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Abstract | Reproductive efficiency plays a crucial role in determining productivity in cattle production systems,
particularly in indigenous breeds such as Bali cattle. Estrus synchronization protocols are commonly applied to
improve reproductive management and enhance the accuracy of artificial insemination (Al). This study compared
the effectiveness of two synchronization protocols, Short-Synch and Heat-Synch, in Bali cows by evaluating estrus
response, estrus intensity, reproductive tract characteristics, and reproductive performance. Sixteen Bali cows were
divided evenly into two groups: Short-Synch (n = 8) and Heat-Synch (n = 8). The Short-Synch protocol consisted
of PGF;a administration on Day 0, GnRH on Day 2, and timed Al (TAI) on Day 3, whereas Heat-Synch involved
GnRH on Day 0, PGF,a on Day 7, estradiol cypionate (ECP) on Day 8, and TAI on Day 9. Observed parameters
included estrus expression, cervix, uterus, follicle and corpus luteum diameters, services per conception (S/C), days
open, and the calving—first insemination interval. Both protocols resulted in a 100% estrus response, indicating equal
effectiveness in inducing estrus. Estrus intensity was slightly higher in the Heat-Synch group, though not significantly
different. While most reproductive tract measurements showed no variation between treatments, corpus luteum
diameter was significantly larger in cows receiving Heat-Synch (p < 0.05), suggesting improved luteal development.
Despite this physiological difterence, S/C, days open, and calving—first insemination interval did not differ significantly
between groups. Overall, the results demonstrate that Short-Synch and Heat-Synch yield comparable reproductive
outcomes in Bali cattle, allowing protocol selection to be guided by practical considerations such as duration, hormone
use, and desired estrus expression.
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INTRODUCTION

progress, and increasing overall herd productivity. One of
the most widely adopted reproductive technologies to

Reproductive efficiency plays a crucial role in the
sustainability and productivity of cattle production
systems. The ability to manage and optimize reproductive
events, particularly estrus expression and conception, is
essential for improving calving intervals, enhancing genetic

support these goals is estrus synchronization, which allows
for controlled breeding and improves the precision of
artificial insemination (Al) programs (Rivero ez a/., 2021;
Sharifuzzaman ez al., 2024). Synchronization protocols
are designed to manipulate the estrous cycle through
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exogenous hormonal administration, enabling producers
to increase reproductive efficiency while reducing labor
and variability associated with natural estrus detection.

GnRH- and prostaglandin-based protocols, such as
Ovsynch and its derivatives, have been extensively used to
synchronize follicular waves and ensure timely ovulation
(Omar ez al., 2025). However, variations in estrus intensity,
ovulatory response, and ultimate fertility outcomes have
driven interest in alternative protocols that incorporate
estradiol compounds to enhance behavioral estrus
expression. The Heat-Synch protocol, which combines
GnRH, PGF,a, and estradiol cypionate (ECP), has
demonstrated the ability to improve observable estrus signs
and potentially enhance insemination timing accuracy
(Santos ez al.,2025). In contrast, simplified PGF,0-GnRH
combinations, such as the Short-Synch protocol, focus on
strategic synchronization of luteolysis and ovulation while
maintaining fewer hormonal interventions and shorter
treatment duration (Cox ez al., 2025).

The effectiveness of these protocols can vary depending on
breed, physiological status, management conditions, and
expression of estrus behavior. This is particularly relevant
for Bali cattle (Bos javanicus), an indigenous Indonesian
breed known for its adaptability, disease resistance, and
importance in smallholder farming systems, but which
often exhibits suboptimal reproductive performance under
traditional management (Adam ez a/., 2025). Observable
estrus signs such as standing heat, mucus discharge, and
mounting activity remain critical indicators for optimal
insemination timing, especially in systems relying on visual
estrus detection (Hariyono ez a/., 2025). Differences in
follicular development, corpus luteum function, and uterine
tone between synchronization protocols may also influence
tertility outcomes, including services per conception, days
open, and the interval from calving to first insemination

(Reineri ef al., 2023).

