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ABSTRACT

ARTICLE INFO

This study examines rural economic transformation through a
participatory digital agroindustrial intervention based on Sacha
Inchi (Plukenetia volubilis) in Tabongo Timur Village, Gorontalo.
Using an integrated Rapid Rural Appraisal-Participatory Rural
Appraisal (RRA-PRA) framework, the program engaged farmers,
the village-owned enterprise (BUMDes), women, and youth across
cultivation, processing, and digital marketing. Following technical
training, processing technology adoption, and e-commerce-based
commercialization, seed productivity increased to 200-300
kg/month, while farmer incomes rose by approximately two to
three times. The implementation of a hydraulic press and GMP-
based SOPs enhanced oil production capacity and product
consistency, and BUMDes turnover increased by around 300%
with broadened access to modern retail outlets and online
marketplaces. Community digital literacy increased from ~15% to
~85%, with youth and women playing key operational roles. This
study proposes a replicable framework for integrating
participatory governance, digital agroindustry, and village
enterprises to achieve inclusive and sustainable rural economic
transformation.
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INTRODUCTION

The global shift toward digitalization has created unprecedented opportunities for rural
transformation, particularly in developing countries. As digital technologies become more accessible,
their application in agriculture and rural enterprises offers pathways to enhance productivity, efficiency,
and economic resilience. Village-Owned Enterprises (BUMDes), a distinctive model of local economic
governance in Indonesia, are increasingly positioned as key instruments in this transformation. Through
the integration of digital tools, these institutions can enhance operational transparency, enhance service
delivery, and connect local products to wider markets (Purnomo et al., 2020; Risfandini et al., 2023).
Nevertheless, despite these potentials, rural areas continue to face structural challenges, including
limited digital infrastructure, low digital literacy, and unequal access to technological resources (Kiviaho
& Einolander, 2023; Zhang & Fan, 2023).

Digital empowerment in rural contexts is particularly constrained by a persistent digital divide. This
divide not only limits market access for farmers and micro-enterprises but also inhibits innovation and
institutional growth. In many cases, the lack of technical knowledge and insufficient infrastructure
prevents rural communities from capitalizing on the benefits of digital economies (Ma et al., 2022;
Zulgani et al., 2023). To address these gaps, universities and cross-sector partnerships have emerged
as critical facilitators. Educational institutions provide essential capacity-strengthening training,
resources, and mentorship to enhance digital competencies among farmers and rural entrepreneurs
(Ma et al., 2023; Meng et al., 2023). In addition, collaboration among local governments, private sector
entities, and academic institutions plays a vital role in developing infrastructure and supporting access to
digital tools (Karelis et al., 2025; Panwar & Sahoo, 2025).

Within this context, co-creative rural advancement models have gained traction as an effective
strategy to rural digitalization. These models emphasize local community ownership, local knowledge,
and inclusive decision-making processes. BUMDes, as an institutional form, exemplifies the benefits of
such co-creative mechanisms. Their structure allows for collective governance and the integration of
stakeholder input, which enhances both operational relevance and accountability (Kania et al., 2021;
Pribadi et al., 2023; Salimi et al., 2024). Through co-creative strategies, BUMDes are better equipped to
tailor digital strategies to the specific needs of their communities, while also fostering trust and long-term
engagement (Gunawan & Yuliyanto, 2022; Revida et al., 2023).

In Tabongo Timur, Gorontalo, the potential for digital agroindustrial advancement is exemplified by
the cultivation and processing of Sacha Inchi (Plukenetia volubilis) (Salimi et al., 2024). This perennial
oilseed crop is notable for its economic and nutritional value, particularly its high content of omega-3
fatty acids (46.8%-50.8%), protein (25%-30%), and essential lipids (35%-60%) (Kong et al., 2023;
Rodriguez et al.,, 2021; Salimi et al., 2025). These attributes not only contribute to health and food
security but also create high-value market opportunities both locally and internationally (Mendoza-
Almeida et al., 2025; Sierra et al., 2021). Moreover, Sacha Inchi adapts well to agroforestry systems and
promotes soil health, supporting environmentally sustainable farming practices.

