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Abstract | Sumba Ongole (SO) cattle are a local breed found exclusively on Sumba Island, East Nusa Tenggara 
Province, Indonesia. Artificial insemination (AI) failure in SO cattle is often not caused by the technology itself, 
but by one frequently overlooked factor: Body condition score (BCS). This research aimed to determine the effect 
of BCS on the success rate of AI in SO cattle at smallholder farms in East Sumba Regency. The study employed 
a randomized block design with three BCS category groups: low (≤2.50), moderate (2.75-3.00), and high (≥3.25), 
with each group containing 30 experimental units. The results showed that BCS had a significant effect (p<0.05) on 
AI success. The BCS group of 2.75–3.00 demonstrated the best AI success rate, with values for Non-Return Rate-
1 (NRR-1): 63.33%, NRR-2: 50.00%, Conception Rate (CR): 50.00%, and Services per Conception (S/C): 1.27. 
This was followed by the BCS ≥3.25 group with NRR-1 (46.67%), NRR-2 (33.33%), CR (33.33%), and S/C (1.40). 
The BCS ≤2.50 group showed the lowest AI success, with NRR-1 (23.33%), NRR-2 (16.67%), CR (13.33%), and 
S/C (2.33). BCS significantly affected the success of AI in SO cattle, with the ideal range of 2.75–3.00 serving as 
a practical benchmark for AI implementation. These findings provide practical implications for livestock extension 
officers and farmers, emphasizing that proper BCS monitoring and good feed management should be implemented in 
AI programs to improve the reproductive efficiency of SO cattle.
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INTRODUCTION

Global livestock production has advanced over the last 
two decades (Morotti et al., 2025), to support food 

security and provide highly nutritious products (Davis and 
White, 2020). Indonesia, as the country with the second-
greatest biodiversity in the world, possesses a diversity of 
local native cattle breeds (Widyas et al., 2022). One local 
cattle breed of strategic importance is the Sumba Ongole 

(SO) cattle, which has long been developed in the East 
Nusa Tenggara region, with its distribution confined solely 
to Sumba Island (Kaka et al., 2025a). SO cattle, as a local 
breed, serve as a source of animal protein, a driver of the local 
economy, and a part of the cultural identity of the Sumba 
people (Ina and Kaka, 2020; Lodu et al., 2021; Mila et al., 
2022; Kaka and Ina, 2021; Awa et al., 2022). Furthermore, 
as a native breed, it possesses a high adaptive ability to its 
environment (Tariku et al., 2024; Kaka et al., 2025b).
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On one hand, the commercialization and dominance of 
imported cattle continue to increase annually, making 
the preservation and utilization of local cattle such as SO 
an urgency from both a scientific and a sustainable local 
livestock perspective. On the other hand, small-scale 
farmers play a crucial role in the beef cattle industry, as 
more than 90% of Indonesia’s cattle population comes 
from smallholder farming systems (Hilmiati et al., 2024). 
However, traditional management practices in these farms 
often hinder the maintenance of optimal body condition 
in cattle (Rifa’i et al., 2024). Therefore, the development of 
technology-based reproduction programs, such as Artificial 
insemination (AI), is a primary strategy for enhancing the 
population and genetic quality of local cattle (Fitriana et 
al., 2025; Zuidema et al., 2021). One of the challenges in 
implementing AI in SO cattle under dryland ecosystem 
and smallholder farming systems is the wide variation in 
body condition score (BCS), which largely depends on the 
availability of nutritional intake according to the season 
and management practices. The assessment of the dam’s 
nutritional status in AI programs, particularly in the field 
and smallholder farms, can be carried out visually through 
BCS using a 1–5 scale (Vall et al., 2025). Meanwhile, 
according to Pryce et al. (2001), BCS can be used as a 
management and selection tool to improve reproductive 
performance.

Variation in BCS can affect reproduction, leading to 
conditions such as anovulation, silent heat, and decreased 
oocyte quality (Crowe et al., 2018). The body condition of 
cattle influences various physiological aspects, and animals 
with good body condition have a more optimal metabolic 
capacity to support reproductive function (Surjowardojo 
et al., 2023). Meanwhile, cows with an ideal BCS have 
more regular and easily detectable estrous cycles, better 
hormonal responses, and optimal oocyte quality and 
uterine environment for fertilization. Although the effects 
of BCS have been widely studied in Bos taurus cattle (Luz 
et al., 2018; Manríquez et al., 2021; Poczynek et al., 2023), 
scientific data on Bos indicus-type indigenous cattle such as 
SO remain very limited.

