 
[49], there are several factors affecting livestock fertility, 
such as livestock health conditions, hormone synchroni-
zation protocols, and livestock reproductive management. 
As confirmed by Nava-Trujillo et al. [50] and Ahmad and 
Arshad [3], the fertility level of livestock is affected by the 
response of livestock to estrus synchronization and AI 
treatments. Furthermore, Oliveira Filho et al. [51] stated 
that the estrus response can increase livestock fertility. 
Supported by Syaiful et al. [52], livestock fertility levels 
are also affected by genetics, animal age, parity, health 
conditions, and feed management. Furthermore, Oliveira 
Filho et al. [53] suggested that the reproductive efficiency 
of buffalo can be increased through estrus synchroniza-
tion methods. The use of various estrus synchronization 
hormone protocols can help the formation of the corpus 
luteum and increase the concentration of progesterone, 
thus helping embryo implantation and placental develop-
ment in supporting embryo survival to increase the preg-
nancy rate of buffalo.

Conclusion

Based on the results of this research, using multivitamins 
in various estrus synchronization hormone protocols 
effectively optimizes the buffalo’s estrus response, reach-
ing up to 100%. It even results in longer estrus duration, 
faster estrus onset, and higher estrus intensity. It was also 
found that the pregnancy rate for buffalo reached up to 
80%. The results of this study indicate that the use of mul-
tivitamins in the estrus synchronization hormone protocol 
can increase the reproductive efficiency and productivity 
of buffalo livestock.
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GnRH, Gonadotropin-releasing hormone; ml, millili-
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Treatment-2; T3, Treatment-3; SPSS, Statistical Package 
for the Social Sciences (Statistical program).

Acknowledgment

Our gratitude to the breeders who have facilitated their live-
stock for the smooth running of this research. Furthermore, 
thanks were expressed to the technical implementer/
inseminator of the Padang Pariaman Regency Animal 
Husbandry and Health Service and the activity implemen-
tation team who had supported the implementation of the 
activity so that it could be completed well.

Conflict of interest

In this research/article, there is no conflict of interest.

Author contributions

All authors were responsible for and contributed to design-
ing research experiments, writing the manuscript, data 
analysis, evaluating and revising the manuscript, editing, 
and research design. The final manuscript was reviewed 
and approved for publication by all authors.

References
[1]	 Pirondi A, Teixeira C, Lima E, Valente T, Deminicis B, Bezerra F, et 

al. Reproductive characteristics of buffaloes: a review. J Agric Sci 
2019; 11(13):167; https://doi.org/10.5539/jas.v11n13p167

[2]	 Purohit GN, Thanvi P, Pushp M, Gaur M, Saraswat CS, Arora AS, 
et al. Estrus synchronization in buffaloes: prospects, approaches 
and limitations. Pharma Innov J 2019; 8(2):54–62; https://doi.
org/10.13140/RG.2.2.33173.78563

[3]	 Ahmad N, Arshad U. Synchronization and resynchroni-
zation strategies to improve fertility in dairy buffaloes. 
Theriogenology 2020; 150:173–9; https://doi.org/10.1016/j.
theriogenology.2020.01.025

[4]	 Carvalho NAT, Soares JG, Baruselli PS. Strategies to overcome sea-
sonal anestrus in water buffalo. Theriogenology 2016; 86(1):200–
6; http://dx.doi.org/10.1016/j.theriogenology.2016.04.032

[5]	 De Rensis F, López-Gatius F. Protocols for synchronizing 
estrus and ovulation in buffalo (Bubalus bubalis): a review. 
Theriogenology 2007; 67(2):209–16; https://doi.org/10.1016/j.
theriogenology.2006.09.039

[6]	 Taponen J. Fixed-time artificial insemination in beef cattle. Acta Vet 
Scand 2009; 51:48; https://doi.org/10.1186/1751-0147-51-48

[7]	 Efendi M, Siregar T, Hamdan H, Dasrul D, Thasmi C, Razali R, et al. 
Conception rates of local cows after induction with ovsynch pro-
tocols. J Med Vet 2015; 9(2):159–62; https://doi.org/10.21157/j.
med.vet.v9i2.3804

[8]	 Azzi A. Molecular mechanism of α-tocopherol action. Free 
Rad Biol Med 2007; 43(1):16–21; https://doi.org/10.1016/j.
freeradbiomed.2007.03.013

[9]	 Warriach HM, Channa AA, Ahmad N. Effect of estrus synchro-
nization methods on estrus behavior, timing of ovulation and 
pregnancy rate during the breeding and low breeding seasons 
in Nili-Ravi buffaloes. Anim Reprod Sci 2008; 107(1–2):62–7; 
https://doi.org/10.1016/j.anireprosci.2007.06.007

