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ABSTRACT: The global food supply chain is a complex network involving multiple stakeholders, ranging from
farmers and processors to distributors and retailers. This complexity often leads to issues such as food fraud, lack of
transparency, traceability gaps, and inefficient recall procedures. Blockchain technology has emerged as a
transformative solution capable of addressing these challenges by providing a decentralized, immutable ledger for
tracking food products from origin to consumption. With the integration of smart contracts and real-time data sharing,
blockchain enhances trust and accountability among supply chain participants. In recent years, several pilot projects
and studies have demonstrated blockchain’s potential to reduce fraud, ensure food safety, and improve overall supply
chain visibility. This paper presents a comprehensive review of blockchain applications in the agri-food supply chain,
emphasizing both the technological and managerial perspectives. A conceptual framework is proposed to demonstrate
how blockchain can be effectively implemented in real-world scenarios. The study also discusses the challenges,
limitations, and future directions for blockchain integration in the food industry.
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L. INTRODUCTION

The modern food supply chain involves a wide array of processes and participants, including farmers, manufacturers,
logistics providers, regulatory bodies, retailers, and consumers. As globalization expands, food products are often
transported across countries and continents, increasing the complexity and vulnerability of the supply chain. Issues such
as contamination, food fraud, lack of provenance information, and inefficient recalls have raised concerns about food
safety and transparency. Consumers are becoming more aware of what they eat and demand greater information
regarding the origin, quality, and handling of their food products.

Traditional traceability systems often rely on centralized databases, which are susceptible to tampering, single points
of failure, and data manipulation. These limitations make it difficult to establish trust among stakeholders and ensure
the authenticity of food-related information. Blockchain technology, characterized by its decentralization, immutability,
and transparency, offers a promising alternative. By enabling tamper-proof recording of transactions and data exchange
across a distributed ledger, blockchain can significantly improve traceability and accountability in the food supply
chain.

Smart contracts, a key component of blockchain, can automate and enforce business rules without the need for
intermediaries. This automation reduces human error, increases efficiency, and fosters trust among parties. Several
industries have begun exploring blockchain for supply chain applications, with the food sector being one of the most
actively researched and tested domains. From tracking the origin of a product to recording temperature data during
transit, blockchain can provide an end-to-end view of the product lifecycle.

The objective of this paper is to explore how blockchain technology can enhance the efficiency, safety, and
transparency of food supply chains. A detailed review of recent literature is conducted to understand the current state of
research and identify trends, benefits, and limitations. Furthermore, this paper proposes a conceptual framework for
integrating blockchain into food systems, focusing on practical applicability and scalability. By addressing both
technical and organizational aspects, the paper aims to contribute to the growing body of knowledge on blockchain-
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based supply chain innovations. Ultimately, the goal is to provide insights for policymakers, practitioners, and
researchers seeking to implement or study blockchain solutions in the agri-food sector.

II. LITERATURE SURVEY

Tian, F., [1] "An agri-food supply chain traceability system for China based on RFID & blockchain technology"
— The study proposes a traceability model using blockchain and RFID to ensure food safety in China’s agri-food
supply chain. It highlights the system’s potential to enhance transparency and data security. The framework was
tested with pork supply chain data. Lin, Q., Wang, H., & Pei, X., [2] "Food safety traceability system based on
blockchain and EPCIS" — The authors design a blockchain and EPCIS-based model to track the safety of food
products. The system integrates product lifecycle data to ensure end-to-end transparency. Results show improved
efficiency in food recall operations. Kamble, S. S., Gunasekaran, A., & Sharma, R., [3] "Modeling the blockchain -
enabled traceability in agriculture supply chain" — This paper models blockchain-based traceability mechanisms in
agri-supply chains. It uses the TOE framework to analyze adoption drivers and barriers. Empirical analysis shows
improved traceability and stakeholder trust. Abeyratne, S. A., & Monfared, R. P., [4] "Blockchain ready
manufacturing supply chain using distributed ledger" — Though focused on manufacturing, the principles are
adapted to food chains. It shows how blockchain supports real-time data visibility and traceability. The study
validates blockchain’s role in eliminating data manipulation.

