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Evaluation of  estrus detection by cervical monitoring and pregnancy rates in  
ovsynch and co-synch treated Anatolian buffalo heifers

İlktan Baştan1, Fırat Korkmaz1, Derya Şahin2, Seher Şimşek2, Mehmet Ali Yılmaz2

ABSTRACT
The aim of  this study was to assess the relationship between the occurrence and intensity of  estrous 
expression and the success of  artificial insemination in Ovsynch and Co-synch treated Anatolian 
buffalo heifers, employing a novel approach utilizing smartphone-based endoscopic inspection of  
the cervix uteri. Twenty-seven Anatolian buffalo heifers (n=27) were utilized for the study. In the 
Ovsynch synchronization protocol (n=15), GnRH (buserelin acetate, 12 μg) was administered on 
day 0, PGF2α (cloprostenol, 500 μg) on day 7, and GnRH (buserelin acetate, 12 μg) on day 9, with 
artificial insemination conducted 16-20 hours after the second GnRH application. For the Co-synch 
protocol (n=12), GnRH (buserelin acetate, 12 μg) was administered on day 0, PGF2α (cloprostenol, 
500 μg) on day 7, and GnRH (buserelin acetate, 12 μg) along with artificial insemination on day 10. 
At the time of  artificial insemination, estrous expression was categorized as intense, moderate, weak, 
or negative. Pregnancies were confirmed between 40 to 70 days after artificial insemination using eit-
her pregnancy-related glycoprotein or ultrasonography examinations.Intense, moderate, weak, and 
negative estrus intensities were observed at rates of  20%, 20%, 26.7%, and 33.3%, respectively, in 
the Ovsynch group and 41.7%, 58.3%, 0%, and 0%, respectively, in the Co-synch group (P<0.05). 
Pregnancy rates were 30% and 75% in groups exhibiting solely intense and moderate estrus exp-
ressions, respectively, in both the Ovsynch and Co-synch groups (P<0.05).In conclusion, utilizing 
a smartphone-based endoscopy apparatus for capturing images of  the cervix uteri could serve as a 
viable alternative for classifying the intensity of  estrus and determining the optimal time for artificial 
insemination. Moreover, in Anatolian buffalo heifers, it is recommended to employ the Co-synch 
protocol instead of  Ovsynch.
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INTRODUCTION

The Anatolian buffalo (Bubalus bubalis), reared in Türki-
ye, has 50 chromosomes, typically has a dark coat color, and 
originates from the Mediterranean subgroup of  river buffalos 
(Ünal et al., 2020). In recent years, it has been established as 
a state policy to increase the population of  Anatolian buffalo, 
which fell below 100,000 in 2010, through assisted reproduc-
tive technologies. (Bastan et al., 2021). The most important of  
these reproductive technologies is artificial insemination (AI), 
which is widely used worldwide. The success of  AI is a very 
parametric phenomenon that is influenced by many factors, 
with the most important being the accurate timing of  AI and 
the synchronization of  estrus (Roelofs et al., 2010). A num-
ber of  estrus synchronization protocols have been developed 
in buffaloes and applied. These protocols are based on the 
administration of  gonadotropin-releasing hormone (GnRH), 
prostaglandin, and progesterone hormones. However, these 
protocols for synchronizing estrus in buffaloes are based on 
those developed for cattle (Ambarcıoglu et al., 2023; Pursley 
et al., 1995). 

The duration of  the estrus phase in buffaloes exhibits con-
siderable variation, spanning from 5 to 72 hours. Ovulation 
typically transpires between 26 and 33 hours following the ini-

tiation of  estrus. Consequently, both the duration of  estrus 
and the timing of  ovulation are extended in buffaloes relative 
to cattle breeds. This variability in estrus and ovulation times 
may result in suboptimal synchronization outcomes and re-
duced pregnancy rates in buffaloes, including the Anatolian 
buffalo (Küçükkebabcı and Aslan, 2002; Purohit and Rao, 
2018). Additionally, the identification of  estrus in buffaloes 
poses challenges due to the infrequency of  homosexual be-
haviors such as mounting or standing, as well as the anatomical 
characteristics of  the vulva that make external detection of  
cervical mucus difficult. This presents a substantial obstacle 
in pinpointing the optimal timing for artificial insemination 
(Neglia et al., 2020; Peralta-Torres et al., 2020).

