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Abstract | Timing of puberty in beef heifers is a critical determinant of reproductive efficiency and long-term 
herd productivity. However, information regarding the relationship between growth parameters and physiological 
confirmation of puberty in Bali heifers remains limited. This study investigated the association between body weight, 
body condition score (BCS), and pubertal onset in Bali heifers, using plasma progesterone concentration as a 
physiological indicator of ovarian cyclicity. Eleven heifers aged 55 to 89 weeks were monitored for body weight and 
BCS, and progesterone profiles were evaluated in six representative animals using an ELISA method. Progesterone 
concentrations remained below 1 ng per mL throughout most of the observation period and exceeded 1 ng per mL at 
93 weeks of age in one heifer, confirming first ovulation. The heifer that attained puberty had a body weight of 147 kg, 
corresponding to approximately 60% of the estimated mature body weight, whereas animals with moderate BCS but 
lower body weight did not exhibit luteal activity. These findings indicate that body weight is a more reliable predictor 
of pubertal onset than BCS alone and highlight the importance of achieving adequate structural growth to trigger 
reproductive maturation.
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INTRODUCTION

Fertility is a crucial component of livestock management 
because it directly influences productivity and the 

overall efficiency of cow–calf operations (Kertz et al., 
2023; Adam et al., 2025a). In female cattle, fertility refers 
to the ability to conceive and maintain pregnancy, which 
is essential for enhancing production performance and 
ensuring herd sustainability. Optimal fertility begins with 

the attainment of puberty, the stage at which a heifer 
becomes capable of reproduction. For improved production 
efficiency, it is important that puberty occurs at an early age, 
as this enables earlier breeding and increases the number 
of productive reproductive cycles throughout the animals 
lifetime (Mansur et al., 2025; Perry, 2016).

Puberty in cattle is regulated by genetic, nutritional, and 
environmental influences, with body weight and body 
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condition score (BCS) serving as indicators of growth and 
metabolic status. In heifers, growth rate from weaning to 
breeding plays a central role in determining the timing 
of pubertal onset and subsequent reproductive capacity. 
Biological age, body weight, and BCS reflect energy balance 
and nutritional adequacy, which are closely associated with 
ovarian development and the initiation of cyclic activity 
(de Lima et al., 2020). Physiologically, puberty involves 
activation of the hypothalamic–pituitary–ovarian (HPO) 
axis, characterized by increased luteinizing hormone (LH) 
secretion that induces the first ovulation. The subsequent 
formation of a functional corpus luteum results in elevated 
progesterone concentrations, which are widely used as a 
physiological indicator of pubertal attainment in cattle 
(Estill, 2021). Therefore, adequate nutrition during the 
prepubertal period is essential to support proper endocrine 
function, timely ovarian maturation, and optimal age at 
puberty (Hafez and Hafez, 2002; Duittoz and Kenny, 
2023).

Bali cattle (Bos javanicus) represent one of Indonesia’s 
most important indigenous beef genetic resources (Adam 
et al., 2025b). However, under traditional management 
systems, growth performance is often suboptimal, 
potentially delaying the attainment of the critical body 
weight necessary for pubertal onset. Although general 
reproductive performance of Bali cattle has been reported, 
limited information is available regarding the direct 
relationship between body weight, body condition score 
(BCS), and physiological confirmation of puberty under 
field conditions. Therefore, this study aimed to evaluate 
the association between body weight, BCS, and the onset 
of puberty in Bali heifers using plasma progesterone 
concentration as a physiological indicator, in order to 
provide scientific evidence for improving reproductive 
management and enhancing long-term productivity.

