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ABSTRACT

Rice is a staple food in Indonesia, with a high consumption rate of 81.044 kg per capita
annually and a production volume of 31.54 million tons in 2022. Ensuring traceability in
the rice supply chain is crucial for food quality and safety. However, the industry faces
logistical challenges, such as inadequate infrastructure, poor interagency coordination, and
unintegrated information systems. At Menata Citra Selaras (MCS), the largest rice milling
unit in Bekasi Regency, manual systems hinder decision-making and product traceability.
This study aims to optimize traceability by leveraging blockchain technology. We developed
Ricetrack, a prototype application based on Sawtooth blockchain technology, to enhance
supply chain traceability. The methodology includes identifying actors and user stories,
system modeling, design, and prototype testing in an operational environment. Data
analysis, both quantitative and qualitative, showed significant improvements in traceability
and data transparency, validated through surveys and stakeholder feedback. The study
concludes that blockchain technology offers substantial benefits for the rice supply chain,
providing added value to all stakeholders and enhancing operational efficiency for MCS
and other companies in the Indonesian rice industry.
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INTRODUCTION

The rice industry in Indonesia, a country with one of the highest consumption
rates globally at 81.044 kg per capita per year (Pusat Data dan Sistem Informasi
Pertanian 2022) and a production volume of 31.54 million tons in 2022 (BPS RI
2023a), plays a strategic role in the national economy. However, this industry faces
various complex challenges. In 2023, rice production in Indonesia is estimated at
around 30.90 million tons, a decrease of 645.09 thousand tons or 2.05 percent
compared to the previous year (BPS RI 2023b). This decline, coupled with rising
demand, threatens a supply-demand imbalance (Octania 2021). Market competition
(Hermawan 2013), climate variability (Purboningtyas, Dharmawan, and Putri
2019), an aging farmer population with low youth involvement (Susilowati 2016),
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limited female participation in decision-making (Yuliani 2014), reliance on
chemical products (Lestari 2020), and low compliance with food safety regulations
and standards (Nurhayati, Satibi, and Sumarni 2022) are significant challenges.

Studies show that the Indonesian rice supply chain system is not integrated,
with data processing still conducted manually, leading to inventory management
inaccuracies, distribution delays (Putri, Kusnadi, and Rachmina 2013), and
inefficiencies in production, post-harvest, and transportation processes (Perdana et
al. 2020). Addressing these challenges requires innovative supply chain
approaches, such as enhancing traceability (Aung and Chang 2014), transparency
(Singwal 2023), and data security (Lo et al. 2019). Blockchain technology can offer
a holistic solution for the rice supply chain (Saranya and Maheswari 2022),
functioning as a secure and transparent digital ledger, providing irrefutable data on
the origin, movement, and current status of rice. Additionally, blockchain can
provide audit trails ensuring each supply chain stage complies with food safety
regulations and standards.

Zahrah, Arkeman, and Indrawan (2021) developed a rice supply chain
traceability system model during the Covid-19 pandemic, focusing on the rice
industry in Jabodetabek. The study utilized Unified Markup Language (UML) and
found that the pandemic disrupted distribution channels and limited human
resources, slowing rice product flow. An integrated traceability system can enhance
supply chain transparency and efficiency.

Purwandoko et al. (2019) developed a smart traceability system based on
information technology for the Indonesian rice supply chain using the System
Development Life Cycle (SDLC) and Data Flow Diagram (DFD) approach. The
resulting prototype helps stakeholders monitor production processes and decision-
making, improving transparency, efficiency, and product quality.

Blockchain-based solutions have also been developed to support sustainable
food supply chains. Baralla (2019) used Hyperledger Sawtooth, Dey et al. (2021)
developed FoodSQRBIlock, Hidayat, Hermadi, and Ramadhan (2021), Prabantoro,
Hermadi, and Arkeman (2021), and Usman, Hermadi, and Arkeman (2021) used
Hyperledger Fabric, Wang et al. (2021) combined Ethereum and Hyperledger
Fabric, and Bhatia and Albarrak (2023) utilized blockchain and XAl-Faster RCNN
to enhance food product safety and quality.

