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ABSTRACT 	
The aim of this study was to evaluate Ovsynch protocol efficiency and the effect of season on conception rates in 

Bulgarian Murrah buffaloes. The Ovsynch protocol was applied in 32 buffaloes during the breeding period (Group I) and 
15 buffaloes during the non-breeding season (Group II). Ultrasound scans were performed on day -10, day 0 and day 10 to 
detect ovarian structures and on day 35 after fixed-time artificial insemination for early pregnancy diagnosis. Blood samples 
were collected on the 7th and 17th day for assay of serum progesterone concentrations and detection of ovulation stage. 
Discharge was observed in 59.4% (19/32) of the buffaloes from the first and 33.3% (5/15) from the second group. Pregnancy 
was detected in 52.6% (10/19) of the animals during the breeding season and in 40.0% (2/5) during the non-breeding season. 
Openness of the cervical canal was registered in 53.1% (17/32) of animals from first group and in 20.0% (3/15) from the 
second one, whereas pregnancy was detected in 23.5% (4/17) and 33.3%, (1/3) respectively. During the breeding season the 
ovulation rate was detected in 71.9% (23/32) of the buffaloes after the first GnRH treatment, and in 81.3% (26/32) after the 
second one. In the second group, percentages were lower-53.3% (8/15) and 66.7% (10/15). On the 35th day, pregnancy was 
detected in 46.9% (15/32) of the buffaloes during the breeding season and 20.0% (3/15) during non-breeding season. Our 
results showed that the Ovsynch protocol is efficient for estrus synchronisation and fertilisation in both season. The highest 
ovulation rates are obtained in buffaloes with CL and follicle ≤10 mm at starting of protocol. Ultrasound determination of 
ovarian structures before starting the Ovsynch protocol will increase ovulation and pregnancy rates.
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INTRODUCTION
	
In buffalo farming, genetic progress to increase 

milk yield can be achieved by applying reproductive 
biotechnologies previously implemented only in 
cows. Successful results depend on accurate estrus 
detection. However, buffaloes rarely demonstrate 
the characteristic clinical signs of estrus at 
synchronization and usually are characterized by 

weak oestrus of variable duration (6–64 h), which 
makes prediction of ovulation time difficult (1). 

The application of artificial insemination 
(AI) offers breeders the opportunity to achieve a 
proper distribution of births during the year and 
reduce the adverse impact of anestrus. The AI 
in buffaloes is mainly used after implementing 
estrus synchronization protocols to improve the 
reproductive performance (2). The protocols for 
estrus induction and synchronization comprise the 
use of various hormones such as gonadotropin-
releasing hormone (GnRH), progesterone (CIDR, 
PRID), estradiol, equine chorionic gonadotropin 
(eCG) and prostaglandins (PGF2α) (3). Protocols 
that synchronize the time of ovulation allow 
fixed-time AI, avoiding detection of estrus by 
external signs. Factors to consider when choosing 
a synchronization protocol include the category of 
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animals (heifers, primiparous or multiparous), the 
reproductive status (cycling or anestrous), and the 
season (2).

During the past decade, the Ovsynch protocol 
is implemented in large ruminants for estrus 
synchronization, resulting in insemination 
and births within short periods of time (4). The 
routine use of synchronization protocols with 
programmed AI is implemented in buffalo farms. 
The protocols enable the control of the sexual cycle 
phases, permitting AI without estrus detection 
and satisfactory fertility during the non-breeding 
season. The Ovsynch protocol application to 
buffaloes results in increased ovulation rates and 
improved fertility when combined with fixed-
time AI. This protocol achieved insemination 
rates similar to those of cows inseminated during 
natural estrus and a reduced calving to first 
service interval (5).