Comparative studies evaluating short-synch and heat-
synch protocols remain limited, particularly under field
conditions and in indigenous breeds such as Bali cattle
with varying reproductive histories. Understanding how
these protocols influence estrus expression, reproductive
tract characteristics, and fertility indicators in Bali cattle
can support more precise recommendations for improving
reproductive efficiency in this locally important genetic
resource (Ermawati ez al., 2024).

Therefore, the objective of this study was to compare the
short-synch and heat-synch protocols in Bali cattle by
evaluating estrus response, estrus intensity, reproductive
tract measurements, and key reproductive performance
indicators. The findings from this research are expected
to contribute to the selection of effective and practical

synchronization strategies that support improved
reproductive management in Bali cattle and, more broadly,
in tropical cattle production systems (Hassanein ez a/,
2024).

MATERIALS AND METHODS

ETHICAL APPROVAL AND EXPERIMENTAL DESIGN

This study involved a total of 16 Bali cows were used in
this experiment and assigned into two treatment groups:
Short-Synch (T1, n = 8) and Heat-Synch (T2, n = 8). All
cows were clinically healthy, with normal reproductive
status, regular estrus cycles (18-24 days), at least one
previous calving, and free from reproductive disorders.
Body Condition Score (BCS) ranged from 2.5 to 3.5 (scale
1-5). Reproductive tract status (uterus, cervix, ovaries) was
confirmed through rectal palpation. Cows were maintained
in a free-stall housing system and were fed chopped forage
at 10% of body weight twice daily supplemented with
concentrate at 1% of body weight (Zhang ez a/.,2024). All
experimental procedures complied with ethical standards
and were approved by the Ethics Committee of the Faculty
of Animal Science, Hasanuddin University, under approval
number 11/UN4.12/EC/V/2025.

SYNCHRONIZATION TREATMENTS

Two estrus synchronization protocols were applied in
this study, namely Short-Synch (T1) and Heat-Synch
(T2), as illustrated in Figure 1. The Short-Synch protocol
was initiated with an intramuscular administration of
prostaglandin F,a (PGF,0) on Day 0. This was followed
by an intramuscular injection of gonadotropin-releasing
hormone (GnRH) on Day 2, and timed artificial
insemination (TAI) was performed on Day 3. The Heat-
Synchprotocol began with an intramuscular injection of
GnRH on Day 0. On Day 7, cows received PGF,a to
induce luteolysis, followed by an estradiol cypionate (ECP)
injection on Day 8 to enhance estrus expression. Timed
artificial insemination was subsequently performed on Day
9 (Bihon and Assefa, 2021).
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Figure 1: Illustration of the short-synch (upper line) and
heat-synch (lower line) estrus synchronization protocols
applied in this study, showing the sequence and timing
of hormonal treatments and timed artificial insemination

(TAI).

Estrus detection for both synchronization methods was
conducted twice dailybased onbehavioral and physical signs,
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including standing heat, mounting activity, vulvar swelling,
and mucus discharge. All hormonal administrations and
insemination procedures were carried out by trained and
experienced technicians following established reproductive
management guidelines (Mansur ez a/., 2025).

ESTRUS OBSERVATION

Estrus detection was performed twice daily, in the
morning and evening, following the completion of
each synchronization protocol. Cows were observed
for behavioral and physical signs indicative of estrus,
including standing heat, mounting and allowing to be
mounted, restlessness, vulvar swelling, and the presence
of clear cervical mucus, which were used as observational
criteria to determine estrus response and estrus intensity
rather than being recorded as individual outcome variables.
Estrus response was recorded as positive when one or more
characteristic signs were present. Estrus intensity was
evaluated using a three-point scoring system, where a score
of 1 indicated mild estrus, 2 indicated moderate estrus, and
3 represented strong estrus expression. All observations
were conducted by trained personnel with experience in
estrus detection to ensure consistency and accuracy (Gaude

et al.,2021).