To date, no published studies have specifically examined 
the relationship between body condition score and AI 
success in SO cattle reared under smallholder dryland 
conditions. This research gap is important to address, as 
BCS is a simple, low-cost, and practical parameter that can 
guide reproductive management and improve AI success 
under limited-resource settings. In physiological terms, the 
relationship between BCS and reproductive performance 
is mediated through the energy balance endocrine axis 
(Chaves et al., 2024). An imbalance in energy metabolism 
can disrupt the function of the hypothalamic, pituitary, 
gonadal axis, leading to decreased gonadotropin secretion 
and impaired follicular development, ultimately delaying 

ovulation (Herdis et al., 2025). Thus, maintaining cows 
within an optimal BCS range ensures a balanced metabolic 
and hormonal state that supports reproductive success in 
AI programs. Therefore, this research aims to analyze the 
effect of BCS on the success of AI in SO cattle using NRR, 
CR, and S/C as indicators. The results of this study are 
expected not only to provide scientific contributions but 
also to strengthen the genetic conservation of Indonesia’s 
unique and dryland-adaptive indigenous cattle.

MATERIALS AND METHODS

Study period and location 
This research was conducted in the operational area of 
the Department of Livestock in East Sumba Regency, 
East Nusa Tenggara Province, specifically focusing on 
smallholder farms that regularly implement AI programs. 
The location was selected based on the high population 
of SO cattle, intensive management practices, and active 
farmer participation in AI programs. Data collection 
was carried out over six months, from September 2024 
to February 2025, to comprehensively cover reproductive 
cycles and enable observation of pregnancy parameters.

Experimental design
This study employed a randomized block design (RBD) 
with three categories of BCS: low (≤2.50), moderate (2.75–
3.00), and high (≥3.25), each consisting of 30 cows. A total 
of 90 female cows were evaluated simultaneously before AI 
through visual observation and palpation of the back, ribs, 
and tail head based on a 1–5 scoring scale. The cows were 
then classified into BCS categories, and randomization 
was conducted using a random number table to assign 
animals to each treatment group.

Potential confounding factors included differences in 
management and feeding among farms, variations in age 
and parity, environmental conditions, subjectivity in BCS 
assessment, and technical factors related to insemination. 
To minimize these effects, farms of origin were treated as 
blocks, and cows with relatively uniform age and parity 
were selected. BCS assessments were performed by a 
single trained evaluator, and inseminations were carried 
out by the same technician using semen from the same 
bull with high motility. All cows were examined to ensure 
reproductive health, and the experiment was conducted 
during a relatively stable environmental period.

Population, sample and acceptor criteria
The research population consisted of all adult female SO 
cattle in the region meeting the selection criteria: having 
calved at least once, being clinically healthy, non-pregnant 
at the start of observation, and possessing a normal 
reproductive history. From this population, a sample of 90 
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cattle was selected via purposive sampling. Nevertheless, the 
relatively small sample size was due to the limited livestock 
ownership and suboptimal environmental conditions in 
smallholder farming systems. For cows subjected to AI, 
evaluation of NRR-1 and NRR-2 was conducted, coded 
as 0 for cows returning to estrus and 1 for confirmed 
pregnancy (no return to estrus post-AI) on days 21 and 42, 
respectively. Rectal palpation was performed on days 35–
40 post-AI to confirm pregnancy. BCS was assessed using 
a standard 1–5 scale with 0.25 intervals, where a score of 1 
indicated severe emaciation and a score 5 indicated obesity, 
following the valuation standard of Vall et al. (2025).

Recipient cows were selected and administered a 
synchronization treatment using Syncromate hormone. 
Estrus signs were observed from day 1 to day 7, with 
criteria including reddening of the vulvar labia minora, 
vulvar swelling, warmth, and the presence of mucus. 
The interval between PGF₂α injection and AI was on 
average day 4, although it could vary depending on each 
cow’s hormonal response. AI was performed twice daily 
(morning and evening) as a standard procedure to ensure 
the correct ovulation period post-estrus.

Cows were required to be over two years old or have a 
parity of 1–4 (Yekti et al., 2023). Artificial insemination 
was performed by four certified AI technicians with over 
one year of experience. Liquid semen was sourced from 
SO bulls selected according to the Indonesian National 
Standard (SNI) No. RSNI4 7651.8:2016, then diluted and 
stored at 3–5°C with an average motility of 50% used for 
insemination and evaluated for quality, including motility 
(%), viability (%), abnormalities (%), total motile sperm, 
intact plasma membrane (%), and intact acrosome cap (%), 
following prior research recommendations (Kaka et al., 
2025a).

