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ABSTRAK

Transfer embrio (ET) adalah bioteknologi reproduksi canggih yang dipromosikan secara luas
untuk mempercepat peningkatan genetik dan produktivitas sapi perah. Namun, keberhasilan program
ET di sistem peternakan kecil tropis masih belum konsisten karena interaksi faktor biologis,
lingkungan, dan kelembagaan. Studi ini bertujuan untuk mengidentifikasi penentu keberhasilan ET
dengan mengintegrasikan analisis kinerja reproduksi dengan penilaian implementasi kelembagaan
dalam sistem produksi sapi perah tropis. Pendekatan metode campuran digunakan, menggabungkan
analisis kuantitatif dari 200 sapi perah penerima dengan wawancara kualitatif yang melibatkan
petani, teknisi, dan petugas peternakan di Kabupaten Pasuruan, Jawa Timur, Indonesia. Regresi
logistik biner digunakan untuk mengevaluasi pengaruh karakteristik embrio, kondisi penerima, stres
lingkungan, riwayat penyakit, dan pengalaman teknisi terhadap hasil kehamilan. Hasil menunjukkan
bahwa tingkat kehamilan berkisar antara 20 dan 50%, dengan embrio segar mencapai keberhasilan
yang lebih tinggi daripada embrio beku. Analisis regresi logistik menunjukkan bahwa pengalaman
teknisi secara signifikan meningkatkan probabilitas kehamilan (OR = 1,236; p < 0,05), menyoroti
peran penting kapasitas teknis dalam implementasi ET. Faktor-faktor lain, seperti kualitas embrio,
skor kondisi tubuh, paritas, dan stres panas, menunjukkan pengaruh yang bervariasi tetapi secara
statistik tidak signifikan. Temuan kualitatif lebih lanjut mengungkapkan bahwa keterbatasan sumber
daya manusia teknis, sistem pemantauan yang tidak konsisten, dan koordinasi kelembagaan yang
lemah membatasi efektivitas program. Temuan ini menunjukkan bahwa keberhasilan ET dalam
sistem peternakan sapi perah tropis dibentuk tidak hanya oleh biologi reproduksi tetapi juga oleh
kondisi kelembagaan dan manajerial. Penguatan kapasitas teknis, peningkatan manajemen
reproduksi, dan integrasi program ET ke dalam sistem inovasi ternak regional sangat penting untuk
meningkatkan efektivitas dan keberlanjutan bioteknologi reproduksi di sektor peternakan sapi perah
yang sedang berkembang.

Kata kunci: transfer embrio; bioteknologi reproduksi; tingkat kehamilan; sapi perah; regresi
logistik; sistem peternakan tropis; sistem inovasi pertanian.

ABSTRACT

Embryo transfer (ET) is an advanced reproductive biotechnology widely promoted to
accelerate genetic improvement and productivity of dairy cattle. However, the success of ET
programs in tropical smallholder systems remains inconsistent due to the interaction of biological,
environmental, and institutional factors. This study aimed to identify the determinants of ET success
by integrating reproductive performance analysis with institutional implementation assessment in
tropical dairy production systems. A mixed-methods approach was used, combining quantitative
analysis of 200 recipient dairy cows with qualitative interviews involving farmers, technicians, and
livestock officials in Pasuruan Regency, East Java, Indonesia. Binary logistic regression was
employed to evaluate the influence of embryo characteristics, recipient conditions, environmental
stress, disease history, and technician experience on pregnancy outcomes. The results showed that
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pregnancy rates ranged between 20 and 50%, with fresh embryos achieving higher success than
frozen embryos. Logistic regression analysis indicated that technician experience significantly
increased the probability of pregnancy (OR = 1.236; p < 0.05), highlighting the critical role of
technical capacity in ET implementation. Other factors, such as embryo quality, body condition
score, parity, and heat stress, showed variable but statistically nonsignificant effects. Qualitative
findings further revealed that limited technical human resources, inconsistent monitoring systems,
and weak institutional coordination constrained program effectiveness. These findings demonstrate
that ET success in tropical dairy systems is shaped not only by reproductive biology but also by
institutional and managerial conditions. Strengthening technical capacity, improving reproductive
management, and integrating ET programs into regional livestock innovation systems are essential
to enhance the effectiveness and sustainability of reproductive biotechnology in developing dairy
sectors.