REPRODUCTIVE TRACT EXAMINATION

Reproductive tract examinations were conducted to evaluate
uterine and ovarian characteristics associated with the
estrus response and reproductive performance of the cows.
Examinations were performed through rectal palpation by
experienced technicians following standard reproductive
assessment procedures. Measurements included the
diameter of the cervix, uterus, dominant follicle, and corpus
luteum, recorded in centimeters. These measurements were
intended to allow comparative evaluation of reproductive
tract status between synchronization protocols rather than
to assess individual pre- and post-treatment changes. These
evaluations were carried out during the peri-estrus period
or at the time closest to insemination to ensure accurate
assessment of reproductive status (Yusuf ez a/., 2024).

The cervix and uterus were palpated to determine tone,
size, and diameter as indicators of estrus readiness
during the peri-estrus period and used for descriptive
comparison between treatments. Ovarian structures were
examined to identify and measure dominant follicles and
corpus luteum formation, which provided information
on follicular development and ovulation status based on
the presence and size of ovarian structures at the time of
examination rather than direct confirmation of ovulation.
Although rectal palpation was used, all reproductive tract
parameters were quantitatively recorded and expressed as
numerical values for subsequent statistical comparison. All
measurements were obtained carefully to avoid excessive

manipulation of reproductive organs, and each parameter
was recorded immediately after examination to ensure data
accuracy and traceability (Demont ez a/., 2025).

REPRODUCTIVE PERFORMANCE EVALUATION

Reproductive performance was assessed to determine
the effectiveness of the Short-Synch and Heat-Synch
protocols in improving fertility outcomes. Several
performance indicators were recorded, including service
per conception (S/C), days open, and the calving—first
insemination interval. These parameters were obtained
from farm reproductive records and confirmed through

p g

direct observation during the study (Murdzeva ez a/., 2025).

Service per conception (S/C) was defined as the number
of insemination attempts required for a cow to achieve
pregnancy. Days open referred to the interval between
calving and the establishment of a successful conception,
while the calving—first insemination interval represented
the number of days from the last calving to the first artificial
insemination performed as part of this study. Pregnancy
diagnosis was conducted through rectal palpation between
45 and 60 days post-insemination to confirm conception

status (Diansyah ez al.,, 2025).

STATISTICAL ANALYSIS

All data obtained from the study were analyzed using
SPSS software (Version 26, IBM Corp., Armonk, NY,
USA). Prior to statistical comparisons, data were tested for
normality using the Shapiro-Wilk test. Variables that met
the assumptions of normal distribution were analyzed using
an unpaired t-test to compare mean differences between
the Short-Synch and Heat-Synch treatment groups. In
cases where the data did not follow a normal distribution,
comparisons were performed using the Mann-Whitney
U test. Categorical variables, such as estrus response
(+/-), were analyzed using a Chi-square test to determine
differences in estrus expression between treatments. All
results were presented as mean * standard deviation (SD),
and statistical significance was established at p < 0.05 (Liu
et al.,2022).

RESULTS

ESTRUS RESPONSE AND ESTRUS INTENSITY OF BALI
CATTLE

Estrus response following synchronization was 100% in
both treatment groups, with all cows in the Short-Synch
(T1) and Heat-Synch (T2) protocols exhibiting signs
of estrus (Table 1). Mean estrus intensity scores were
numerically higher in cows synchronized with the Heat-
Synch protocol (3.0 + 0.00) compared with those in the
Short-Synch group (2.8 + 0.35); however, this difference
was not statistically significant (p = 0.317).
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Table 1: Estrus response and estrus intensity of Bali cattle

synchronized using short-synch and heat-synchprotocols.
Parameter Treatment
Shortsynch  Heatsynch
8 (100%) 8 (100%)

2.8 +0.35 3.0 £ 0.00

Estrus response (+, %)

Estrus intensity (score)
REPRODUCTIVE TRACT MEASUREMENTS OF BALI
CATTLE

Reproductive tract measurements for Bali cattle
synchronized using the Short-Synch and Heat-Synch
protocols are presented in Figure 2. Cervix diameter was
similar between treatments, with T1 averaging 2.00 + 0.44
cm and T2 averaging 2.06 + 0.42 cm. Uterus diameter
also showed minimal variation, with mean values of 1.90
+ 0.49 cm in T1 and 1.87 + 0.44 cm in T2, indicating no
appreciable difference between protocols. Follicle diameter
tended to be slightly larger in cows treated with Heat-
Synch (0.74 £ 0.11 cm) compared with Short-Synch (0.68
+ 0.10 cm), although this difference was not statistically
significant (p > 0.05). In contrast, corpus luteum diameter
differed significantly between treatments, with T'1 showing
a mean of 0.86 + 0.35 cm and T2 showing 1.01 + 0.29 cm
(p < 0.05).