The lack of studies in the country on estrus 
synchronization in buffaloes in production 
conditions gave us reason to plan studies to 
establish the effectiveness of the Ovsynch protocol 
in production conditions. We hypothesized that the 
application of the Ovsynch protocol would result in 
satisfactory conception rates in Bulgarian Murrah 
buffaloes and that the breeding season (short-day 
period) would be associated with higher pregnancy 
rates compared to the non-breeding season (long-
day period). In this regard, the study was designed 
to evaluate the effect of season on the reproductive 
response to the Ovsynch protocol, rather than to 
assess its practical applicability under different 
seasonal conditions.

The aim of the experiment was to study the 
influence of specific seasonal changes in the 
ovaries on the fertility of the Bulgarian Murrah 
buffaloes and to determine pregnancy rates after 
synchronization and artificial insemination with a 
fixed time. 

MATERIAL AND METHODS 

Ethical approval 
All procedures were conducted in accordance 

with the Bulgarian Veterinary Law (25 January 
2011) and in compliance with Directive 2010/63/
EU on the protection of animals used for scientific 
purposes. The experiment was approved by 
the Animal Ethics Committee of the Faculty of 
Veterinary Medicine, Trakia University - Stara 
Zagora.

Animals and experimental design
The research hypothesis of the study was to 

evaluate Ovsynch protocol efficiency and the 
effect of season on conception rates in Bulgarian 
Murrah buffaloes. The animals were reared on 
the buffalo farm of the Agricultural Institute-
Shumen (North-East of Bulgaria, latitude: 43.28N, 
longitude: 26.93E). The ration of buffaloes 
included concentrate, alfalfa hay, straw, and 
constant access to water. The study included 
forty-seven Bulgarian Murrah buffaloes, >45 days 
in milk, with body condition score 3-4 by the 
five-point scale (6) and milk yield 1900-2200 L 
with two milkings per day. The Ovsynch protocol 
was applied in 32 buffaloes during the breeding 
period (group I) and 15 buffaloes during the non-
breeding season (group II).

Hormonal treatments with intramuscular 
injections were as followed: GnRH on day 0; 100 
µg Оvarelin (Gonadorelin, Ceva Sante Animale, 
France); PGF2α on day 7; 25 mg Enzaprost 
(Dinoprost trometamol, Ceva Sante Animale, 
France); GnRH on day 9; 100 µg Оvarelin 
(Gonadorelin, Ceva Sante Animale, France) with 
TAI 20 h after the last GnRH treatment (Fig. 1). 
All treatments were performed at 8.00 a.m. of 
the schedules day. TAI was done by the same 
insemination technician.    

Figure 1. Experimental design and applied synchronization protocol
Legend: Ech-ultrasonography; GnRH-gonadotrophin releasing hormone; PGF2α-prostaglandin F2α; BS-blood sample; 

TAI-timed artificial insemination 
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Ultrasonographic examination, cyclic status, 
blood collection, progesterone analysis

Ultrasound examination was performed with 
SonoScape S2 Vet ultrasound (SonoScape Co. 
LTD, Shenzhen, China), using multi-frequency 
linear rectal probe (L741V, 5.0-10.0 MHz) at a 
frequency of 7.5 MHz and transrectal approach. 
Prior to Ovsynch application, ultrasound scans 
were performed to detect cycling and non-cycling 
buffaloes on the basis of presence or absence of 
corpus luteum (CL). For confirmation of non-
cycling state, a second ultrasound examination was 
done 10 days apart on animals without CL during 
the first exam (18), as well as on day 35 after the 
TAI for early pregnancy diagnosis). Depending 
on results of last examination, the animals were 
allotted into three subgroups (A-with CL and 
follicle ≤10 mm; B-with follicle ≥10 mm; C-with 
follicle ≤10 mm). 

Openness of the cervical canal was assessed 
at the time of artificial insemination and defined 
as the degree of cervical canal relaxation allowing 
passage of the insemination gun through the 
cervix. The assessment was based on the ease of 
catheter penetration as an indirect indicator of 
estrogenic activity. It was evaluated based on the 
ability to pass the insemination catheter through 
the cervix (present = easy passage; absent = 
difficult or no passage) (7, 8).