Despite its advantages, the commercialization of Sacha Inchi in rural Indonesia remains constrained
by conventional processing methods, limited market access, and poor institutional integration. Marketing
strategies are often manual and local-scale, while business systems lack digitization, undermining
transparency, scalability, and competitiveness. These challenges necessitate the adoption of a digital
agroindustrial model tailored to the rural context, particularly one that integrates co-creative governance
with digital marketing, technology adoption, and agroindustrial innovation.
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Recent evidence suggests that e-commerce adoption among smallholder farmers enhances market
transparency, reduces dependence on intermediaries, and increases bargaining power and price
competitiveness (Glaros et al., 2023; Gupta, 2025; Jabbouri et al., 2022). Digital platforms enable real-
time pricing, direct consumer interaction, and lower transaction costs (Bahn et al., 2021; Morepje et al.,
2024). Nevertheless, infrastructure gaps, limited capital, and fragmented agricultural systems often
hinder the full realization of these benefits in rural settings (Hassim et al., 2024; Qin et al., 2022).

The case of Tabongo Timur presents a relevant opportunity to examine a structured intervention that
bridges these gaps. By implementing a Participatory Rural Appraisal (PRA)-based empowerment model,
the local BUMDes Sinar Usaha, in collaboration with Universitas Negeri Gorontalo, seeks to integrate
agroindustrial technology, digital marketing, and institutional strengthening. This model not only
addresses the upstream cultivation and downstream processing of Sacha Inchi but also enhances
business formalization through GMP-based SOPs, BPOM certification, and digital administration.

This study seeks to evaluate the effectiveness of this integrated empowerment model by analyzing its
effect on productivity, economic outcomes, digital literacy, and institutional capacity. The central
hypothesis is that a co-creative digitalization strategy, when aligned with agroindustrial upgrading and
supported by structured governance, yields superior outcomes compared to singular interventions. In
addition, this research contributes to the growing discourse on digital agroindustry models by offering
an empirical framework for replication in similar rural contexts.

In summary, the integration of PRA-based digital empowerment, website-enabled market systems,
and Sacha Inchi agroindustrial innovation presents a comprehensive strategy to strengthen village-level
economic resilience and food security. By positioning Tabongo Timur as a replicable model of digital
agroindustrial transformation, this article provides insights into how local community-driven innovation
can address structural rural challenges and support inclusive advancement pathways.

While previous studies have examined digital agriculture and BUMDes separately, limited empirical
research has integrated co-creative rural appraisal, digital agroindustry upgrading, and institutional
strengthening within a single village-scale intervention. Accordingly, this article contributes an empirical
model that links upstream cultivation enhancements, downstream processing modernization, and digital
market integration under co-creative governance to support inclusive rural transformation.

METHODOLOGY

Research Design and Approach

This study adopted a combined methodological framework using Rapid Rural Appraisal (RRA) and
Participatory Rural Appraisal (PRA), as the foundation of its local community-based agroindustrial
empowerment model. The RRA was applied at the initial stages to collect rapid baseline data on field
conditions, cultivation performance, labor and input constraints, and the socio-institutional context. PRA
then followed, involving the local community as active participants in identifying needs, planning, and
implementing digital empowerment interventions. This two-step co-creative methodology ensured
inclusive engagement and alignment of project objectives with local community priorities (Cahyo
Nugroho, 2025; Chakraborty et al., 2020).
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Study Area and Participants

The research took place in Desa Tabongo Timur, Kabupaten Gorontalo, targeting two primary local
community partners: BUMDes Sinar Usaha and Kelompok Tani Hutakiki Jaya. The initiative involved a
wide stakeholder base, including local farmers, BUMDes administrators, village authorities, women's
groups (PKK), and youth organizations (karang taruna), thereby ensuring inclusive representation and
engagement across gender and age groups.