Recent research suggests that the success of  artificial in-
semination in cattle is closely related to the intensity of  estrus 
expression than the synchronization protocol used (Ferraz et 
al., 2017; Madureira et al., 2021; Saini et al., 2023). Although 
many studies have shown varying pregnancy outcomes in buf-
faloes subjected to different synchronization protocols, few 
have specifically examined the relationship between the inten-
sity of  estrus expression and pregnancy outcomes (Akhtar et 
al., 2013; Baruselli et al., 2010; Du et al., 2021). In addition, 
the criteria used to define the intensity of  estrus expression 
may vary between studies. In this study, the intensity of  estrus 
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expression was defined by evaluating the visual appearance of  
estrus symptoms such as cervical mucus, vulvar edema, and 
vulvar hyperemia. Additionally, a smartphone-based endo-
scopic inspection of  cervix uteri was also used to determine 
the intensity of  estrus. This methodological approach differs 
from conventional techniques used in previous studies. This 
study aims to evaluate the relationship between the occurrence 
and intensity of  estrous expression and the success of  artificial 
insemination in Ovsynch and Co-synch treated Anatolian buf-
falo heifers, using a smartphone-based endoscopic inspection 
of  the cervix uteri.

MATERIALS and METHODS

Animal Material

For this study, 27 Anatolian buffalo heifers (Bubalus bub-
alis), each at least 22 months old, were selected under field 
conditions (n = 27). These heifers were identified by the Min-
istry of  Agriculture and Forestry, the General Directorate of  
Agricultural Research and Policies, and the National Anato-
lian Buffalo Breeding Project Technical Staff. Comprehensive 
health examinations were performed before and during the 
study to ensure the inclusion of  only healthy animals.

Synchronization Protocols 

The absence of  pregnancy in the animals was confirmed 
using an ultrasonography examination (7,5 MHz Linear prob, 
Hasvet® 838, Türkiye) before initiation of  the synchronization 
protocol. For the Ovsynch synchronization protocol (n=15), 
GnRH (buserelin acetate, 12 μg, Receptal® 3 ml, intramuscu-
lar [im]) was administered on day 0, PGF2α (cloprostenol, 500 
μg, Estrumate® 2 ml, im) on day 7, and GnRH (buserelin ac-
etate, 12 μg, Receptal® 3 ml, im) on day 9, with AI performed 
16-20 hours after the second GnRH application (Neglia et al., 
2016). For the Co-synch protocol (n=12), GnRH (buserelin 
acetate, 12 μg, Receptal® 3 ml, im) was administered on day 
0, PGF2α (cloprostenol, 500 μg, Estrumate® 2 ml im) on day 
7, and GnRH (buserelin acetate, 12 μg, Receptal® 3 ml, im) 
along with AI application on day 10 (Fig. 1) (Akhtar et al., 
2013).

 
Classification of  Estrous Expression

Classification of  estrus expression was performed based on 
vulva edema and vulva hyperemia on external examination. 
Additionally, the cervix uteri was monitored using a smart-
phone-based endoscopic inspection apparatus to determine 
whether the ostium externum uteri was open or closed and the 
presence of  cervical mucus. Estrus intensity was classified as 
follows: (Baştan 2019; Bulut 2012; Kaurav et al. 2019; Da Silva 
et al. 2023): 

Intense: The presence of  vulvar hyperemia, vulvar edema, 
cervical mucus, and open cervix uteri characterized intense es-
trus (Fig. 2).

Moderate: Moderate estrus was identified by vulvar hyper-
emia and vulvar edema, accompanied by open cervix uteri. 
However, cervical mucus was not observed.