Blood samples for assay of serum progesterone 
were collected on days 7 and 17 at eight o'clock in the 
morning. Serum progesterone concentrations were 
determined with ЕLISA Huma Reader (HUMAN, 
Germany), and Progesterone EIA 96 TEST kit 
(Catalog Number: 6107620; Linear Chemicals, 
Spain). The test is competitive sandwich ELISA 
for quantitation of progesterone in biological 
fluids. Enzyme activity was read at 450 nm on 
Huma Reader (HUMAN, Germany). The optical 
density values of tested samples were converted 
into progesterone concentrations (ng/mL) versus 
the standard curve. After the application of the 
first and second GnRH, ovulation was determined 
on the basis of progesterone (P4) levels: ovulation 
was accepted as present at levels ≥1 ng/mL and 
absent at ≤1 ng/mL (9, 10).

Statistical analysis
The results were processed by computer 

program Statistica version 10.0 (Stat-Soft. 
Inc. Tulsa, OK, USA). The values of different 
parameters were presented as relative proportion 
(%), mean ± standard deviation (mean±SD). 

Analysis of variance for main effects (ANOVA) 
was used to estimate the statistical significance of 
the influence of different factors on the likelihood 
of pregnancy. The significance of the differences 
between the mean values for different groups and 
subgroups was compared using the Chi-square test 
for comparison of proportions with small samples. 
A post hoc power analysis was performed based 
on the observed pregnancy rates between groups. 
Statistical significance was considered at p< 0.05.

RESULTS 

Based on the ultrasound exams conducted 
at 10-day intervals, the presence or absence of 
functioning ovarian structures was determined. 
Results showed that 53.1% (17/32) of the buffaloes 
treated in the breeding season (Group I) were 
cycling, while in those in non-breeding season 
(Group II) only one buffalo was cycling (6.7%, 
1/15). The analysis of the results (Table 1) about 
the structures present in the ovaries at the start 
of synchronization established that conception 
has occurred in 58.8% (10/17) of the buffaloes 
from subgroup A, 36.4% (4/11) from subgroup 
B and 25.0% (1/4) with a follicle ≤10 mm for the 
group during the breeding season. During the 
non-breeding season, conception was registered 
in 27.3% (3/11) of buffaloes with a follicle ≥10 
mm. The presence of discharge and openness of 
the cervical canal were recorded at the time of the 
artificial insemination. Discharge was observed in 
59.4% (19/32) of the buffaloes from the first and 
33.3% (5/15) from the second group. On day 35, 
pregnancy was detected in 52.6% (10/19) of the 
animals during the breeding season and in 40.0% 
(2/5) during the non-breeding season. Regarding 
openness of the cervical canal, it was registered 
in 53.1% (17/32) of animals from first group and 
in 20.0% (3/15) from the second one, whereas 
pregnancy was detected in 23.5% (4/17) and 
33.3% (1/3), respectively. The size of the largest 
follicles detected on the TAI day did not differ 
statistically between the groups and subgroups. 
During the breeding season the ovulation rate was 
detected in 71.9% (23/32) of the buffaloes after the 
first GnRH treatment, and in 81.3% (26/32) after 
the second one. In the second group, respective 
percentages were 53.3% (8/15) and 66.7% (10/15). 
On the 35th day, pregnancy was detected in 46.9% 
(15/32) of the buffaloes during the breeding season 
and 20.0% (3/15) during the non-breeding season. 
A total conception rate of 38.3% (18/47) was 
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recorded after implementation of the Ovsynch 
protocol without taking into account the season as 
a factor. A post hoc power analysis indicated that 
the statistical power of the study ranged between 

approximately 50% and 65%, reflecting a limited 
ability to detect significant differences between 
groups.