Keywords:  embryo transfer; reproductive biotechnology; pregnancy rate; dairy cattle; logistic
regression; tropical livestock systems; agricultural innovation systems.

I. INTRODUCTION

Increasing demand for animal-derived protein in many developing countries has
intensified the need to improve livestock productivity and genetic quality to support
sustainable food systems (Jenkins et al., 2024; Wu et al., 2014). The livestock sector,
particularly dairy and beef cattle production, plays a strategic role in ensuring food security,
improving rural livelihoods, and supporting national economic development (Bardhan,
2024; Khade et al., 2021). In Indonesia, cattle production remains an important component
of agricultural development, contributing to both national protein supply and rural income
generation (Rahmatillah et al., 2024; Marlina et al., 2024; Adesogan et al., 2026). East Java
Province is one of the main centers of cattle production in Indonesia, particularly for dairy
cattle, with a significant contribution to national milk production and livestock population
(Asmara et al., 2025). Nevertheless, efforts to increase livestock productivity continue to
face structural and technical constraints, particularly related to genetic quality, reproductive
efficiency, and farm management systems (Agus et al., 2018).

One of the technological strategies widely promoted to accelerate genetic
improvement in cattle is the application of advanced reproductive biotechnology,
particularly embryo transfer (ET). Embryo transfer enables the multiplication of superior
genetic resources by transferring high-quality embryos from genetically superior donor cows
to recipient females, thereby accelerating genetic progress compared with conventional
breeding methods (Ferraz et al., 2016; Bangert & Wheeler, 2025). In addition to improving
genetic quality, ET is increasingly recognized as a strategic technological innovation capable
of supporting livestock productivity, enhancing breeding efficiency, and strengthening the
resilience of livestock production systems (Contreras et al., 2021; Mueller & Van
Eenennaam, 2022; Yadav et al., 2025).

Despite its substantial potential, the implementation of embryo transfer technology in
many developing regions has not always achieved optimal results. The success of ET
programs is strongly influenced by multiple biological and environmental factors, including
embryo quality, synchronization accuracy, physiological condition of recipient cows,
nutritional management, and environmental stress conditions such as heat stress (Rensis et
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al., 2015; Hansen, 2020). In tropical livestock systems, high ambient temperatures and
seasonal climatic variability can negatively affect reproductive performance by altering
endocrine responses and reducing embryo viability.

Beyond biological and environmental determinants, institutional and managerial
factors also play an important role in determining the effectiveness of technology
implementation in livestock development programs (Asai et al., 2018; Leroy et al., 2016).
The availability of trained technicians, coordination among implementing agencies, program
monitoring systems, and policy support are often decisive factors influencing the
sustainability of livestock innovation programs (Shortall & Brown, 2019; Ansari, 2021).
Within the framework of agricultural innovation systems, successful adoption of new
technologies depends not only on technological performance but also on the effectiveness of
institutional arrangements, extension services, and governance mechanisms supporting their
implementation (Freudenreich et al., 2022; Fernando et al., 2023).

Empirical observations in East Java indicate that embryo transfer programs initiated
in recent years have shown varying levels of success (Sini et al., 2020; Tangkas et al., 2025).
Pasuruan Regency represents one of the regions where ET programs have been implemented
as part of regional livestock development strategies. However, the pregnancy rates achieved
through embryo transfer remain variable, ranging from approximately 20% to 50%
depending on embryo type, recipient condition, and management practices (Lestari et al.,
2019; Syahdan et al., 2025). Such variability suggests that the performance of ET technology
in field conditions may be influenced by a complex interaction between biological,
environmental, and institutional factors.

The situation has been further complicated by the outbreak of Foot and Mouth Disease
(FMD) in Indonesia in 2022, which significantly affected livestock health and reproductive
performance (Asmara et al., 2025; Kedang et al., 2025). Previous studies reported that cattle
affected by FMD may experience reproductive disorders such as irregular estrus cycles,
abortion, and decreased fertility rates (Priyanto et al., 2024; Setyo et al., 2024). These health
disturbances can directly influence the effectiveness of reproductive technologies, including
embryo transfer programs.

Although numerous studies have examined technical aspects of embryo transfer, such
as embryo quality, synchronization protocols, and pregnancy rates, research integrating
reproductive performance analysis with program implementation and institutional
dimensions remains limited, particularly in tropical smallholder dairy systems.
Understanding how biological determinants interact with institutional and managerial
conditions is essential for improving the effectiveness of reproductive biotechnology in
livestock development programs.