Weak: The vulvar hyperemia and vulvar edema were ob-
served to be mild, with an open cervix uteri noted. However, 
cervical mucus was not present.

Negative: Negative estrus was characterized by the absence 
of  vulvar hyperemia, vulvar edema, and cervical mucus, along 
with a closed cervix uteri.

Artificial Insemination (AI)

Following the estrus examination, AI was performed using 
Anatolian buffalo semen on the buffalo heifers that did not 
have negative estrus intensity. The study utilized frozen se-
men in the same straw batch from Anatolian buffalo that had 
appropriate spermatological values (at least 15 million motile 
spermatozoa/straw) according to legal regulations (Bastan et 
al., 2021).

Pregnancy Diagnosis

The pregnancy diagnosis was performed using ultrasonog-
raphy (7,5 MHz Linear prob, Hasvet® 838, Türkiye) or mea-
suring pregnancy-associated glycoprotein in blood serum with 
the enzyme-linked immunosorbent assay method using the 
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Figure 1. Ovsynch and Co-synch synchronization protocols. 
GnRH: Gonadotropin-releasing hormone (buserelin acetate, 12 μg, 
Receptal® 3 ml), PGF2α: Prostaglandin F2-alpha (cloprostenol, 500 μg, 
Estrumate® 2 ml), AI: artificial insemination with frozen-thawed semen. 



IDEXX® Rapid Visual Pregnancy Test kit, 40 to 70 days after 
artificial insemination. (Arshad et al., 2022).

Statistical Analysis

Descriptive statistics were presented as percentages and 
numbers for qualitative variables. The relationship between 
estrus intensity, pregnancy rates, and the synchronization pro-
tocols used was analyzed using Fisher’s exact probability test. 
Statistical analyses were conducted using Stata SE 15.1 statisti-
cal software, with a significance level of  P < 0.05.

RESULTS

Table 1 presents the estrus expression of  Anatolian buffalo 
heifers at the time of  artificial insemination (AI), along with 
their corresponding pregnancy rates within 40 to 70 days post-
AI, categorized by the synchronization protocol utilized. In 
the Co-synch group, the highest rate of  intense estrus was ob-
served at 41.7%. Meanwhile, buffaloes that exhibited weak and 
negative intensity of  estrus had rates of  26.7% and 33.3%, re-
spectively. These estrus expressions were observed only in the 
Ovsynch group (P < 0.05). The pregnancy rates for buffalo 
heifers in the Co-synch group were 80% for those with intense 
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Figure 2. Imaging of  the cervix uteri obtained through 
a smartphone-based endoscopic apparatus in Anatolian 
buffalo heifers during intense estrus. 

Synchronization 
protocol n

Estrus intensity (%) Number 
of  AIs

Number of  
pregnancies

P/AI 
(%)Intense Moderate Weak Negative

Ovsynch 15 20
(3/15)

20
 (3/15)

26.7
(4/15)

33.3
(5/15) 10 3 30a

Co-synch 12 41.7
(5/12)

58.3
(7/12)

0
(0/12)

0
(0/12) 12 9 75b

Table 1. Estrus intensities and pregnancy rates of  the ovsynch and co-synch groups.

AI: artificial insemination, P/AI: pregnancy per AI.
a,b Different letters in the same column indicate statistically significant differences (P < 0.05).

Figure 3. Pregnancy rates of  the buffalo heifers with intense and moderate estrus 
intensities in the Ovsynch and Co-synch group (P<0.05).* 
*: In the group exhibiting negative estrus, artificial insemination was not performed, 
and pregnancy was not achieved in the group displaying weak estrus.



estrus and 71.42% for those with moderate estrus (Fig. 3). 
In contrast, none of  the four buffaloes that exhibited a weak 
estrus response were found to be pregnant in the Ovsynch 
group, while the pregnancy rates were 66.67% for buffalo heif-
ers with intense estrus and 33.33% for those with moderate 
estrus. Statistical analysis revealed a significant difference (P < 
0.05), as depicted in Figure 3.