Caro, M. P., et al., [5] "Blockchain-based traceability in Agri-Food supply chain management: A practical
implementation" — The paper demonstrates a real-world prototype for an agri-food blockchain system. It uses
Ethereum and smart contracts to trace food products. The system improves accountability and reduces the risk of
counterfeit goods. Azzi, R., Chamoun, R. K., & Sokhn, M., [6] "The power of a blockchain-based supply chain" —
This conceptual paper discusses how blockchain can disrupt traditional supply chains. It emphasizes transparency,
automation, and fraud reduction. Applications in food supply chains are considered with positive prospects. Kim, H.
M., & Laskowski, M., [7] "Toward an ontology-driven blockchain design for supply-chain provenance" — The
authors propose an ontology-based design for blockchain to enhance food provenance. Semantic models are used
for better interoperability. The solution improves data trust and validation. Saberi, S., et al., [8] "Blockchain
technology and its relationships to sustainable supply chain management" — This study links blockchain with
sustainability in the food chain. It argues that blockchain improves ethical sourcing and waste reduction. The work
also discusses regulatory challenges.

Galvez, J. F., Mejuto, J. C., & Simal-Gandara, J., [9] "Future challenges on the use of blockchain for food
traceability analysis" — This paper identifies research gaps in food traceability systems using blockchain. It
discusses issues of scalability, cost, and data standardization. The authors propose solutions for broader adoption.
Tripoli, M., & Schmidhuber, J., [10] "Emerging opportunities for the application of blockchain in the agri-food
industry" — A report by the FAO analyzing global trends in blockchain adoption. It discusses pilot projects in
various countries. The report highlights the importance of regulation and cross-border collaboration. Roeck, D.,
Sternberg, H., & Hofmann, E., [11] "Distributed ledger technology in supply chains: a transaction cost perspective"
— This study analyzes how blockchain reduces transaction costs in supply chains. It is applied to food logistics with
measurable cost savings. Trust and efficiency improvements are highlighted. Zhang, Y., & Wen, J., [12] "The IoT
and blockchain convergence: Benefits and challenges for supply chains" — The authors explore the integration of
IoT and blockchain in food chains. Sensors and smart contracts automate monitoring and data logging. The fusion
ensures real-time food safety compliance.

Francisco, K., & Swanson, D., [13] "The supply chain has no clothes: Technology adoption of blockchain for
supply chain transparency” — This critical review identifies the hype versus reality of blockchain in food chains. It
discusses resistance to change and lack of infrastructure. The study calls for more empirical research. Helo, P., &
Hao, Y., [14] "Blockchains in operations and supply chain management: A review of the literature and proposed
framework" — This review synthesizes blockchain applications in various industries, including agri-food. It
proposes a layered framework for implementation. It emphasizes modularity and scalability. van Hoek, R., [15]
"Exploring blockchain implementation in the supply chain: learning from pioneers and RFID research" — This
paper draws parallels between RFID adoption and blockchain. It highlights lessons from early adopters in the food
industry. It suggests using hybrid systems for gradual integration.
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III. BLOCKCHAIN IN SUPPLY CHAIN MANAGEMENT

Blockchain technology has gained considerable attention in supply chain management due to its ability to offer
transparency, traceability, and security in data sharing. Unlike traditional centralized systems, blockchain uses a
decentralized ledger that records transactions in a tamper-proof and verifiable manner. Each transaction is validated
through consensus mechanisms, ensuring trust among parties without the need for intermediaries. In the food supply
chain, blockchain can track the movement of goods, verify origin, and document environmental conditions in real -time.
Smart contracts can automate tasks such as payments and regulatory compliance, improving operational efficiency.
This level of transparency helps reduce fraud, waste, and disputes between stakeholders. Additionally, blockchain
enhances accountability by linking actions to specific entities, making it easier to identify the source of errors or
contamination. Major companies in agriculture and food retail have started experimenting with blockchain to
streamline logistics and build consumer trust. Overall, blockchain has the potential to redefine supply chain dynamics
by improving coordination, reducing costs, and enhancing customer satisfaction.

IV.PROPOSED SYSTEM FRAMEWORK

This section outlines the architecture of the proposed blockchain-based system for enhancing traceability and
transparency in the food supply chain. The framework integrates blockchain, IoT devices, smart contracts, and user
interfaces to support real-time data exchange and secure tracking of food products.

IV.1 System Architecture Overview
The system architecture is composed of four key layers:

e Data Collection Layer
This layer includes IoT devices and sensors installed at farms, processing units, transport vehicles, and storage
facilities. These devices gather real-time data such as temperature, humidity, GPS location, and timestamps.

e Blockchain Network Layer
A permissioned blockchain is used to maintain a decentralized and tamper-proof ledger of all transactions.
Only authorized participants (e.g., farmers, manufacturers, regulators) can access and record data.

e Smart Contract Layer
Smart contracts automate predefined conditions, such as initiating payments upon delivery or triggering alerts
during temperature breaches. These contracts are deployed on the blockchain and are immutable once created.

e Application and Interface Layer
This layer includes web and mobile interfaces used by different stakeholders to interact with the system.
Consumers can scan QR codes to view product histories, while producers and regulators can update and verify
data.