MATERIAL AND METHODS

Experimental design and ethical approval
This study utilized a longitudinal observational design with 
repeated measurements to evaluate growth performance 
and pubertal development in Bali heifers. The longitudinal 
approach allowed continuous monitoring of body weight, 
body condition score (BCS), and hormonal changes 
during the prepubertal period. A total of 11 Bali heifers 
aged 55–89 weeks were included in the study. During the 
study, all heifers were fed forage and concentrate twice 
daily, in the morning and afternoon, following routine 
farm management practices. Heifers had ad libitum access 
to drinking water throughout the observation period. 
Body weight and BCS were recorded periodically for all 
animals throughout the observation period. For hormonal 
assessment, six heifers were selected to represent the 

observed age range and developmental variation within 
the group. These animals were subjected to serial blood 
sampling for progesterone analysis to determine pubertal 
status. This study was approved by the Animal Use Ethics 
Committee for Research and Education, Faculty of 
Animal Science, Hasanuddin University (Approval No. 
11/UN4.12/EC/V2025).

Blood sample collection
Blood samples were collected at 10-day intervals via 
jugular venipuncture. Following collection, samples 
were centrifuged at 2,500 × g for 30 minutes to separate 
plasma. The plasma was then stored at −20°C until further 
hormonal analysis (Cooke and Arthington, 2009).

Progesterone concentration analysis
Plasma progesterone (P4) concentrations were determined 
using a commercial ELISA kit (Elabscience®) according to 
the manufacturer’s instructions. Briefly, 50 µL of standards 
and plasma samples were added to the microplate wells, 
followed by 50 µL of biotinylated detection antibody, and 
the plate was incubated at 37°C for 45 minutes. After 
washing to remove unbound components, 100 µL of 
HRP-conjugate solution was added and incubated for 30 
minutes at 37°C. The wells were washed five times before 
adding 90 µL of substrate solution and incubating for 
15 minutes at 37°C. The reaction was stopped by adding 
50 µL of stop solution, and optical density (OD) was 
measured at 450 nm using a BioTek ELx800 microplate 
reader. Progesterone concentrations were calculated based 
on the standard curve generated from the assay standards.

Data analysis
Optical density (OD) values obtained from the ELISA 
assays were converted into progesterone concentrations 
using GraphPad Prism software (version 10) based on the 
standard curve generated for each assay. Pubertal status 
was considered to be attained when plasma progesterone 
concentration exceeded 1 ng/mL, indicating functional 
luteal activity following first ovulation, according to criteria 
commonly used in beef heifers, including Brahman-
crossbred heifers raised under tropical conditions 
(Cooke and Arthington, 2009). Body weight and body 
condition score (BCS) data were analyzed descriptively to 
characterize growth patterns and evaluate their association 
with pubertal status. Growth performance was interpreted 
in reference to previously published data to provide 
contextual comparison.

RESULTS

Progesterone dynamics during the pubertal 
period
Figure 1 presents the progesterone concentration profiles 
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of six Bali heifers monitored during the observation 
period. Progesterone concentrations remained low and 
relatively stable in animals aged 56–85 weeks. A marked 
increase in progesterone concentration was observed in 
one heifer at 93 weeks of age, indicating the occurrence 
of ovulation and luteal activity. The remaining animals did 
not show a sustained elevation in progesterone during the 
study period.

Figure 1: Plasma progesterone (P4) concentration profiles 
of six Bali heifers monitored during the prepubertal period.

The effect of body weight and BCS on puberty 
age
Body weight of the observed heifers ranged from 70 to 
147 kg, with BCS values between 3 and 6 (Figure 2). 
Most heifers had not reached pubertal status during the 
observation period. The heifer that exhibited elevated 
progesterone concentration had a body weight of 147 kg 
and a BCS of 6. In contrast, another heifer with a BCS of 
5 but lower body weight (~120 kg) did not show evidence 
of puberty. 

Figure 2: Relationship between body weight and body 
condition score (BCS) in Bali heifers. The X marker 
represents the pubertal heifer confirmed by plasma 
progesterone concentration > 1 ng/mL, while circular 
markers represent non-pubertal heifers.