Liquid semen production
Liquid semen was produced using a nanoparticle-based 
lontar fruit water-egg yolk extender (Kaka et al., 2025) at 
the Integrated Laboratory of Kristen Wira Wacana Sumba 
University. Semen quality evaluation was conducted using 
a trinocular microscope (multimedia features: 48MP 
image pixel resolution with HDMI and USB ports, 2K 
24fps/1080P video recording). Other equipment included 
an artificial vagina, AI gun, 0.25 mL straws, refrigerator, 
cooler box, scissors, plastic forceps, plastic gloves, lubricating 
jelly, pH meter, and thermometer

Estrus synchronization and artificial 
insemination
Estrus synchronization was performed using syncromate 
hormone (Bremer Pharma GmbH, Warburg, Germany) 
containing 0.250 mg cloprostenol (a synthetic analog 

of prostaglandin F2α, PGF2α), administered via 
intramuscular injection at a dose of 2 mL/head according 
to the manufacturer’s specified concentration (registered 
with the Indonesian Ministry of Agriculture No. I. 
17025239 PKC). Estrus detection was conducted for 
7 days post-administration. Farmers received training 
sessions to enhance estrus identification skills, and the 
research team collaborated with farmers to ensure proper 
AI implementation. Cows exhibiting estrus were evaluated 
based on vulvar temperature, vulvar color, and cervical 
mucus pH. Artificial insemination was performed twice 
(morning and evening) using treatment-specific semen 
deposited beyond the fourth cervical ring.

Pregnancy evaluation and data coding
Insemination success was assessed through a two-stage 
evaluation: (1) Non-return rate-1: Cows not exhibiting 
return to estrus between days 19–21 post-AI were 
considered non-returned and potentially pregnant; (2) 
Non-return rate-2: A follow-up evaluation on days 39–
42 to confirm the absence of estrus return. Conception 
rate and service per conception were confirmed via rectal 
palpation by an experienced veterinarian days 90 post-AI. 
Cows diagnosed as pregnant were coded ‘1’, while non-
pregnant cows were coded ‘0’.

Data collection
The reproductive success parameters observed in this 
study included: (1) Non-Return Rate 1 (NRR-1) and 
Non-Return Rate 2 (NRR-2): The percentage of cows 
that did not return to estrus after AI on days 19–21 and 
39–42, respectively, used as early indicators of AI success 
(Susilawati et al., 2023); (2) conception rate (CR): The 
percentage of cows that became pregnant following the 
first insemination (Yekti et al., 2023); (3) Service per 
conception (S/C): The number of inseminations required 
for a cow to conceive. A lower S/C value indicates higher 
AI efficiency (Setiawan, 2018).

Data analysis
Data on the effect of BCS on NRR-1, NRR-2, CR, and 
S/C were analyzed using a randomized block design. If 
significant differences were observed between treatments, 
the analysis was continued with Duncan’s test. Meanwhile, 
the relationship between BCS and NRR-1, NRR-2, and 
CR was analyzed using the Chi-square test. All data were 
processed using the Statistical Package for the Social 
Sciences (SPSS) software, version 29 for Windows.

RESULTS

The success of AI programs in livestock is determined not 
only by the technology employed but is also significantly 
influenced by the physiological condition of the dam, as 
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reflected through BCS. BCS serves as an indicator of 
nutritional status and plays a crucial role in determining 
reproductive efficiency, particularly in local cattle such as 
SO. In this study, SO cows were categorized into three 
BCS groups (Figure 1). Subsequent observations included 
monitoring estrus signs, measuring vaginal temperature, 
and assessing cervical mucus pH (Figure 2).

Figure 1: (A) Body condition score ≤ 2.50; (B) Body 
condition score 2.75–3.00; (C) Body condition score ≥ 
3.25). 

Figure 2: Evaluation of Estrus Quality in Sumba Ongole 
Cattle

Statistical analysis results indicated that BCS had a 
significant effect (p<0.05) on AI success (NRR, CR, and 
S/C). Based on the results, SO cattle with low BCS showed 
the lowest AI success rates, with many animals returning to 
estrus or failing to conceive, resulting in a higher number 
of S/C. In contrast, cows with medium BCS exhibited 
the best reproductive performance, emphasizing that 
optimal body condition strongly supports reproductive 
efficiency. Meanwhile, cattle with high BCS showed 
intermediate outcomes, with moderate AI success rates 
and a corresponding number of services per conception 
(Table 1 and Figure 3 compare NRR-1, NRR-2, and CR):