IV.2 Data Flow and Operation

Farmers upload data about the origin, crop type, and cultivation methods using a mobile app.
Processors log cleaning, packaging, and quality testing data through smart devices.

Logistics providers track and store real-time location and environmental data via GPS and IoT sensors.
Retailers verify the received goods and add final destination data to the blockchain.

Consumers scan a QR code on the product to retrieve the entire supply chain journey.

DR W=
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IV. 3 Block Diagram Description

Below is a textual representation of the proposed system block diagram:
Data Collection Smart Contract Logic Application and Interface
(loT Sensors, Mobile Input) (Rules, Automation) Layer (User Access)

Blockchain
Ledger (Permissioned,
Secure, Immutable Records)

Stakeholder Nodes
(Farmer, Processor etc)

Fig 1 : Proposed system block diagram
IV.4 Key Features

e Traceability: End-to-end tracking from production to retail.

Tamper-Proof Records: Immutable storage of all transaction logs.

Automated Compliance: Smart contracts for regulatory and operational automation.
User-Friendly Access: Stakeholders interact with intuitive interfaces for data entry and retrieval.
Scalability: Modular design supports various product categories and geographic regions.

V.CHALLENGES AND LIMITATIONS

Despite its potential, implementing blockchain in food supply chains comes with several challenges and limitations.
One major issue is the lack of standardized protocols across the industry, which makes data interoperability difficult.
High implementation costs, particularly for small and medium-sized enterprises, can also be a barrier. Additionally,
blockchain systems require reliable internet connectivity and digital infrastructure, which may not be available in rural
or underdeveloped regions. There are also concerns about the accuracy of input data—while blockchain ensures data
immutability, it cannot verify if the input data itself is accurate or fraudulent. Energy consumption, especially in public
blockchain networks, poses environmental concerns. The legal and regulatory landscape for blockchain remains
uncertain in many countries, leading to hesitation in adoption. Furthermore, user resistance and lack of technical
expertise may slow down integration. Privacy concerns may arise, especially when sensitive business or personal data
is shared across the network. Finally, maintaining a balance between data transparency and confidentiality remains a
critical design challenge. Overcoming these limitations will require coordinated efforts from governments, industry
players, and technology providers.

VI. FUTURE SCOPE

The future of blockchain in food supply chains holds significant promise as the technology matures and gains wider
acceptance. Integration with advanced technologies such as artificial intelligence and machine learning can enhance
predictive analytics and decision-making. Improved interoperability standards are expected to facilitate seamless data
exchange among stakeholders. Governments and international organizations are likely to play a crucial role by creating
supportive regulatory frameworks that encourage adoption. As blockchain platforms become more energy-efficient and
cost-effective, even small-scale producers may benefit from the technology. Consumer awareness about food safety and
ethical sourcing will drive demand for transparent supply chains, further accelerating blockchain implementation. The
use of decentralized applications (dApps) may open new avenues for real-time monitoring and collaboration. Cross-
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border food trade could also be streamlined through blockchain by reducing paperwork and ensuring compliance.
Educational initiatives and pilot programs will be essential to train users and validate real-world applications. Overall,
blockchain is poised to become an integral part of the digital transformation of global food supply systems.

VII. CONCLUSION

Blockchain technology offers a transformative approach to resolving long-standing issues in the food supply chain,
including lack of traceability, data tampering, and inefficiencies. By providing a transparent and immutable record of
transactions, blockchain fosters trust among all participants. The integration of smart contracts and loT devices further
enhances the functionality and real-time monitoring of food products. This paper has reviewed existing research and
highlighted how blockchain can improve traceability, reduce fraud, and ensure food safety. The proposed system
framework demonstrates the feasibility of implementing blockchain in a practical and scalable manner. However, the
successful adoption of this technology depends on overcoming current challenges related to cost, infrastructure, and
regulation. Continued research and collaboration among stakeholders are essential to refine and optimize blockchain
solutions. Future developments in blockchain technology, combined with growing consumer demand for transparency,
suggest a strong outlook for its role in agri-food supply chains. As the ecosystem matures, blockchain is expected to
become a standard component in building secure, efficient, and sustainable food systems. In conclusion, blockchain
holds the potential to revolutionize how we track, verify, and manage food from farm to table.
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