Growth pattern of Bali heifers
Body weight increased progressively with age across the 
observation period (Figure 3). At approximately 55 weeks 
of age, body weight ranged between 80 and 100 kg. 
Between 70 and 89 weeks, most heifers exhibited body 
weights between 110 and 140 kg, with one individual 
reaching 147 kg. Considerable variation in body weight 
was observed among heifers of similar ages. Throughout 
the study period, the majority of animals remained below 
150 kg.

Figure 3: Comparison of observed body weight of 
Bali heifers with literature-based growth benchmarks. 
Individual points represent observed body weights, the 
solid line indicates the mean body weight derived from 
literature, and the shaded area represents ± SD. The dashed 
horizontal line denotes approximately 60% of mature body 
weight (150 kg). Literature data were compiled from Hafid 
(2021), Azis et al. (2023), Baliarti et al. (2024), and Sikone 
et al. (2024).

DISCUSSION

The marked increase in progesterone concentration 
observed at 93 weeks of age confirms the establishment of 
luteal activity and indicates the occurrence of first ovulation 
in the respective heifer (Figure 1). In cattle, puberty is 
physiologically defined by the initiation of ovarian cyclicity, 
which is driven by activation of the hypothalamic–
pituitary–ovarian (HPO) axis. The Gonadostat Theory, 
proposed by Ramirez and McCann (1963), posits that 
puberty begins with a decrease in hypothalamic sensitivity 
to the negative feedback effects of estrogen produced by 
the ovaries during the prepubertal period. This reduced 
sensitivity activates the Hypothalamic–Pituitary–Ovarian 
(HPO) axis, leading to increased secretion of reproductive 
hormones, including GnRH, FSH, and LH, at levels 
sufficient to induce ovulation (West et al., 2024). The 
subsequent formation of a functional corpus luteum results 
in sustained progesterone secretion, serving as an objective 
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indicator of pubertal attainment. 

A plasma progesterone concentration exceeding 
approximately 1 ng/mL is generally accepted as evidence 
of functional luteal activity and confirmation of ovulation 
(Haridas et al., 2025). Although a specific progesterone 
threshold has not been established for Bali cattle, this cutoff 
has been applied in Brahman-crossbred heifers under 
tropical conditions (Cooke and Arthington, 2009) and 
was therefore considered appropriate for use in the present 
study. This threshold reflects progesterone production 
sufficient to indicate the presence of a corpus luteum 
rather than transient or basal steroid fluctuations. In the 
present study, progesterone concentrations in most heifers 
remained below this level during the observation period, 
supporting the conclusion that stable ovarian cyclicity had 
not yet been established in those animals.

Minor fluctuations in progesterone concentrations observed 
during the prepubertal period do not necessarily indicate 
luteal activity (Figure 1). When circulating concentrations 
remain below the established luteal threshold, these low 
values are unlikely to reflect functional corpus luteum 
formation. It is possible that such concentrations originate 
from the adrenal gland, which is capable of producing small 
amounts of progesterone and act as a precursor to other 
hormones in the adrenal gland (Cooke and Arthington, 
2009; Kater et al., 2022). Therefore, low progesterone 
concentrations detected prior to confirmed puberty should 
not be interpreted as evidence of ovarian cyclicity.

The relationship between body weight, BCS, and pubertal 
status further highlights the importance of growth in 
reproductive maturation. The heifer that reached puberty 
had the highest body weight within the observed group, 
whereas another heifer with a similar BCS but lower 
body weight did not exhibit luteal activity (Figure 2). This 
observation suggests that body weight was more closely 
associated with pubertal onset than BCS alone.