Integrated RRA-PRA Methodology for the PDB Program

Initial Identification Participatory Planning Implementasi & Evaluation

p Rapid Survey © Problem Mapping * Village Workshop ® Technical Training
48 Village Observation © Group Discussion © Program Formulation ® Field Actions
© SWOT Analysis © Community Engagement * Monitoring & Mentoring
B ® Reflection & Evaluation

(o] T |

l?}

Synergy & Collaboration

RRA Approach R g PRA Approach

Rapid Rural Appraisal Participatory Rural Appraisal

FIGURE 1. Flowchart of integrated RRA-PRA methodology for the PDB program
Stages of Program Implementation

= Coordination and Monitoring of Previous Program

Initial field assessments reviewed prior outcomes in Sacha Inchi cultivation and processing. These
included performance indicators such as pest and fertilizer management, harvest yields, workforce
adequacy, and progress in BPOM licensing.

Implementation Stages of Community Empowerment
Activities in Tabongo Timur Village

B

Coordination &
Monitoring

¢ Product Processing
!' Training

\

Implementation

FIGURE 2. Implementation stages of community empowerment activities in Desa Tabongo Timur.
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=  Socialization Stage

A series of local community meetings and farmer forums were conducted to reintroduce Sacha
Inchi as a strategic commodity. Emphasis was placed on its health and economic benefits, market
potential, and alignment with national and global product standards.

L

|

S———— a8

0

FIGURE 3. Socialization of the Sacha Inchi Village-Assisted Empowerment Program
= Education and Technical Guidance

Farmers underwent hands-on capacity-strengthening training in semi-organic farming techniques,
including pruning, composting, and biological pest control. Post-harvest practices focused on
standardized drying, sorting, and raw material handling.

»=  Product Processing Training

Selected equipment such as milk makers, solar dryers, and digital fillers were deployed to optimize
oil yield, reduce moisture content, and maintain quality. Implementation followed Good
Manufacturing Practice (GMP) standards to institutionalize production protocols.

= Technology Implementation

Selected equipment such as milk makers, solar dryers, and digital fillers were deployed to optimize
oil yield, reduce moisture content, and maintain quality. Implementation followed Good
Manufacturing Practice (GMP) standards to institutionalize production protocols.

= Monitoring and Evaluation

Impact assessment was conducted through structured semi-structured interviews, direct field
observation, and local community-based monitoring systems. Key indicators included increases in
productivity, institutional capacity, and market penetration.

»  Program Sustainability

To ensure sustainability, a Village Digital Team was formed, and SOPs were institutionalized. Long-
term mentoring by Universitas Negeri Gorontalo was established through research collaboration
and thematic KKN interventions.

Data Collection Techniques

Data were collected using both primary and secondary sources:

= Primary Data: Field observations, Focus Group Discussions (FGDs), in-depth interviews, and
structured questionnaires.

= Secondary Data: Production records, training reports, and internal documentation from BUMDes
and village institutions.
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Data analysis employed a mixed-methods approach:

» Qualitative data were analyzed using descriptive and thematic content analysis to interpret social,
managerial, and institutional outcomes.

» Quantitative data were analyzed to assess productivity levels, participation metrics, efficiency
improvements, income growth, and return on investment (ROI) trends. Statistical summaries
supported outcome evaluation.

Ethical Considerations

All participants provided informed consent, and data confidentiality was maintained throughout the
intervention.

RESULTS AND DISCUSSION

This section synthesizes the outcomes of the RRA-PRA-based intervention, emphasizing changes in
productivity, income, processing efficiency, institutional capability, and community digital competence.