Therefore, this study aims to analyze the determinants of embryo transfer success in
dairy cattle by integrating reproductive performance analysis with an evaluation of
institutional implementation factors. Using a mixed-methods approach, this research
combines quantitative analysis of pregnancy outcomes from recipient cows with qualitative
assessment of program governance and implementation. By examining both biological and
institutional determinants, this study seeks to provide a more comprehensive understanding
of the factors influencing embryo transfer success and to generate insights for improving the
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effectiveness and sustainability of reproductive biotechnology programs in tropical dairy
production systems.

II. RESEARCH METHOD

1. Research Design

This study employed a mixed-methods approach with an evaluative design to obtain a
comprehensive understanding of the implementation of the embryo transfer (ET) program.
The quantitative component was used to analyze reproductive performance and identify
determinants influencing pregnancy outcomes in recipient dairy cattle. Meanwhile, the
qualitative component was conducted to explore institutional and governance factors
affecting the implementation of the ET program at the regional level.

The mixed-methods approach allowed the integration of biological performance
analysis with institutional evaluation, enabling a broader understanding of the factors
influencing the effectiveness of embryo transfer technology in tropical dairy production
systems.

2. Study Area and Period

The study was conducted in Pasuruan Regency, East Java Province, Indonesia, which
represents one of the priority regions for the implementation of embryo transfer programs in
dairy cattle since 2019. The region was selected purposively due to its significant dairy cattle
population and its role as an important center for dairy production in East Java.

Field data collection was carried out from April to July 2025, including farm
observations, interviews, and documentation of reproductive records of recipient cows
involved in the ET program.

3. Population and Sampling

The study population consisted of dairy farmers participating in the embryo transfer
program implemented by the Provincial Livestock Service in Pasuruan Regency.
1) Sampling was conducted using purposive sampling based on the following criteria:
2) Farmers who had participated in the ET program for at least one transfer cycle
3) Farms with documented reproductive records of recipient cows
4) Farmers willing to participate as research respondents

A total of 200 recipient dairy cows that had undergone embryo transfer procedures
were included in the quantitative analysis. The dataset included both fresh and frozen
embryo transfers, along with information on recipient characteristics, environmental
conditions, and technical implementation variables.

4. Data Collection Techniques
Data were collected using four complementary techniques:

a. Structured Questionnaire

Structured questionnaires were administered to collect quantitative information
regarding farmer characteristics, management practices, estrus detection accuracy, feeding
management, and pregnancy outcomes following embryo transfer.
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b. In-depth Interviews

Semi-structured interviews were conducted with key informants, including dairy
farmers, embryo transfer technicians, inseminators, and officials from the regional livestock
service. The interviews aimed to explore perceptions regarding program implementation,
technical challenges, institutional coordination, and policy support.

c. Field Observation

Direct observations were conducted to assess farm management practices, housing
conditions, estrus detection practices, and the physiological condition of recipient cows.
Body condition score (BCS) assessments were performed to evaluate the nutritional status
of recipient animals.

d. Document Analysis

Secondary data were obtained from official reports, program implementation records,
and reproductive data maintained by the regional livestock service and technical units
responsible for embryo transfer programs.

5. Research Variables

The variables analyzed in this study consisted of biological, environmental, and
institutional indicators related to embryo transfer success.

a. Reproductive and Biological Variables
(1) Embryo type (fresh or frozen)
(2) Embryo quality (Grade 1 or Grade 2)
(3) Body Condition Score (BCS) of recipient cows
(4) Parity (number of lactation cycles)

b. Environmental and Health Variables
(1) Heat stress index (HTI) representing environmental temperature stress
(2) Disease history, particularly related to reproductive disorders or Foot and Mouth
Disease (FMD)
c¢. Technical Implementation Variable
Technician experience, measured in years of practical experience in embryo transfer
procedures.

d. Outcome Variable
The dependent variable was pregnancy outcome. This binary variable represented the
success of embryo implantation following embryo transfer, coded as:
0 = not pregnant
1 = pregnant

6. Quantitative Data Analysis

Quantitative data were analyzed using binary logistic regression to identify factors
influencing pregnancy outcomes following embryo transfer. The logistic regression model
(1) can be expressed as:

logit(P) = By + P1X1 + P2X5 + B3X5 + PaXy + BsXs + BeXe + B7X7 (1)




6 Nurul dkk.

Where probability of pregnancy success (P), embryo type (X1), embryo quality (X2),
body condition score (BCS) (X3), parity (X4), heat stress index (HTI) (X5s), disease history
(X6), and technician experience (X7). Descriptive statistics of recipient cows and embryo
transfer variables are presented in Table 1.