Table 1. Reproductive response of buffaloes to Ovsynch protocol applied during the breeding and non-breeding seasons

Group I (breeding season) Group II (non-breeding season)

n=32 Pregnancy 
35 days n=15 Pregnancy 

35 days

Formations in the ovaries on day 0 n/% n/% n/% n/%

А 17/32(53.1) 10/17(58.8) 1/15(6.7)

В 11/32(34.4) 4/11(36.4) 11/15(73.3) 3/11(27.3)

С 4/32(12.5) 1/4(25.0) 3/15(20.0)
Diameter of largest follicle on day 
0 (mm) (x±Sd) (x±Sd)

А 8.4±1.2 8.9

В 12.2±1.4 11.6±1.3

С 7.8±1.5 8.1±1.7
Diameter of largest follicle on day 
10 (mm) (x±Sd) (x±Sd)

А 12.4±1.2 12.1

В 12.1±1.3 11.8±1.2

С 10.6±1.2 10.1±1.4

Presence of discharge on day 10 19/32(59.4)a 10/19(52.6)a 5/15(33.3)b 2/5(40.0)b

А 11/17(64.7) 6/11(54.4) 1/1(100.0)

В 7/11(63.6) 3/7(42.9) 3/11(27.3) 2/3(66.7)

С 1/4(25.0) 1/1(100.0) 1/3(33.3)
Openness of the cervical canal on 
day 10 17/32(53.1)a 4/17(23.5)a 3/15(20.0)b 1/3(33.3)b

А 10/17(58.8) 2/10(20.0) 1/3(33.3)

В 6/12(50.0) 2/6(33.3) 2/11(18.2) 1/2(50.0)

С 1/3(33.3)

Ovulation rate on day 7 23/32(71.9)a 14/23(60.9)a 8/15(53.3)b 3/8(37.5)b

А 15/17(88.2) 9/15(60.0) 1/1(100.0)

В 9/12(75.0) 5/9(55.6) 6/11(54.5) 3/6(50.0)

С 1/3(33.3) 1/3(33.3)

P4 levels on day 7 (mean±D) 3.62±1.2 2.45±0.8

Ovulation rate on day 17 26/32(81.3)a 15/26(57.7)a 10/15(66.7)b 3/10(30.0)b

А 15/17(88.2) 9/15(60.0) 1/1(100.0)

В 10/12(83.3) 5/10(50.0) 7/11(63.6) 3/7(42.9)

С 1/3(33.3) 1/1(100.0) 2/3(66.7)

P4 levels on day 17 (mean±D) 4.28±2.4 3.24±1.6

Pregnancy rate 15/32(46.9) 3/15(20.0)

Legend: subgroup A-CL and follicle ≤10 mm; subgroup B-follicle ≥10 mm; subgroup C-follicle ≤10 mm
a/bDifferent capital letters in the same row indicate significant difference between groups at p<0.05
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DISCUSSION 

The Ovsynch protocol is the most 
commonly used for synchronization of estrus 
and timed artificial insemination in lactating 
buffaloes. Fixed-time artificial insemination 
was implemented to overcome the difficulty 
of detecting animals in estrus and performing 
artificial insemination in spontaneously ovulating 
animals at a predetermined time (11). Ovsynch 
protocol’s treatment with GnRH on day 0 and 
PGF2α on day 7 induces ovulation of the dominant 
follicle and regression of the corpus luteum, 
while a second administration of GnRH on day 
9 controls ovulation of the new dominant follicle. 
The LH surge at a random point in the estrous 
cycle is triggered by administration of GnRH, 
which subsequently provokes luteinisation of the 
dominant follicle (12).