Figure 2: Reproductive tract measurements in Bali cattle
synchronized using the short-synch and heat-synch
protocols.

REPRODUCTIVE PERFORMANCE INDICATORS OF BALI
COWS

Reproductive performance indicators for Bali cattle
synchronized using the Short-Synch (T1) and Heat-
Synch (T2) protocols are shown in Table 2. The number
of services per conception (S/C) was slightly lower in
T1 (1.50 + 0.93) than in T2 (1.75 + 1.04), although this
difference was not statistically significant (p = 0.619). Days
open also tended to be shorter in cows assigned to the
Short-Synch protocol (237.88 + 103.76 days) compared
with those in the Heat-Synchgroup (287.00 + 97.42 days),
but again the difference was not significant (p = 0.346).
Similarly, the calving—first insemination interval was

numerically lower in T1 (215.38 + 114.63 days) than in
T2 (247.25 + 109.83 days), with no significant difference
between treatments (p = 0.579). These results indicate that,
despite minor numerical advantages for Short-Synch, both
synchronization protocols yielded comparable reproductive
performance under the conditions of this study.

Table 2: Reproductive performance indicators of Bali cattle
synchronized using short-synch and heat-synchprotocols.

Parameter Treatment P

Short-synch  Heat-synch value
Service per 1.50 + 0.93 1.75 + 1.04 0.619
conception (S5/C)

Interval from calving 237.88 + 103.76 287.00 = 97.42 0.346
to conception (d)

Interval from calving 215.38 + 114.63 247.25 + 109.83 0.579
to AI (d)

DISCUSSION

This study compared the reproductive performance of
Bali cattle synchronized using two estrus synchronization
protocols, Short-Synch and Heat-Synch, by evaluating
estrus expression, reproductive tract characteristics, and key
reproductive performance indicators. The overall findings
indicate that both protocols were effective in inducing
estrus and supporting acceptable levels of fertility under
field conditions in this indigenous breed.

The 100% estrus response observed in both groups
demonstrates that the hormonal regimens applied in this
study were highly effective in inducing estrus in cyclic
Bali cows. This agrees with previous reports showing that
PGF,0-GnRH-based protocols and estradiol-containing
protocols can reliably synchronize estrus when cows have
functional corpora lutea and regular ovarian cycles (Arya
et al., 2023; Pasha ez al., 2021). The similar estrus response
also suggests that the animals used in the present study
had adequate reproductive status and luteal sensitivity to
prostaglandin.

Although estrus intensity scores were numerically higher in
cows treated with the Heat-Synch protocol, the difference
was not statistically significant. Estradiol cypionate,
included in the Heat-Synch program, is known to
enhance behavioral estrus by stimulating neural pathways
associated with standing heat and mounting behavior
(Sales ez al., 2023). The tendency toward stronger estrus
expression in the Heat-Synch group is therefore consistent
with the known pharmacological effects of estradiol.
However, because this difference did not reach statistical
significance, it suggests that the luteolytic and ovulatory
control achieved by Short-Synch was already sufficient to
produce clear estrus signs in most Bali cattle under the
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present management conditions (Visquez ez a/., 2025).