The regression analysis generated odds ratios (OR), 95% confidence intervals (CI),
and p-values to determine the statistical significance and magnitude of each variable's effect
on pregnancy outcomes. Model performance was evaluated using log-likelihood, Akaike
Information Criterion (AIC), and pseudo-R? (McFadden) indicators to assess the goodness-
of-fit of the logistic regression model.

Table 1. Descriptive statistics of recipient cows and embryo transfer variables

Variable Description Category / Unit n
Embryo type Type of embryo used for transfer Fresh/Frozen 200
Embryo quality Morphological quality of embryo Grade 1/Grade 2 200
Body Condition Nutritional status of recipient <2.5;2.5-3;>3 200
Score (BCS) COWS
Parity Lactation number of recipient 1-6 cycles 200

COWS
Heat Stress Index Environmental temperature °C 200
(HTI) indicator
Disease history History of reproductive or Yes/No 200
infectious disease (including
FMD)
Technician Experience of ET technician Years 200
experience
Pregnancy outcome  Result of embryo transfer Pregnant/Not pregnant 200

7. Qualitative Data Analysis

Qualitative data obtained from interviews and field observations were analyzed using
content analysis techniques. The analysis involved several stages:
1) Data transcription and organization
2) Data reduction and thematic coding
3) Categorization of institutional and governance factors
4) Cross-validation through data triangulation
The evaluation of institutional implementation was conducted using the Edwards III
policy implementation framework, which examines four key dimensions:
1) Communication
2) Resources
3) Disposition of implementers
4) Bureaucratic structure
This framework was used to assess how institutional arrangements and governance
mechanisms influenced the effectiveness of embryo transfer program implementation.
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III. RESULTS AND DISCUSSION

1. Reproductive Performance of Embryo Transfer

The implementation of embryo transfer (ET) in Pasuruan Regency showed variable
reproductive outcomes among recipient dairy cows. As presented in Table 2, pregnancy rates
ranged between 20-50% depending on embryo type, with fresh embryos achieving higher
pregnancy success compared with frozen embryos. The average pregnancy rate across all
transfers was estimated at 35-42%, indicating moderate reproductive performance under
field conditions.

The higher pregnancy success observed in fresh embryos can be explained by
differences in embryo viability following cryopreservation. Fresh embryos generally
maintain better cellular integrity and metabolic activity compared with frozen embryos,
which may experience cellular stress during freezing and thawing processes. Previous
studies reported that cryopreservation can induce osmotic stress and cellular damage that
reduce embryo viability and implantation potential (Cao et al., 2022; Hansen, 2020; Huang
etal., 2006). Similarly, Hasler (2014) noted that although embryo freezing technologies have
improved substantially, fresh embryos often demonstrate higher pregnancy rates under
commercial conditions.

The pregnancy rates observed in this study remain consistent with empirical reports
from tropical dairy production systems. Studies conducted in Indonesia and other developing
countries often report ET pregnancy rates between 30-50% depending on recipient condition
and management practices (Lestari et al., 2019; Syahdan et al., 2025). These findings
indicate that the reproductive outcomes observed in Pasuruan reflect broader patterns of
embryo transfer performance under tropical livestock production conditions.

However, the variability in pregnancy success suggests that embryo transfer
performance cannot be explained solely by embryo characteristics. The success of embryo
implantation is influenced by a combination of recipient physiology, environmental
conditions, and technical implementation of the transfer procedure (Besenfelder & Havlicek,
2023; Bulletti et al., 2025). Therefore, identifying the determinants influencing pregnancy
outcomes is essential for improving the effectiveness of embryo transfer programs.

Table 2. Pregnancy rate of embryo transfer based on embryo type

Embryo Type Number of Transfers Pregnant Cows Pregnancy Rate (%)

Fresh embryo 100 50 50.0
Frozen embryo 100 20-35 20-35
Overall 200 70-85 3542

2. Determinants of Embryo Transfer Success

To identify factors influencing pregnancy outcomes following embryo transfer, a
binary logistic regression analysis was conducted using biological, environmental, and
technical variables as predictors. The regression results are presented in Table 3.