Assay of serum progesterone concentrations is 
usually used for luteal function evaluation in large 
ruminants (13). Despite its predictive value, the 
analysis of blood progesterone is time-consuming 
and provides only limited information in support 
of decision-making. The response rate after the 
first GnRH treatment with dominant follicle 
ovulation in cycling buffaloes was significantly 
higher (p<0.05) than in non-cycling ones. The 
results of the present study are consistent with 
rates obtained in studies conducted in autumn and 
winter and in summer (14). High response rates 
were also reported in other studies performed in 
autumn and winter as well as early spring (15). 
These results are explained by the pronounced 
seasonal cyclicity of buffaloes. Ovulation rates of 
90% (9/10) were found in cycling buffaloes, and 
62.5% (5/8) in non-cycling buffaloes after the first 
GnRH injection (15). The variation in response to 
the first GnRH injection between the studies may 
be due to variations in the number of animals with 
dominant follicles at growth stages during the 
GnRH treatment. This explanation is supported 
by data that the size of follicles that ovulated or 
luteinized after the first GnRH application was 
significantly greater than that of non-responsive 
follicles. In addition to follicle size, the functional 
state of the follicle, the developmental competence 
of the oocyte and steroid environment at the time 
of GnRH administration are important factors 
determining the ovulatory response (16).

Several researchers have suggested that follicle 
diameter at the time of GnRH treatment did not 
significantly affect the ovulatory response in 
non-cycling Murrah buffaloes. However, larger 

follicles with a diameter of >9.5 mm were reported 
to give a higher ovulation rate than smaller 
follicles (17). Studies using the Cosynch protocol 
demonstrated that the follicle diameter and its 
stage of development at the time of first GnRH 
treatment are important for its effectiveness, 
especially when the follicle size was >9 mm, 
leading to better conception rates (18). The optimal 
time to start synchronization protocols can be 
determined by ultrasound identification of ovarian 
structures (19). The presence of a dominant follicle 
and an active corpus luteum largely determine 
the outcome of synchronization. In our study, we 
recorded a significantly better ovulatory response 
after the first GnRH treatment in buffaloes with 
a follicle size ≥10 mm for the breeding and non-
breeding season respectively, compared to animals 
with a follicle size ≤10 mm in both seasons. After 
the second GnRH treatment, ovulation rate in the 
breeding season was significantly higher (p<0.05) 
than the non-breeding season. Similar to our 
results were reported by Ali and Fahmy (15) in 
Egyptian river buffalo-cows.

The conception rate ranged from 0 to 37% in 
non-cycling buffaloes during the non-breeding 
season after application of the Ovsynch protocol 
(20). In our study, pregnancy was recorded similar 
values of the treated buffaloes. The unsatisfactory 
results are most probably due to two main reasons. 
First, the induction of estrus requires ovulation 
by both GnRH treatments suggesting that the 
presence of an LH-responsive follicle >9 mm is 
a key factor. Second, the CL formed after the 
first GnRH treatment is short-lived, leading to 
insufficient progesterone concentrations (21).

Clinical signs of estrus and uterine discharge 
have been sporadically observed in buffaloes 
submitted to synchronization. In our study, estrous 
discharge was found in animals significantly 
higher (p<0.05) during the breeding season than 
the non-breeding season. Similarly, higher relative 
proportion of buffaloes with estrous discharge 
(74.2%) was reported by Atanasov (22). Oestrous 
discharge was observed in 40% (6/15) of buffaloes 
with the Ovsynch protocol and estrous discharge 
in 20% (3/15) of buffaloes treated with Ovsynch 
and PRID (23). The absence of estrous discharge 
in treated buffaloes can be explained by the 
fact that the period when the follicles reach the 
ovulation stage is significantly shorter compared 
to a normal sexual cycle. One of the reasons for the 
weaker estrus manifestation may be the relatively 
lower steroid activity of the follicles. The uterus 
exposure to estrogen is shorter, and consequently, 
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the produced discharge is of significantly lower 
amount but with increased viscosity (24). Rao 
and Pandey (25) reported a reduced secretion 
of 17β-estradiol during the months with long 
daylight duration. The possibility of existence 
of preovulatory follicles with reduced estrogenic 
activity is a plausible explanation for the recorded 
lower proportion of animals with estrous 
discharges during the non-breeding season.

Openness of the cervical canal depends 
primarily on cervical muscles’ relaxation and 
estrogen-stimulated secretory activity (26). In our 
study it was found significantly higher (p < 0.05) in 
animals from the first than these from the second 
group. These results are close to those reported 
by Atanasov (27) in buffaloes after application of 
modified Ovsynch protocol.