DISCUSSION

In this study, we detected the occurrence and intensity of  
estrus using a novel approach that image of  the cervix uteri 
with a smartphone-based endoscopy apparatus. Previous 
studies have employed various methods to assess estrus oc-
currence, including the observation of  different behaviors 
(standing to be mounted, mounting, bellowing, walking fence 
line, increased nervousness and activity, etc), and, in part, the 
measurement of  estradiol (E2) and progesterone (P4) concen-
trations in plasma. Several studies on artificial insemination 
and even embryo transfer in cattle have shown a positive rela-
tionship between the intensity of  estrus and pregnancy rates 
(Burnett et al., 2022; Madureira et al., 2015; Madureira et al., 
2022: Tippenhauer et al., 2021) Maduriera et al. (2015) report-
ed that high physical activity during estrus was associated with 
the success of  pregnancy per artificial insemination (P/AI) in 
Holstein cows. 

The study investigated the relationship between estrus 
intensity, assessed through physical activity, and pregnancy 
outcomes. Findings revealed that calving ease (unassisted vs. 
assisted) and postpartum diseases (such as retained fetal mem-
brane, displaced abomasum, and hyperketonemia) had adverse 
effects on both the intensity and duration of  estrus in lactating 
cows (Madureira et al., 2023). For this reason, it is thought that 
evaluating estrus intensity through cervix uteri monitoring will 
provide a more objective assessment of  both estrus intensi-
ty and conditions such as postpartum cervicitis and metritis, 
compared to determining estrus findings solely based on be-
havioral observations or plasma hormone (P4 and E2) levels.

There is limited research in the literature on the effects of  
the occurrence and intensity of  estrus expression on the suc-
cess of  AI in buffaloes. Gayke et al. (2022) reported that after 
the Ovsynch synchronization protocol in buffalo heifers, the 
rates of  intense, intermediate, and weak estrus were 33.3%, 
41.7, and 25.00%, respectively, and the pregnancy rate was 
33.33%. Sharma et al (2021) conducted a study on the Murrah 
buffalo and found that the Co-synch synchronization proto-
col resulted in 33.3% intense, 41.7% moderate, and 25% weak 
estrus intensities. The progesterone-supported Co-synch pro-
tocol resulted in rates of  46.7%, 33.3%, and 20% for intense, 
moderate, and weak intensities, respectively. These results are 
consistent with the estrus intensity rates observed in the cur-
rent study. In Sharma et al. (2021) study, the pregnancy rate 
was 33.3% in the Co-synch group and 46.6% in the progester-
one-supported Co-synch group. It is worth noting that hCG 
was used in the last stage of  their synchronization protocols, 
unlike in the current study where GnRH was used. Kumar et 
al. (2016) conducted a study on Murrah buffalo and found that 
38.4% exhibited intense estrus, 46.1% exhibited moderate es-
trus, and 15.3% exhibited weak estrus following the Co-synch 

protocol. The overall conception rate was 62.5%. During the 
study, pregnancy outcomes were observed in buffalo heifers 
that exhibited intense and moderate estrus expressions in 
both synchronization groups. The relationship between estrus 
intensity and pregnancy outcomes outlined in these studies 
aligns with the findings of  the current study, despite variations 
in the behavioral signs used to evaluate estrus expressions. In 
a study examining the administration of  oestradiol benzoate 
(OEB) on Nili-Ravi buffalo, there was no significant relation 
between estrous intensity and pregnancy rate (Yousuf  et al., 
2015). It is thought that this circumstance is due to the weak 
behavioral signs of  estrus in buffaloes. 