The model indicated that technician experience was the only statistically significant
variable affecting pregnancy success (OR = 1.236; p < 0.05). This finding suggests that each
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additional year of technician experience increases the probability of successful pregnancy
by approximately 23.6%, highlighting the critical role of technical expertise in the
implementation of embryo transfer procedures.

The influence of technician experience can be explained by the highly technical nature
of embryo transfer procedures. Successful ET requires precise synchronization of recipient
estrus cycles, careful handling of embryos, and accurate deposition of embryos within the
uterine horn. Inexperienced technicians may face challenges in achieving optimal transfer
conditions, which may reduce implantation success. Similar findings have been reported in
reproductive biotechnology studies, where operator skill and technical precision
significantly influence the success rates of embryo transfer procedures (Bangert & Wheeler,
2025; D’Angelo et al., 2022; Hew et al., 2024).

Although other variables such as embryo type, embryo quality, body condition score,
parity, heat stress index, and disease history were included in the regression model, their
effects were not statistically significant within the current dataset. Nevertheless, the direction
of their coefficients provides important biological insights into reproductive performance.

For instance, embryo quality showed a positive coefficient (OR = 3.085), indicating
that higher-quality embryos may increase pregnancy probability, although the effect was not
statistically significant in this sample. This trend aligns with previous studies demonstrating
that embryo morphological quality is strongly associated with implantation success and early
embryonic development (Fahrurrozy et al., 2021; Ferraz et al., 2016).

Table 3. Binary logistic regression analysis of factors affecting pregnancy outcomes

Variable Coefficient Std. Error gg‘tcll(s) 95% CL - 95% Cl p-value
(B) (OR) Lower Upper

Intercept -8.0369 4.5445 0.0003 0.0000 2.3872 0.0770
Embryo Type 0.1553 0.6899 1.168 0.3022 4.5151 0.8219
Embryo 1.1266 1.0954 3.085 0.3605 26.4044  0.3037
Quality
Body -0.8024 0.5431 0.448 0.1546 1.2996 0.1396
Condition
Score
Parity 0.2201 0.1970 1.246 0.8471 1.8334 0.2638
Heat  Stress 0.1061 0.2012 1.112 0.7495 1.6494 0.5981
Index
Disease -19.9257  16057.7707 0.000 0.000 — —
History
Technician 0.2119 0.0951 1.236 1.0259 1.4891  0.0258%*
Experience

Body condition score (BCS) displayed a negative coefficient (OR < 1), suggesting that
suboptimal nutritional status of recipient cows may reduce the probability of pregnancy.
Nutritional balance plays a crucial role in reproductive physiology, as inadequate body
condition may impair endocrine regulation, follicular development, and uterine receptivity.
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The regression model produced a McFadden pseudo R? of 0.179, indicating that
approximately 17.9% of the variation in pregnancy outcomes could be explained by the
variables included in the model. This relatively moderate explanatory power suggests that
additional biological or environmental variables not captured in the current dataset may also
contribute to embryo transfer success.

3. Biological and Environmental Constraints in Reproductive Performance

Beyond the statistical determinants identified in the regression analysis, field
observations revealed that environmental and health conditions also influenced reproductive
outcomes. One of the most significant challenges reported by farmers was the impact of the
Foot and Mouth Disease (FMD) outbreak in 2022, which affected reproductive performance
in dairy cattle populations.

Previous studies have documented that cattle recovering from FMD may experience
reproductive disorders, including irregular estrus cycles, decreased fertility, and increased
risk of abortion (Priyanto et al., 2024; Setyo et al., 2024). Such physiological disturbances
may reduce the success of reproductive technologies, including artificial insemination and
embryo transfer (Khan et al., 2023; Yadav et al., 2025).

Environmental stress also represents a major constraint in tropical livestock systems.
High ambient temperatures can induce heat stress, which disrupts endocrine regulation and
reduces reproductive efficiency. Heat stress has been shown to impair follicular
development, decrease oocyte quality, and reduce embryo survival rates (Rensis et al., 2015).
In dairy cattle, elevated temperature-humidity conditions may also alter uterine physiology
and decrease implantation success.

These findings suggest that the effectiveness of embryo transfer technology cannot be
separated from the broader physiological and environmental conditions experienced by
recipient animals. Even when high-quality embryos are used, unfavorable health or
environmental conditions may reduce the likelihood of successful pregnancy.