This finding supports the widely accepted concept that 
attainment of a critical body weight is a primary determinant 
of puberty in cattle (Fantuz et al., 2024). Heifers generally 
achieve puberty when they reach approximately 60% of 
their mature body weight (Kasimanickam et al., 2021). 
Given that mature Bali cattle weigh around 250 kg 
(Baliarti et al., 2021), the pubertal body weight observed in 
this study closely approaches this physiological benchmark. 
In contrast, BCS reflects subcutaneous fat deposition and 
energy reserves but does not necessarily represent overall 
skeletal growth and developmental maturity (Truman et 
al., 2022). Therefore, although adequate body condition is 
important, structural growth and total body mass appear to 
play a more decisive role in triggering the endocrine events 
leading to puberty (Brunes et al., 2022).

The growth pattern observed across the study period 
indicates that most heifers remained below the estimated 
critical body weight even at advanced ages within the 
observation range (Figure 3). Compared with previously 
reported growth data under more proper management 
conditions, the body weights recorded in this population 
were relatively lower at comparable ages. Such differences 
likely reflect variations in nutritional management and 
weaning strategies (Pereira et al., 2017). Insufficient energy 
and protein intake can impair metabolic signaling pathways 
involved in HPO axis activation, thereby delaying ovarian 
maturation and first ovulation (Xiao et al., 2023).

In addition to nutritional adequacy, delayed puberty in the 
present study may also have been influenced by feeding 
management and environmental conditions. Inconsistent 
feeding schedules may reduce nutrient intake continuity 
and limit growth performance (Chai et al., 2024), thereby 
delaying attainment of the critical body weight required for 
puberty (Ojo et al., 2024; West et al., 2024). Environmental 
challenges, particularly heat stress and reduced forage 
availability during the dry season, may also have imposed 
additional constraints on growth and reproductive 
development. These factors may partly explain why 
pubertal onset remained delayed in most heifers observed 
in the present study.

Delayed attainment of the critical body weight extends 
the prepubertal period and may result in increased age 
at first calving. This delay can reduce the total number of 
productive reproductive cycles throughout the animal’s 
lifetime, ultimately lowering reproductive efficiency 
and herd productivity (Atashi et al., 2021; Sartori et al., 
2024). From a management perspective, these findings 
underscore the importance of optimizing early growth 
through improved feeding strategies and timely weaning 
practices (Sartori et al., 2024). Ensuring that heifers 
achieve adequate body weight at an appropriate age is 
essential to support normal endocrine development and to 
enhance the long-term productivity of Bali cattle raised 
under traditional conditions.

This study has several limitations that should be 
acknowledged. Progesterone dynamics were evaluated in 
a subset of heifers representing different developmental 
stages, and hormonal profiles were obtained from 
individual animals rather than from a larger cohort 
followed until confirmed puberty in all subjects. Although 
subsequent progesterone fluctuations in the same heifer 
suggested continued ovarian activity, the present study was 
not specifically designed to confirm the regularity or long-
term stability of estrous cycles. Consequently, variability 
in individual endocrine responses may influence the 
interpretation of pubertal timing. Future research involving 
larger longitudinal cohorts under controlled growth 
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management is warranted to provide more comprehensive 
insight into pubertal progression in Bali heifers. Moreover, 
intervention studies evaluating the integration of 
appropriate hormonal protocols with optimized feeding 
and growth management strategies are needed to develop 
practical approaches for mitigating delayed puberty and 
improving reproductive efficiency. 

CONCLUSION

The present study demonstrates that pubertal onset 
in Bali heifers was confirmed by plasma progesterone 
concentrations exceeding 1 ng per mL, observed at 93 
weeks of age in the heifer that exhibited first ovulation. 
Puberty was more closely associated with body weight 
than body condition score alone, as the heifer reaching 
approximately 147 kg, corresponding to nearly 60% of 
mature body weight, showed evidence of ovarian cyclicity, 
whereas animals with moderate BCS but lower body 
weight did not attain puberty during the observation 
period. These findings indicate that attainment of adequate 
structural growth is a critical determinant of reproductive 
maturation. Optimization of early growth through 
improved nutritional management, combined with 
appropriate reproductive strategies, is essential to enhance 
pubertal timing and improve long-term reproductive 
efficiency in Bali cattle.
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