[10]	 Lauderdale JW. ASAS centennial paper: contributions in the Journal 
of Animal Science to the development of protocols for breeding 
management of cattle through synchronization of estrus and ovu-
lation. J Anim Sci 2009; 87(2):801–12; https://doi.org/10.2527/
jas.2008-1407

[11]	 Haider MS, Hassan M, Khan AS, Husnain A, Bilal M, Pursley JR. Effect 
of timing of insemination after CIDR removal with or without GnRH 
on pregnancy rates in Nili-Ravi buffalo. Anim Reprod Sci 2015; 
163:24–9; http://dx.doi.org/10.1016/j.anireprosci.2015.09.010

[12]	 Naseer Z, Ahmad E, Singh J, Ahmad N. Fertility following CIDR 
based synchronization regimens in anoestrous Nili-Ravi buf-
faloes. Reprod Domest Anim 2011; 46(5):814–7; https://doi.
org/10.1111/j.1439-0531.2010.01746.x

[13]	 Yendraliza, Handoko J, Rodiallah M. Reproductive perfor-
mance of buffalo-cows with various synchronization pro-
tocols in Kampar Regency of Riau Province. IOP Conf Ser 
Earth Environ Sci 2019; 260(1):012057; https://doi.
org/10.1088/1755-1315/260/1/012057



http://bdvets.org/javar/	�  736Syaiful et al. / J. Adv. Vet. Anim. Res., 11(3): 729–737, September 2024

[14]	 Yousuf MR, Martins JPN, Husnain A, Riaz U, Riaz H, Sattar A, et al. 
Effect of estradiol benzoate on estrus intensity and pregnancy rate 
in CIDR treated anoestrus nulliparous and multiparous buffalo. 
Anim Reprod Sci 2015; 159:104–8; https://doi.org/10.1016/j.
anireprosci.2015.06.003

[15]	 Campanile G, Neglia G, D’Occhio MJ. Embryonic and fetal mortality 
in river buffalo (Bubalus bubalis). Theriogenology 2016; 86(1):207–
13; https://doi.org/10.1016/j.theriogenology.2016.04.033

[16]	 Chadda A, Chand Meena D. Methods of estrus detection in cattle 
and buffaloes. 2021; 2(10):71–5. Available via www.vigyanvarta.
com

[17]	 Hafez ESE, Hafez B. Reproduction in farm animals. Lippincott 
William & Wilkins. A Wolter Kluwer Company, Philadelphia, PA, 
2013. Available via https://www.wiley.com (Accessed 27 August 
2024). 

[18]	 Sarker PK, Rahman MM, Bhuiyan M, Shamsuddin M. Effects of 
GnRH analogue and vitamin AD3E on induction of cyclicity in 
anoestrum heifers. Bangl J Vet Med 2015; 13(2):33–40; https://
doi.org/10.3329/bjvm.v13i2.26618

[19]	 Likittrakulwong W, Poolprasert P, Hanthongkul W, Roytrakul S. 
Effects of intramuscular injections of vitamins AD3E and C in 
combination on fertility, immunity, and proteomic and transcrip-
tomic analyses of dairy cows during early gestation. Biotech 2022; 
11(2):20; https://doi.org/10.3390/biotech11020020

[20]	 Tamura H, Takasaki A, Miwa I, Taniguchi K, Maekawa R, Asada 
H, et al. Oxidative stress impairs oocyte quality and melatonin 
protects oocytes from free radical damage and improves fer-
tilization rate. J Pineal Res 2007; 44(3):280–7; https://doi.
org/10.1111/j.1600-079X.2007.00524.x

[21]	 Dunne LD, Diskin MG, Sreenan JM. Embryo and foetal loss in 
beef heifers between day 14 of gestation and full term. Anim 
Reprod Sci 2000; 58(1-2):39–44; https://doi.org/10.1016/
s0378-4320(99)00088-3

[22]	 Tanumihardjo SA. Vitamin A: biomarkers of nutrition for devel-
opment. Am J Clin Nutr 2011; 94(2):658S–65S; https://doi.
org/10.3945/ajcn.110.005777

[23]	 Habeeb AAM, AbdelHafez MAM, ELGohary ESH, Fathala MM, 
Salama OA. Effect of vitamin AD3E injection on age and weight 
of weaning and reproductive activity of goats. 1- physiological 
response and reproductive performance of goat bucks during dif-
ferent seasons in Egypt. J Anim Poult Prod 2015; 6(12):719–39; 
https://doi.org/6. 719-739. 10.21608/jappmu.2015.52956

[24]	 Naziroǧlu M, Kilinç F, Uguz AC, Çelik Ö, Bal R, Butterworth PJ, et al. 
Oral vitamin C and E combination modulates blood lipid peroxida-
tion and antioxidant vitamin levels in maximal exercising basket-
ball players. Cell Biochem Funct 2010; 28(4):300–5; https://doi.
org/10.1002/cbf.1657

[25]	 Atabay E, Maylem E, Encarnacion E, Salazar R. Enhancing 
prostaglandin-based estrus synchronization protocol for 
artificial insemination in water buffaloes. Buffalo Bull 2020; 
39(1):53–60.