Duncan’s test was conducted to identify differences among 
BCS groups. The test revealed that the cattle group with 

medium BCS yielded significantly better (p<0.05) NRR, 
CR, and S/C values compared to the low BCS group. 
However, no significant difference (p>0.05) was found 
between the medium BCS and high BCS groups regarding 
NRR, CR, and S/C values. Numerically, cattle with low 
BCS exhibited the lowest reproductive performance. This 
indicates that thin/emaciated body condition can adversely 
affect AI success. Conversely, the best performance was 
demonstrated by the medium BCS group, confirming that 
optimal body condition supports AI success. Meanwhile, 
the high BCS group numerically showed a declining 
performance reproduction, compared to the BCS medium 
group. This decline is presumably due to the negative 
impact of excess body fat on metabolism and hormonal 
function.
 

Figure 3: Comparison of artificial insemination success.

Figure 3, depicting the percentage distribution of success 
rates across BCS groups, reinforces the finding that SO 
cattle with medium BCS consistently demonstrated the 
highest success rates compared to the other two groups. 
This pattern illustrates that physiologically optimal BCS 
can support endocrine activity, follicular development, 
ovulation, and embryo implantation. Meanwhile, the 
high BCS group also exhibited a declining trend in 
NRR-2 values. This is likely attributed to excessive 
body fat accumulation, which may disrupt hormonal

Table 1: Effect of BCS on the success of artificial insemination.
No Number of 

cows (head)
Mean BCS (Scale 
1-5)

Mean±standard deviation
NRR-1 (%) NRR-2 (%) CR (%) S/C

1. 30 ≤2.50 23.33±0.43b 16.67±0.38b 13.33±0.35b 2.33±0.80b

2. 30 2.75-3.00 63.33±0.49a 50.00±0.51a 50.00±0.51a 1.27±0.68a

3. 30 ≥3.25 46.67±0.5ab 33.33±0.48ab 33.33±0.48ab 1.40±0.85a

a,b Different superscripts in the same column showed significant differences (p < 0.05).
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balance, impair ovarian function, and reduce sensitivity 
to insemination stimuli. Conversely, cattle with low BCS 
showed a significant decline in all AI success parameters. 
Only 16.67% achieved CR, with the majority returning 
to estrus, indicating that inadequate energy reserves may 
adversely affect ovulation quality and uterine readiness to 
support implantation.

Statistical analysis using the Chi-Square (χ²) test was 
conducted to determine the relationship between BCS as 
the independent variable and several AI success indicators 
as dependent variables, namely NRR-1, NRR-2 and CR. 
The statistical test results revealed a statistically significant 
association between BCS categories and all three AI 
success parameters. This is indicated by p-values smaller 
than the significance level α = 0.05 for all variables (Table 
2). 

Table 2: Association between body condition score and 
the success of artificial insemination.
Variable Chi-Square (χ²) df p-value
BCS*NRR-1 8.153 2 0.017
BCS*NRR-2 6.944 2 0.031
BCS*CR 7.479 2 0.024

Collectively, these results reinforce that BCS is a critical 
factor in supporting the success of AI, particularly in 
recipient selection. Therefore, maintaining BCS within 
the ideal range is essential for enhancing reproductive 
efficiency and improving the success rate of AI programs 
at both field and smallholder farm levels.

DISCUSSION

Sumba Ongole cattle with a low BCS exhibited a very 
low AI success rate. According to Pryce et al. (2001), 
BCS is closely associated with energy balance changes. 
The energy deficit occurring in thin body conditions 
impairs hormonal balance, particularly through increased 
cortisol levels that suppress the release of gonadotropin-
releasing hormone (GnRH). Consequently, this disruption 
can lead to impaired estrous cycles, reduced ovulation 
quality, and ultimately pregnancy failure (Hassanein et al., 
2024). Meanwhile, the decline in GnRH directly reduces 
luteinizing hormone (LH) secretion, thereby disrupting 
follicular development and ovulation (Randall et al., 2015; 
Mugwabana et al., 2018).

The research found that the group of cattle with a low BCS 
experienced undetected estrus and anovulatory estrus. This 
resulted in low NRR and CR scores, as reflected in the 
research results where the low BCS group achieved only a 
13.33% CR and the highest S/C value of 2.33. Therefore, 
low BCS serves as a primary indicator of metabolic and 

hormonal disruptions that impair reproductive efficiency. 
The high BCS group also demonstrated reduced AI 
success compared to the optimal BCS group. Excessive 
body fat accumulation may increase estrogen production 
from adipose tissue, which disrupts hormonal feedback 
mechanisms, particularly for GnRH and LH (Nasution 
et al., 2021). Consequently, cattle with high BCS tend 
to experience ovulatory disorders, impaired luteinization, 
and even insulin resistance that negatively impacts ovarian 
function. 