The efficacy of  estrus synchronization protocols is closely 
related to the dynamics of  follicular waves. In contrast to cattle 
breeds, buffaloes typically exhibit a two-phase pattern of  fol-
licular waves. (Jan et al., 2020; Abulaiti et al., 2022; Chaudhari 
et al., 2022; Manasa et al., 2022). Research on the follicular 
dynamics of  Anatolian buffalo is limited. Additionally, while it 
is generally observed that Anatolian buffalo exhibit three fol-
licular waves, there is research suggesting that two-phase follic-
ular waves are also common in this breed. (Aksoy et al., 2002; 
Uçar et al., 2004; Yilmaz et al., 2014; Yilmaz et al.,7 2021). 
Therefore, their estrus cycle is shorter than that of  buffaloes 
with three follicular waves, supporting the possibility of  earlier 
ovulation after administering a second GnRH in the Ovsynch 
protocol. For this reason, it is thought that estrus intensity 
and pregnancy rate were lower in the Ovsynch group. Since 
biphasic follicular growth is commonly observed in bovine 
heifers, it is recommended to utilize the Co-synch synchroni-
zation protocol either alone or in combination with progester-
one hormone supplementation. Pregnancy rates in Ovsynch 
and Co-synch treated buffaloes are highly variable when es-
trus findings are not assessed during artificial insemination. 
Hussein et al. (2016) achieved a 40% pregnancy rate in Egyp-
tian buffalo heifers following the Ovsynch synchronization 
protocol. Chaikhun et al. (2010) stated that 15% and 42.9% 
pregnancy rates were obtained from treated Ovsynch swamp 
buffalo heifers and cows, respectively. In a study conducted 
by Biradar et al. (2016) on repeat breeder buffaloes aged over 
10 years, the Ovsynch group exhibited a 50% pregnancy rate, 
whereas the Co-synch group showed a 37.5% pregnancy rate.  

In the present study, significantly higher pregnancy rates 
were achieved in the group of  Co-synch treated buffalo heifers 
compared to the Ovsynch group. In the Co-Synch protocol, 
the second GnRH application is administered during artifi-
cial insemination, distinguishing it from the Ovsynch proto-
col. Literature suggests that in buffaloes, the second follicular 
wave results in the development of  a secondary follicle that is 
comparable in size to the dominant follicle. Additionally, it has 
been observed that this secondary follicle can induce simulta-
neous or interval ovulations with the administration of  GnRH 
stimulation. (Wagas et al., 2016; Neglia et al., 2020). In this 
context, it is considered that fertilization occurs depending on 
the quality of  the sperm used. Moreover, natural estrus and 
ovulation periods have been reported to be longer in buffaloes 
than in cattle (Neglia et al., 2020). Synthetic GnRH analogs 
have a longer-lasting effect than natural GnRH. On average, 
natural GnRH release has a plasma half-life of  four minutes. 
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The buserelin acetate preparation utilized in this study exerts 
an effect that is 20-170 times stronger than natural GnRH. 
(Kumar et al., 2022). Therefore, the above-average pregnancy 
per artificial insemination (P/AI) outcomes observed in the 
Co-synch group could be attributed to the unique character-
istics of  follicular wave dynamics in Anatolian buffalo heifers 
and their responsiveness to exogenous GnRH treatments.

CONCLUSION

Presently, Anatolian buffaloes account for only 1% of  the 
total population compared to cattle breeds in Türkiye. This 
low percentage can be attributed primarily to the difficulties 
associated with the care, feeding, and reproduction of  Ana-
tolian buffaloes, which are often characterized as semi-do-
mesticated. Hence, ovarian dynamics could not be monitored 
using ultrasonography in this study. In conclusion, however, 
the study suggests that using a smartphone-based endoscopy 
apparatus to capture images of  the cervix uteri could be a via-
ble alternative to ultrasound applications for classifying the in-
tensity of  estrus and determining the optimal time for artificial 
insemination. Further studies on larger buffalo populations are 
needed to validate this model. Moreover, to avoid early ovula-
tion in Anatolian buffalo heifers, it is recommended to use the 
Co-synch protocol instead of  Ovsynch. 
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