Upstream Outcomes: Cultivation, Harvest Forms, And Post-Harvest Stabilization

The integrated PRA-digital agroindustry intervention in Tabongo Timur Village produced consistent
improvements across the upstream farmer group (Kelompok Tani Hutakiki Jaya) and the downstream
village-owned enterprise (BUMDes Sinar Usaha), indicating that participatory governance combined
with technology adoption and digital market integration can accelerate rural value-chain upgrading. In
line with participatory development theory, the findings underscore the transformative impact of
integrating Participatory Rural Appraisal (PRA) with digital agroindustrial innovation, elevating rural
stakeholders from raw-material producers to value-adding agroindustrial actors and reaffirming the
importance of community participation for sustainable, inclusive rural development (Acero et al., 2024;
Suhayati & Maesuri, 2023).

At the farmer group level, the intervention strengthened production and cultivation performance.
Farmers managed approximately 3,000-5,000 Sacha Inchi plants, serving as the upstream feedstock
base for downstream processing. Following technical assistance and adoption of improved cultivation
practices, productivity increased by approximately 60%, while daily dry seed output rose from 1-2
kg/day to 10-15 kg/day. These results are consistent with evidence that technical training improves
agronomic decision-making, yield realization, and farmer income through better crop management and
reduced avoidable losses (Loignon et al., 2021; Pribadi et al., 2023).
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FIGURE 4. Forms of Harvest and Post-Harvest Sacha Inchi (Plukenetia volubilis L.) Following a Farmer Group
Empowerment Intervention. (a) Fresh fruit clusters on the vine before harvest. (b) Mature star-shaped capsules
showing pod variants containing 4, 5, and 6 seeds. (c) Shelled seeds with intact brown seed coats after pod
opening and sorting. (d) Dehulled kernels ready for downstream processing (e.g., drying and oil extraction)

This sequence contextualizes how field-level improvements translate into more orderly post-harvest
flows. Conceptually, it reflects an intervention logic combining improved cultivation practices (e.g.,
pruning, semi-organic nutrient management, biological pest control) with participatory learning
processes that sustain adoption—an essential mechanism in PRA-driven empowerment (Acero et al.,
2024; Suhayati & Maesuri, 2023).

Post-harvest handling strengthened markedly through standardized drying and handling procedures.
The introduction of a solar dryer dome strengthened moisture control and reduced quality degradation
risks, while SOP-aligned storage and sorting reduced post-harvest losses and rose raw material
consistency. Consequently, monthly dry seed output rose from 10-20 kg/month to 400-500 kg/month,
indicating strengthened supply-chain reliability and readiness for agroindustrial processing. These
outcomes align with literature emphasizing that SOP-based post-harvest management stabilizes yield
realization and improves oilseed quality by controlling moisture and contamination risks (Loisel et al.,
2025; Purwawangsa et al., 2025).

FIGURE 5. Sacha Inchi Processing Center and Solar Dome Drying Facility in Tabongo Timur Village.
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The facility (figure 5) illustrates a key operational shift: drying and handling are treated as controlled
processes rather than informal routines. This strengthens consistency, supports quality assurance, and
improves downstream processing performance by reducing input variability (Loisel et al., 2025;
Purwawangsa et al., 2025).

Farm-Level Economic and Capability Effects

In addition to production gains, smallholder farmers introduced basic bookkeeping and production
logbooks, supporting more transparent tracking of inputs, outputs, and sales. An estimated ROI of ~30%
was achieved by month six. Average farmer income rose from IDR 0.5-1.0 million/month to IDR 2-3
million/month, representing a two- to three-fold increase (table 1). Asset expansion was indicated by a
100% increase in plant numbers within five months, suggesting reinvestment capacity and growing
confidence in the commodity’s profitability. Interpreted within value-chain upgrading frameworks, these
income gains are consistent with strengthened price realization and reduced inefficiencies when
upstream producers are linked to stronger downstream processing and marketing institutions (Guo &
Chen, 2022; Liu et al., 2024).