[26]	 Afriani T, Rahim F, Mundana M, Rahmat A, Jaswandi, Farhana A. 
The effect of GnRH on reproductive performance and progesterone 
hormone levels in buffalo in West Sumatra. J Trit 2020; 11(2):1–8; 
https://doi.org/10.47687/jt.v11i2.110

[27]	 Suzana R, Udin Z, Hendri H. The use of the estrus synchronization 
method against estrus response of buffalo (Bubalis carabausis) 
in Padang Pariaman. Indones J Anim Sci 2020; 22(2):176–83; 
https://doi.org/10.25077/jpi.22.2.176-183.2020

[28]	 Intawicha P, Wichapon J, Klamrak M, Dongpaleethun C, Ju JC. Effects 
of breeding season and estrus synchronization protocols on the 
fertility of anestrus swamp buffaloes (Bubalus bubalis). Livest Sci 
2022; 264:105043; https://doi.org/10.1016/j.livsci.2022.105043

[29]	 Farrag B. Productive characteristics and reproductive responses 
to estrus synchronization and flushing in Abou-Delik ewes graz-
ing in arid rangelands in Halaieb-Shalateen-Abouramad triangle 

of Egypt. J World’s Poult Res 2019; 9(3):201–10; https://dx.doi.
org/10.36380/scil.2019.wvj26

[30]	 Kuru M, Oral H, Çolak A, Gürbulak K, Bekyürek T. The effect of 
hCG or GnRH administration on pregnancy rates in Holstein heif-
ers when used to induce ovulation as part of a 5-day Co-Synch + 
progesterone-releasing intravaginal device protocol. Rev Med Vet 
2017; 168:38–45. 

[31]	 Yendraliza, Handoko J, Rodiallah M, Arman C. Estrus characteristic 
of female buffalo on various synchronization protocol in kampar 
regency, riau province. Proceed Nat Sem Livest Vet Technol 2017; 
2017:86–91. 

[32]	 Roza E, Aritonang SN, Yellita Y, Susanty H, Rizqan PYE. Potential 
of dadiah kapau from Agam District, West Sumatra, Indonesia as a 
source of probiotics for health. Biodiversitas 2022; 23(1):564–71; 
https://doi.org/10.13057/biodiv/d230161 

[33]	 Prasdini WA, Rahayu S, Djati M. Determination of the success 
uterine involution in friesian holstein dairy cow-based estrogen 
levels after multiple injection of selenium-vitamin E. Vet J 2015; 
16(3):351–6.

[34]	 Yosathai R. Importance of minerals on reproduction in dairy cattle. 
Int J Sci Environ Technol 2014; 3(6):2051–7.

[35]	 Purwasih R, Setiatin ET, Samsudewa D. The effect of Anredera cordi-
folia (Ten.) steenis supplementation on uterine involution process 
evaluated by oestrus post-partum behavior and farming. J Indones 
Trop Anim Agric 2014; 39(1):17–22; https://doi.org/10.14710/
jitaa.39.1.17-22

[36]	 Dewi RR, Wahyuningsih, Widayati DT. The estrus response of 
ettawa crossbreed with body condition score (BCS) 2 and 3 
using controlled internal drug release in short period combined 
with PGF2á injection. J Vet Med 2011; 5(1):11–6; https://doi.
org/10.21157/j.ked.hewan.v5i1.418

[37]	 Gunawan H, Rodiallah M, Yendraliza. The pregnancy rate of Swamp 
buffalo (Bubalus bubalis) on different synchronizing. J Anim Sci 
2020; 20(1):38–45; https://doi.org/10.24198/jit.v20i1.28582

[38]	 Zhao F, Wei QW, Li BJ, Weng QN, Jiang Y, Ning CB, et al. Impact of 
adrenocorticotropin hormone administration on the endocrinol-
ogy, estrus onset, and ovarian function of weaned sows. Endocr J 
2022; 69(1):23–33; https://doi.org/10.1507/endocrj.EJ21-0184

[39]	 Koyama K, Koyama T, Matsui Y, Sugimoto M, Kusakari N, Osaka I, 
et al. Characteristics of dairy cows with a pronounced reduction 
in first milk yield after estrus onset. Jap J Vet Res 2017; 65:55–63; 
https://doi.org/10.14943/jjvr.65.2.55

[40]	 Perera BMAO. Reproductive cycles of buffalo. Anim Reprod 
Sci 2011; 124(3-4):194–9; https://doi.org/10.1016/j.
anireprosci.2010.08.022

[41]	 Gordon I. Reproductive Technologies in Farm Animals. 2nd edi-
tion, CPI Group (UK) Ltd, Croydon, UK, 2017. Available via https://
vetbooks.ir/reproductive-technologies-in-farm-animals-2nd-edi-
tion/ (Accessed 27 August 2024). 