Females with either excessive or insufficient fat and muscle 
reserves show disrupted estrous cycles, weaker estrus 
signs, lower ovulation rates, increased risk of embryonic 
loss, prolonged postpartum anestrus, and overall reduced 
fertility due to decreased conception and survival rates, 
ultimately affecting productivity (Cox et al., 2019). This 
is evidenced in the present study’s results, where the high 
BCS group achieved only a 33.33% CR and 1.40 S/C. 
Thus, excess body fat can cause ovarian dysfunction and 
reduce reproductive sensitivity to hormonal stimuli in AI.

Sumba Ongole cattle with a medium BCS exhibited 
ideal conditions supporting AI success. Body conditions 
within this BCS range demonstrate a balance between 
energy reserves and reproductive metabolism. According 
to Luridiana et al. (2015a, 2025b), good BCS indicates 
enhanced reproductive performance compared to cattle 
with lower BCS values. Estrous cycles are more regular, 
oocyte quality is improved, and response to insemination 
is optimal. This aligns with reports that hormonal balance 
involving GnRH, LH, FSH, and progesterone remains 
within physiological ranges supporting ovulation and 
implantation (Pereira et al., 2018; Kgari et al., 2021). 
In this study, the medium BCS group achieved the 
highest CR: 50% and lowest S/C: 1.27), reflecting peak 
reproductive efficiency. Therefore, maintaining BCS within 
this ideal range represents a critical target for reproductive 
management of local SO cattle.

Fluctuations in BCS in Sumba’s dry climate, driven by 
seasonal changes and feed availability, underscore the 
need for focused nutritional management to keep cattle 
in optimal condition and support successful reproduction. 
These results confirm that cattle with suboptimal body 
conditions whether underweight or overweight are at 
higher risk of reproductive disorders and metabolic 
diseases (González-Maldonado et al., 2021; Nasution et al., 
2021). Even without hormonal analysis, the relationship 
between BCS and reproductive success in SO cattle can 
be physiologically explained. BCS reflects energy status, 
which influences the balance of reproductive hormones 
such as GnRH, LH, and progesterone, all critical for 
estrous cyclicity, ovulation, and implantation. Cattle with 
optimal BCS possess a hormonal milieu and oocyte quality 
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conducive to pregnancy success. Thus, these findings 
remain relevant and are supported by a robust reproductive 
physiological basis.

Moreover, these findings provide a practical basis 
for extension programs, highlighting the importance 
of monitoring BCS to guide targeted nutritional 
interventions, enhance fertility, and implement strategies 
for conserving the genetics of SO cattle to ensure both 
reproductive performance and long-term population 
sustainability. This aligns with previous research indicating 
that an ideal BCS range optimally supports reproductive 
processes such as ovulation and embryo implantation 
(Armelia et al., 2019; Bo et al., 2025). Further reinforcing 
these findings, nutritional management utilizing BCS as 
a benchmark can reduce fertility issues, strengthening the 
link between energy balance and reproductive performance 
(Lemes et al., 2017). Meanwhile, cattle with low BCS 
that fail to conceive after the first AI require nutritional 
intervention to improve CR in subsequent inseminations 
(Setiaji et al., 2023).

Several other factors also influence the success of AI, 
including fertility, inseminator skill, accuracy of estrus 
detection, timing of insemination, sperm number and 
dose, as well as semen ejaculate quality (Musriati et al., 
2024). In addition, age, parity, changes in BCS after AI, 
estrus expression, sire, and calving month also play a role 
(Da Silva et al., 2024). Meanwhile, according to Hess et al. 
(2005), reproductive performance is strongly influenced by 
the dam’s nutritional status.

CONCLUSIONS

Body condition score is a key factor determining the 
success of AI in SO cattle. The BCS range of 2.75–3.00 
has been proven to be the ideal condition, thus serving as 
an important benchmark in reproductive management to 
enhance AI success in Indonesian local cattle, particularly 
SO cattle. Maintaining BCS within this optimal range not 
only improves conception rates but also enhances the cost-
efficiency of AI programs and reduces the need for repeat 
inseminations, thereby increasing overall herd productivity. 
Further studies are recommended to involve larger sample 
sizes and explore hormonal, nutritional, and husbandry 
management aspects to deepen the understanding of the 
relationship between BCS and AI success in SO cattle.
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