4. Institutional and Program Implementation Factors

In addition to biological determinants, qualitative analysis revealed several
institutional constraints affecting the effectiveness of embryo transfer programs. As
summarized in Table 4, key challenges include limited availability of trained technicians,
inconsistent program monitoring systems, and weak institutional coordination among
implementing agencies.

Within the framework of agricultural innovation systems, the successful adoption of
advanced technologies depends on the integration of multiple subsystems, including
research institutions, extension services, training programs, and policy support mechanisms
(Fernando et al., 2023). When coordination among these components is weak, technological
innovations may fail to achieve their intended impact (Enciso et al., 2022; Gutiérrez Cano et
al., 2023).

The significant role of technician experience identified in the regression analysis
further emphasizes the importance of human resource capacity in reproductive
biotechnology programs. Without adequate technical training and continuous skill
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development, the implementation of complex reproductive technologies such as embryo
transfer may face substantial operational challenges.

Furthermore, the absence of systematic monitoring and evaluation mechanisms may
limit the ability of local institutions to identify implementation bottlenecks and improve
program performance. Strengthening institutional coordination and establishing data-based
monitoring systems may therefore contribute to improving the effectiveness of ET programs.

Table 4. Institutional and technical constraints affecting embryo transfer implementation

Aspect Field Findings Potential Impact
Reproductive Variation in embryo quality and Reduced pregnancy
management recipient condition consistency
Human resources Limited number of trained ET Inconsistent technical

technicians procedures
Animal health Post-FMD reproductive Increased abortion and
disturbances infertility risk
Environmental Heat stress during tropical seasons Reduced embryo
factors implantation success

Program governance Limited monitoring and evaluation Lower program
systems effectiveness

5. Implications for Livestock Productivity and Agricultural Innovation Systems

Improving reproductive efficiency through advanced technologies such as embryo
transfer has significant implications for livestock productivity and food security. Genetic
improvement programs can accelerate the dissemination of superior livestock genetics,
thereby increasing milk production and enhancing the efficiency of dairy production
systems.

However, the findings of this study demonstrate that technological interventions alone
are insufficient to achieve optimal outcomes. The effectiveness of reproductive
biotechnology depends on the integration of biological performance, technical capacity, and
institutional governance within livestock development programs.

In the context of agricultural innovation systems, strengthening the implementation of
embryo transfer programs requires coordinated efforts involving research institutions,
veterinary services, extension systems, and policy makers. Enhancing technician training
programs, improving reproductive data management systems, and integrating reproductive
biotechnology into regional livestock development policies may significantly improve
program outcomes.

Therefore, the success of embryo transfer programs in tropical dairy systems should
be viewed not merely as a technical reproductive issue but as a systemic innovation process
that involves interactions between biological, environmental, and institutional components.

IV. CONCLUSION

The results of this study demonstrate that the success of embryo transfer (ET) in dairy
cattle is determined by the interaction between biological, environmental, and institutional
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factors. Pregnancy rates observed in Pasuruan Regency ranged from 20-50%, indicating
moderate reproductive performance under field conditions in tropical dairy production
systems. The logistic regression analysis revealed that technician experience was the only
variable with a statistically significant effect on pregnancy outcomes, suggesting that
technical capacity plays a critical role in the successful implementation of embryo transfer
procedures. Although other biological variables such as embryo quality, body condition
score, parity, and heat stress were not statistically significant in the regression model, their
biological relevance remains important in influencing reproductive performance. These
findings indicate that the effectiveness of embryo transfer technology cannot be interpreted
solely from a reproductive or physiological perspective, but rather as the outcome of a
complex interaction between animal health, environmental conditions, and technical
implementation.

From a policy perspective, improving the effectiveness of embryo transfer programs
in tropical dairy systems requires a systemic approach that integrates technological
innovation with institutional strengthening. Capacity-building programs for embryo transfer
technicians should be prioritized to enhance technical proficiency and consistency in
reproductive procedures. In addition, strengthening reproductive data monitoring systems,
improving animal health management—particularly in response to infectious disease
outbreaks—and developing adaptive strategies to mitigate heat stress are essential for
improving reproductive efficiency. Integrating embryo transfer programs within broader
regional livestock innovation systems involving research institutions, veterinary services,
and extension agencies may further enhance the sustainability and impact of reproductive
biotechnology in supporting livestock productivity and national food security.
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