[42]	 Setyorini YW, Prihatno SA. Ovulation time and pregnancy rate in 
dairy cows that have repeat breeding after giving GnRH, vitamin 
AD3E, and povidone iodine infusion. J Sain Vet 2022; 40(1):97–
103; https://doi.org/10.73480/jsv.73480

[43]	 Kuru M, Kükürt A, Oral H, Öğün M. Clinical use of progesterone and 
its relation to oxidative stress in ruminants. In: Drevenšek G (ed.). 
Intech Open, 2018; https://doi.org/10.5772/intechopen.73311

[44]	 Chaudhari A, Haque N, Jamnesha N, Bhalakiya N, Patel G, 
Madhavatar MP, et al. Synchronization of estrus: a reproductive 
management tool in veterinary practice. Int J Curr Microbiol Appl 
Sci 2018; 7:1511–9.

[45]	 Irmaylin PES, Madi S. The response of estrus onset and estrous 
duration of ongole offspring at the various parities after the injec-
tion of prostaglandin F2α (PGF2α) twice. Integr Livest Sci J 2011; 
2(1):41–9; http://dx.doi.org/10.23960/jipt.v2i1.p%25p

[46]	 Shahid B, Khan MI, Andrabi SMH, Khan MN. Efficacy of estrus 
synchronization protocols in non-descript cattle of azad jammu 



http://bdvets.org/javar/	�  737Syaiful et al. / J. Adv. Vet. Anim. Res., 11(3): 729–737, September 2024

and kashmir during non-breeding and breeding seasons. J Anim 
Plant Sci 2021; 31(3):657–64; https://doi.org/10.36899/
JAPS.2021.3.0255

[47]	 Ramli M, Siregar TN, Thasmi CN, Dasrul D, Wahyuni S, Sayuti A. 
Relation between estrous intensity and estradiol concentration 
on local cattle during insemination. J Med Vet 2016; 10(1):27–30; 
https://doi.org/10.21157/j.med.vet.v10i1.4032

[48]	 Syaiful FL, Jaswandi J, Mundana M, Ilham I, Jamarun N, Efrizal E. 
Comparison of pregnant diagnosis in local buffalo with a seed 
germination inhibition test and rectal palpation. Adv Anim Vet 
Sci 2023; 11(11):1869–74; https://dx.doi.org/10.17582/journal.
aavs/2023/11.11.1869.1874

[49]	 Sanker S, Kumar D, Mandal KG, Taggar RK, Das AK. Factors influenc-
ing the dry period and calving interval in different grades of buffa-
loes. Buffalo Bull 2014; 33(1):120–6; https://doi.org/10.14456/
ku-bufbu.2014.23

[50]	 Nava-Trujillo H, Valeris R, Morgado-Osorio A, Zambrano-Salas S, 
Tovar-Breto L, Quintero-Moreno A. Reproductive performance of 

water buffalo cows: a review of affecting factors. J Buffalo Sci 2020; 
9:133–51; https://doi.org/10.6000/1927-520X.2020.09.15

[51]	 Oliveira Filho RV, Cooke RF, de Mello GA, Pereira VM, Vasconcelos 
JLM, Pohler KG. The effect of clitoral stimulation post artificial 
insemination on pregnancy rates of multiparous Bos indicus beef 
cows submitted to estradiol/progesterone-based estrus synchro-
nization protocol. J Anim Sci 2020; 98(7):skaa195; https://doi.
org/10.1093/jas/skaa195

[52]	 Syaiful FL, Afriani T, Purwati E. Effect of FSH dosage on 
the number and quality of Pesisir cattle embryos. IOP 
Conf Ser Earth Environ Sci 2019; 287(1):1–5; https://doi.
org/10.1088/1755-1315/287/1/012003

[53]	 Baruselli PS, Soares JG, Bayeux BM, Silva JCB, Mingoti RD, 
Carvalho NAT. Assisted reproductive technologies (ART) in 
water buffaloes. Anim Reprod 2018; 15(1):971–83; https://doi.
org/10.21451/1984-3143-AR2018-0043