The Ovsynch protocol is appropriate in terms 
of practical implementation and less expensive than 
exogenous progesterone (PRID)-based protocols 
(22). Ovulation synchronization rates are within 
78.8–93.3% in cycling buffaloes and conception 
rates range from 42.8% to 60% after a single artificial 
insemination during the breeding season (14, 15). 
The results obtained in our study in the buffaloes 
during the breeding season about ovulation rate and 
conception rate are close to those published in other 
studies (13, 28). Lower conception rates (34-40%) 
were reported in Italian Mediterranean buffaloes, 
Murrah buffaloes (33.3%), Nili-Ravi buffaloes in 
Pakistan (36.3% during the breeding season and 
30.4% during the non-breeding season) (29, 30). 
One possible reason for the lower fertility rate 
with the Ovsynch protocol is the fact that after the 
second GnRH treatment, ovulation of the dominant 
follicle is induced before it is fully developed, which 
results in compromised quality of the oocyte and/or 
the formed corpus luteum and plasma progesterone 
concentrations that are low to maintain pregnancy. 
Reduced progesterone synthesis below the required 
threshold is one of the causes for embryonic loss 
in cattle (31) and a similar explanation has been 
proposed for buffaloes (32, 33). Ali and Fahmy (10) 
established early and asynchronous ovulation in 
non-cycling buffaloes which is the main problem 
with the Ovsynch protocol.

Breeding season has an impact on the 
conception rate. Baruselli et al. (34) and Warriach et 
al. (30) reported that the reproductive performance 
of buffaloes during the breeding season (autumn 
and winter) was better represented than that out 
of the breeding season. Heat stress may have an 
adverse effect on oocyte quality via increased 
body temperature and reduced blood flow to the 

genitals. These changes inhibit normal embryonic 
development and increase embryonic losses (35). 

It is known that when using progesterone-based 
protocols for estrus synchronization (PRID, CIDR, 
MAP sponges), a comprehensive understanding of 
ovulation timing is crucial. In this regard, some 
authors reported increasing pregnancy rates in 
postpartum buffaloes, using GnRH administration 
84 hours after medroxyprogesterone acetate 
(MAP) removal (36) and after CIDR-Cosynch 
protocol (37). Our results indicated that using the 
Ovsync protocol in buffaloes achieves similar 
pregnancy rates, especially during the breeding 
season. Compared to progesterone-based protocols, 
the Ovsynch protocol is significantly shorter, easily 
implemented, and less expensive. A post hoc power 
analysis indicated that the statistical power of the 
study ranged between approximately 50% and 65%, 
reflecting a limited ability to detect significant 
differences between groups. This limitation is 
primarily related to the relatively small sample 
size, especially in the non-breeding group. It should 
be noted, however, that the buffalo population in 
Bulgaria is considerably smaller compared to cattle 
and small ruminants, which inherently restricts 
the number of animals available for experimental 
studies. Therefore, studies conducted under field 
conditions in this species are often constrained in 
sample size. Despite this limitation, the present 
study provides valuable data on the reproductive 
performance of Bulgarian Murrah buffaloes, a 
comparatively less-studied livestock species under 
practical farming conditions. Although the use of 
synchronization protocols during the non-breeding 
season may be less efficient, evaluating their 
performance under these conditions is important 
for improving reproductive management strategies 
in buffalo farming.

CONCLUSION 	

The analysis of the obtained results showed 
that the Ovsynch protocol is efficient for estrus 
synchronisation and fertilisation in Bulgarian 
Murrah buffaloes during breeding and non-breeding 
season. A better synchronisation and conception rate 
were achieved during the breeding season due to 
the high proportion of cycling animals. The highest 
ovulation rates are obtained in buffaloes with CL 
and follicle ≤ 10 mm in the ovaries. In this regard, 
ultrasound determination of ovarian structures 
before starting the Ovsynch protocol will increase 
ovulation and pregnancy rates.
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