TABLE 1. Changes in Sacha Inchi production and income at the farmer group level

Indicator Before Program After Program
Number of plants managed ~3,000 ~5,000

Dry seed production 1-2 kg/day 10-15 kg/day
Monthly dry seed output 10-20 kg 100-300 kg

Average farmer income IDR 0.5-1.0 million/month IDR 2-3 million/month
Estimated ROI Not recorded ~30%

Table 1 consolidates the magnitude of upstream transformation, showing that improvements
extended beyond agronomic output to household-level economic outcomes and documented business
practices, reinforcing the role of training, SOPs, and appropriate technology in stabilizing perennial
oilseed supply chains (Loignon et al., 2021; Pribadi et al., 2023; Purwawangsa et al., 2025).

Social and capacity outcomes further strengthened sustainability. Knowledge scores increased to
approximately 80% by month four, while practical skills reached approximately 90% by month five
through repeated application of standardized procedures. Participation broadened to include women’s
groups and youth organizations, indicating inclusive diffusion of skills and shared ownership of
production routines, which is critical for continuity beyond external facilitation (Acero et al., 2024;
Suhayati & Maesuri, 2023).

Downstream Upgrading: Processing Technology, GMP/SOP Institutionalization,
And Certification Readiness

At the institutional level, BUMDes Sinar Usaha demonstrated maturation through the implementation
of GMP standards, processing technologies, and strengthened administration. The installation of a
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hydraulic press, food dehydrator, and automatic filler increased processing efficiency. Monthly oil output
increased from ~10-20 liters/month to ~100 liters/month, and cost efficiency improved by ~35%,
reflecting workflow standardization and reduced inefficiencies. These findings support the literature that
processing technology adoption and GMP/SOP implementation enhance efficiency, product quality, and
certification readiness in rural agroindustries (Sahruni et al., 2023; Wulandari, 2022).

FIGURE 6. Processing facilities and diversified Sacha Inchi products.

The image illustrates downstream transformation toward a cleaner, standardized processing
environment and a broader product portfolio. GMP-oriented workflows strengthen hygiene, consistency,
and product stability—conditions required for market expansion and formal compliance (Sahruni et al.,
2023; Wulandari, 2022).

Product diversification further strengthened BUMDes competitiveness. The portfolio expanded from
a single product (oil only) to 4-5 products (oil, milk, biscuits, snack bars, jam). Importantly, Sacha Inchi
oil (“Sachita”) obtained BPOM RI MD 013219000100040 certification on 11 September 2025, signaling
institutional maturation and increased consumer trust. Diversification and certification jointly indicate
agroindustrial scalability and market readiness, consistent with evidence that local-commodity
diversification can strengthen rural income generation and SDG-aligned enterprise development (Bait et
al., 2024; Salimi et al., 2024).

TABLE 2. BUMDes production, diversification, and economic performance

Indicator Baseline After Intervention
Oil production capacity 10-20 liters/month ~100 - 300 liters/month
Number of product 1 4-5
variants
Cost efficiency - +35%
BUMDes turnover Baseline +300%
ROI - >50%
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The table links technology adoption and GMP/SOP institutionalization to increased production
capacity, product diversification, improved cost efficiency, and stronger economic outcomes (Bait et al.,
2024; Salimi et al., 2024).

Digital Market Integration: Turnover Growth And Dual-Channel
Commercialization

Digitalization emerged as a strategic driver of market performance. Products were marketed through
a dedicated BUMDes website, marketplaces (e.g., Tokopedia), and modern retail chains (e.g., Alfamart,
UMGO Mart). BUMDes turnover increased by ~300% compared to the previous year, while average
revenue reached ~IDR 30 million/month, accompanied by ROl >50% and break-even by month seven.
These results confirm that digital marketing and e-commerce can dramatically expand market access
and optimize returns, particularly when combined with strengthened processing standards and product
legitimacy (Piranda et al., 2022; Pribadi et al., 2023). The performance also aligns with broader evidence
on the financial advantages of rural e-commerce strategies in widening customer reach and improving
enterprise outcomes (Fatikhah, 2025; Novantoro et al., 2025).

tokopedio MY S0 1M SACHTA v . n

ODOoO00D

Bdaman v wrine R0 menanpdh g ke At mevs e s € hagaa vt
W n e A Bt hetreh P g koo her b how b wpert et
ki, daformrsd prudel, provieh pepdet dae hevits o

FIGURE 7. Marketing of Sacha Inchi oil in modern retail and e-commerce platforms.