While there is extensive research on blockchain in supply chains, literature on
its application in the Indonesian rice industry is limited. This study aims to fill this
gap by exploring the application of blockchain in the Indonesian rice supply chain,
particularly within the context of Menata Citra Selaras (MCS) in Bekasi Regency,
and evaluating its significant contributions to improving traceability, transparency,
and data security.

RESEARCH METHOD

The research was conducted in Bekasi Regency, focusing on MCS's rice
supply chain points in Pabuaran, Cibitung, and Jatiasih, from August 2023 to May
2024. Data was collected on manual systems, transparency, product tracking, and
data security through qualitative methods like in-depth interviews and field
observations. Stakeholders such as farmers, collectors, millers, distributors,
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retailers, and consumers were identified and mapped. User stories were gathered
through interviews, and field observations were conducted to understand
operational workflows and challenges. User stories were validated with
stakeholders, and workflow diagrams were created to identify areas where
blockchain and QR codes could enhance traceability, transparency, and data
security.

This research employs the Agile Blockchain DApp Engineering (ABCDE)
method to optimize traceability and data security in the rice supply chain at MCS
using blockchain technology. The ABCDE method combines agile methodology's
discipline and flexibility, allowing developers to incorporate user feedback
iteratively. This approach ensures the Ricetrack prototype improves traceability,
transparency, and data security while adapting to continuous feedback from MCS
stakeholders, including farmers, milling staff, distributors, and retailers.

The system design uses UML diagrams to document the data structure, user
interactions, and transaction flows, ensuring transparent and secure data processing.
Smart contracts on the Sawtooth blockchain platform automate recording and
tracking, eliminating inaccuracies and delays. QR codes are employed for
authentication, providing real-time data on rice products from planting to
distribution. Validation sessions with stakeholders ensure the system meets security
and functionality standards, with iterative evaluations incorporating user feedback.

The Ricetrack prototype was developed and tested iteratively in MCS's
operational environment, involving rice reception, milling, and distribution.
Functional testing focused on automating processes, reducing errors, and improving
traceability. Transparency was evaluated by measuring stakeholder access to
product and transaction information. Data security was tested through simulations
and encryption checks. User feedback was collected through surveys and
interviews, used for iterative improvements. User satisfaction was assessed to
evaluate the system's impact on traceability and transparency, with performance
improvements measured through case studies and comparative analysis.

Validation involved iterative testing with MCS stakeholders to ensure the
application met their needs. Stakeholders participated in trials and demonstrations,
providing feedback on usability, process efficiency, and data accuracy. Feedback
was integrated into the development cycle, ensuring continuous adaptation to user
needs. Performance was evaluated against success criteria, ensuring the application
was effective and user-friendly. Validation strengthened stakeholder engagement
and trust, enhancing the rice supply chain's traceability and transparency.

RESULT AND DISCUSSION

The rice supply chain at PT. Menata Citra Selaras (MCS) involves processes
from farmers to end consumers, as shown in Fig. 4. Farmers grow and harvest rice,
which is then sold to collectors. Collectors send the rice to MCS milling facilities,
where it is cleaned, weighed, and milled into rice. The rice is then distributed
through retailers, distributors, Bulog, or sold directly to consumers.
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Fig 1. Rice Supply Chain in MCS

MCS has a production capacity of over 180 tons per day using advanced
milling and packaging technology, as illustrated in Fig. 5. However, record-keeping
is still manual (Fig. 6), leading to errors and difficulties in real-time data tracking.
These findings align with previous research by Putri, Kushadi, and Rachmina
(2013) and Perdana et al. (2020), who also identified manual record-keeping as a
significant bottleneck in the rice supply chain. External challenges include price
fluctuations, market demand changes, and pressure to meet quality standards.

Fig 2

Interviews with farmers, collectors, MCS staff, distributors, retailers, and
consumers revealed various challenges in the rice supply chain. Farmers face price
fluctuations and high production costs, collectors struggle with coordination and
rice quality, and MCS staff deal with raw material quality and manual record-
keeping issues. Distributors and retailers experience stock availability and
consumer preference challenges, while consumers desire affordable prices, high
quality, and transparency about rice origins. These challenges reflect the broader
issues in the Indonesian rice supply chain, as discussed by Kurniawati, Mege, and
Werdani (2020) and Zahrah, Arkeman, and Indrawan (2021).