Reproductive tract measurements showed minimal
differences between Short-Synch and Heat-Synch, with
cervix, uterus, and follicle diameters being comparable
between groups. This indicates that both protocols were able
to establish similar uterine and ovarian conditions at the
time of estrus and insemination in Bali cattle. Interestingly,
corpus luteum diameter was significantly greater in cows
synchronized with the Heat-Synch protocol compared
with those in the Short-Synch group. Larger corpus
luteum size is often associated with higher progesterone
production and improved uterine receptivity (Yu ez al,
2022). It is possible that the estradiol component of Heat-
Synch contributed to more synchronized ovulation or
enhanced luteal development; however, the absence of a
corresponding improvement in fertility outcomes suggests
that this difference in CL size alone was not sufficient to
markedly influence conception rates under the conditions
of this study. Overall, these findings indicate that while
most reproductive anatomical parameters were comparable
between synchronization methods, corpus luteum
development was influenced by the protocol applied
(Przygrodzka et al., 2021).

The reproductive performance indicators services per
conception, days open, and the calving—first insemination
interval did not differ significantly between Short-Synch
and Heat-Synch. Although the Short-Synch group
showed numerically lower values for all three parameters,
these differences were small and not statistically significant.
Similar findings have been reported in other studies where
modifications to synchronization protocols improved
certain physiological or behavioral responses but did not
necessarily translate into higher pregnancy rates (Cardoso
et al., 2021). Fertility in cattle, including Bali cattle, is
inherently multifactorial and can be influenced by oocyte
quality, sperm fertility, insemination timing, nutritional
status, and postpartum uterine health, which may
overshadow modest differences between synchronization
schemes.

The lack of marked differences in fertility outcomes
suggests that both Short-Synch and Heat-Synch are
viable options for estrus synchronization in Bali cattle
with normal reproductive status. Short-Synch has the
advantage of a shorter treatment interval and fewer
hormonal administrations, which may be beneficial
from a management and cost perspective, particularly in
smallholder systems where Bali cattle are commonly raised.
In contrast, Heat-Synch offers the benefit of enhanced
estrus expression due to the inclusion of estradiol, which
may be particularly useful in systems that rely heavily on
visual estrus detection. Nevertheless, regulatory restrictions

on estradiol use in some regions must be considered when
selecting an appropriate protocol for field application

(Ayantoye ez al., 2025).

This study has several limitations that should be
acknowledged. The relatively small sample size limits
the statistical power to detect subtle differences between
protocols. Furthermore, hormonal profiling (e.g.,
circulating progesterone and estradiol concentrations) was
not conducted, which would have provided deeper insight
into the endocrine mechanisms underlying the observed
responses in Bali cattle. Future research involving larger
herds, detailed hormonal monitoring, and the inclusion
of multiple parities and breeds would help to clarify the
conditions under which one protocol may be favored over
the other and to determine whether the present findings
can be generalized beyond Bali cattle (Evan ez a/.,2022).

Short-Synch and Heat-Synch protocols both proved
effective in synchronizing estrus and supporting acceptable
reproductive performance in Bali cattle. While Heat-Synch
was associated with stronger estrus expression and larger
corpus luteum size, these physiological differences did not
result in superior fertility outcomes compared with Short-
Synch. The choice between these protocols may therefore
be guided primarily by practical considerations, including
management preferences, drug availability, regulatory
constraints, and the need for enhanced estrus expression in
specific Bali cattle production systems (Purba ez a/., 2025).

CONCLUSION

This study showed that Short-Synch and Heat-Synch
protocols were equally effective in synchronizing estrus
in cows, with both achieving 100% estrus response and
yielding comparable estrus intensity, reproductive tract
measurements, and reproductive performance indicators.
Although Heat-Synch produced a larger corpus luteum
and slightly higher estrus intensity, these differences did
not result in improved fertility outcomes. Both protocols
can therefore be considered reliable options for estrus
synchronization, and the choice between them may be
based primarily on practical factors such as protocol
duration, ease of application, and regulatory considerations
rather than clear differences in reproductive efficiency.
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This study highlights the practical value of the Short-
Synch protocol in Bali cattle by demonstrating that it pro-
duces reproductive outcomes comparable to those of Heat-
Synch, despite requiring a shorter treatment duration and
tewer hormonal administrations. This finding supports
Short-Synch as a simpler and more efficient synchroniza-
tion option for field application, particularly in production
systems where treatment time, hormone use, and manage-
ment practicality are important considerations.
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