This visualization depicts a hybrid commercialization pathway where offline retail credibility
complements online visibility and accessibility. Such dual-channel strategies help rural enterprises
expand market reach while maintaining consumer confidence through standardization and certification.

Social Inclusion, Digital Capability Expansion, And Sustainability Implications

Beyond economic performance, the intervention generated measurable empowerment outcomes.
Community digital literacy increased from approximately 15% to 85% following training and mentoring.
Youth groups became key actors in digital marketing and e-commerce operations, while women
dominated processing and packaging tasks, reinforcing gender- and youth-inclusive participation. This
inclusive role distribution strengthens social sustainability by embedding digital capability and
production routines in the community’s institutional fabric, consistent with arguments on empowerment
in rural digital economies (Naik et al., 2025). Social cohesion also improved through collective
production and profit-sharing mechanisms, reflecting mutual learning and local ownership fostered
through PRA—outcomes aligned with social innovation perspectives emphasizing collaboration, cross-
sector engagement, and social capital as determinants of sustained enterprise performance (Bait et al.,
2024; Kusumaningrum et al., 2022; Salimi et al., 2024).
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TABLE 3. Social and digital impact indicators

Indicator Before Program After Program
Digital literacy level ~15% ~85%
Knowledge score - ~80%
Skills score - ~90%
Active participants Limited >20 people

The table summarizes social transformation indicators—digital literacy gains, knowledge and skills
achievement, and broadened participation—supporting the interpretation that the intervention
generated capability expansion alongside economic upgrading (Naik et al., 2025).

From an environmental sustainability perspective, the program reported a ~40% reduction in
chemical fertilizer usage and a shift toward semi-organic inputs. These practices align with sustainable
agriculture and green economy principles, while biomass reuse for compost supports soil health and
yield stability (Purwawangsa et al.,, 2025). Finally, compared to single-intervention empowerment
models, the integrated approach—combining participatory governance, agroindustrial technology, and
digital marketing—appears to generate stronger and more durable outcomes through adaptability, local
ownership, and inclusive benefits (Prajapati et al., 2025; Tang & Chen, 2022). Overall, the results
position Tabongo Timur as a plausible and replicable model of a digital agroindustrial village, integrating
economic upgrading, institutional strengthening, social inclusion, and environmental stewardship within
a unified empowerment framework (Bait et al., 2024; Salimi et al., 2025; Salimi et al., 2024).

The analysis is confined to a single village setting and a short-to-medium intervention period, which
may affect generalizability and long-term impact assessment. Future evaluations should monitor
sustained performance, institutional resilience, and scalability across diverse agroecological and socio-
economic settings.

CONCLUSION

The case study in Tabongo Timur Village demonstrates that digital-based Sacha Inchi processing is an
effective strategy for transforming rural economies. Through the integration of RRA-PRA, technical
capacity-building sessions, processing technology, and digital marketing, the program notably
strengthened productivity, income, institutional capability, and market reach. Active participation by
smallholder farmers, youth groups, and women’s groups indicates that the model fosters inclusive
empowerment and social cohesion. Achievements such as PIRT and BPOM certification, rose digital
competence, and adoption of semi-organic practices highlight the readiness of the BUMDes to compete in
modern markets sustainably. These findings provide empirical support that digital processing of local
commodities can serve as a replicable model for village economic transformation across other regions in
Indonesia, aligned with food sovereignty and the Sustainable Development Goals (SDGs).
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