Data gathered from interviews and field observations identified stakeholder
needs and challenges. Implementing blockchain technology is expected to
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introduce transparent and immutable record-keeping. Smart contracts can automate
quality verification, while QR code integration can improve inventory and
distribution management, providing detailed information on rice origins and
quality. This approach is supported by findings from Aung and Chang (2014) and
Saranya and Maheswari (2022), who highlighted the benefits of blockchain in
enhancing supply chain traceability and transparency.

The main actors in the system are farmers, collectors, milling staff,

distributors, retailers, and consumers. User stories were developed based on
interviews, addressing needs such as monitoring field productivity, tracking grain
shipments, systematic record-keeping at MCS, and providing product information
to consumers. The system design uses Use Case Diagrams (Fig. 7), Class Diagrams
(Fig. 8), and Sequence Diagrams (Fig. 9) to illustrate interactions between actors
and the Ricetrack system.
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Fig 3. Sequence Diagram

The Ricetrack application was developed iteratively, starting with identifying
MCS needs, modeling operational processes, and designing the system. Testing was
conducted in isolated and real operational environments at MCS, involving all
application aspects. User feedback was used for continuous improvements,
ensuring the application met operational needs. This iterative approach aligns with
the Agile methodology principles discussed by Pinna et al. (2021).

After testing, the application was implemented in MCS's daily operations.
Staff training was conducted to ensure understanding and effective use. QR code
implementation in operational processes ensured transparency, efficiency, and data
accuracy. Implementation results showed significant improvements in operational
speed and accuracy, product traceability, and stakeholder satisfaction. These results
support the effectiveness of blockchain technology in addressing supply chain
inefficiencies, as demonstrated by previous studies (Patelli and Mandrioli 2020;
Wong, Ting, and Atanda 2024).

Application performance was evaluated by comparing operational metrics
before and after implementation. Results showed improved tracking system
efficiency, data accuracy, user satisfaction, ease of use, and operational efficiency.
Validation showed that the Ricetrack application successfully addressed
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operational challenges at MCS. Record-keeping and data tracking time reduced
from an average of 45 minutes per transaction to 5 minutes, an 89% reduction. Data
recording errors decreased from 20 errors per 100 transactions to 1 error, a 95%
reduction. User satisfaction scores increased from 3.0 to 4.8, a 60% improvement.
These improvements reflect the potential of blockchain technology to enhance
supply chain management, as suggested by Tapscott and Tapscott (2016) and Pease
et al. (2023).

In conclusion, the implementation of Ricetrack at MCS demonstrates
significant enhancements in traceability, transparency, and data security within the
rice supply chain. The findings validate the theoretical benefits of blockchain
technology and provide empirical evidence supporting its adoption in similar
supply chain contexts.

CONCLUSION

This research successfully addressed various challenges in the rice supply
chain at PT. Menata Citra Selaras (MCS) through the implementation of blockchain
technology in the Ricetrack application, achieving significant improvements in data
accuracy by greatly reducing recording errors. Traceability, transparency, and data
security were enhanced by providing real-time, easily traceable, and secure data
through blockchain. User satisfaction also increased, as survey results showed the
application’s acceptance and tangible benefits. Overall, Ricetrack demonstrated that
blockchain technology can enhance efficiency, accuracy, transparency, and user
satisfaction in the rice supply chain, highlighting its potential for broader adoption
in the rice industry and other agricultural sectors in Indonesia. Based on the research
findings, several suggestions for further development and implementation are
proposed, including integrating Ricetrack with external systems such as inventory
management, finance, and logistics to enhance its functionality. Additional features
like predictive market demand analytics and automatic notifications for
stakeholders could improve planning and decision-making. Expanding the
technology to broader areas or other agricultural products would create more
efficient and transparent supply chains in the agricultural sector. Further research
should explore other supporting technologies such as the Internet of Things (1oT)
and Artificial Intelligence (Al) for precision agriculture, and with continued
implementation and development, the Ricetrack application can further contribute
positively to the Indonesian rice industry, enhancing supply chain efficiency and
transparency.
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