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Abstract— The agri-food supply chain faces significant
challenges, including inefficiencies, lack of transparency,
and regulatory compliance issues. Blockchain technology
provides a decentralized and secure framework for
improving traceability, but optimizing decision-making in
real-time remains a critical hurdle. This research proposes
a novel approach by integrating blockchain-based supply
chains to enhance operational efficiency, automate
decision-making, and ensure regulatory compliance. The
study develops and evaluates models tailored for supply
chain optimization, incorporating blockchain to ensure
data integrity, security, and transparency. Performance
metrics are analyzed to assess the effectiveness of this
integration in enhancing supply chain management.
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I. INTRODUCTION

The agri-food supply chain plays a crucial role in
ensuring food security, quality, and sustainability.
However, it faces persistent challenges such as
inefficiencies in logistics, lack of transparency,
traceability issues, and regulatory compliance
complexities. Traditional supply chain management
systems often struggle to provide real-time visibility
and optimize decision-making, leading to food
wastage, fraud, and disruptions in the supply network.
One of the most promising solutions to these
challenges is the adoption of blockchain technology,
which offers a decentralized, secure, and transparent
platform for tracking products throughout the entire
supply chain.[1]

Blockchain’s  ability to maintain immutable
records oftransactions allows for the secure, real-
time tracking of products, making it easier to verify
the origin, quality, and safety of food products.

This, in turn, helps improve transparency, enhances
accountability, and supports compliance with industry
regulations, such as those governing food safety and
quality standards. However, while blockchain
provides the necessary transparency and traceability, it
does not address the need for dynamic decision-
making, which remains a significant hurdle in
optimizing supply chain performance. The focus of
this research is to explore the potential of integrating
blockchain technology in the agri-food supply chain,
aiming to develop a framework that enhances [4]
efficiency reduces operational costs and ensures
compliance with food safety regulations. The study
will involve designing models that can optimize
decision-making processes at various points in the
supply chain, such as demand prediction,
transportation optimization, and inventory
management. These models will be tested in
combination with blockchain frameworks, ensuring
that the data is secure, transparent, and traceable. The
effectiveness of this integrated system will be
evaluated through performance metrics that assess its
impact on supply chain optimization, cost reduction,
and regulatory compliance.

Ultimately, this research seeks to develop a new
paradigm for agri-food supply chain management that
can offer significant improvements in operational
efficiency, transparency, and compliance. By
combining the strengths of blockchain, the study aims
to lay the groundwork for a more adaptive and resilient
supply chain capable of meeting the evolving demands
of the global food system. [1]

II. RELATED WORK

Research on the effective management of blockchain-
based agri-food supply chains has seen notable
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advancements and contributions. "Blockchain for
Transparency in Agri-food Supply Chains" Discusses
the role of blockchain in enhancing transparency and
traceability in agri-food supply chains. Explores how
blockchain technology ensures data integrity and
enables seamless tracking of food products from farm
to consumer, fostering trust and reducing fraud.
"Optimizing Supply Chain Operations" Focuses on
applying techniques to optimize various supply chain
operations, including inventory management and
logistics. Demonstrates how models adapt to dynamic
environments and make real-time decisions,
improving overall supply chain efficiency.[4]

"Integrating Blockchain and Machine Learning for
Food Quality Control" Investigates the integration of
blockchain with machine learning algorithms for
quality control in agri-food supply chains. Explores
how machine learning models enhance food safety
measures by analyzing data stored on the blockchain
to identify potential risks. "Decentralized Decision-
making in Agri-food Supply Chains Using Blockchain
and AI" Examines the potential of decentralized
decision-making in supply chains using blockchain
technology and artificial intelligence. Explores how
Al-driven systems can leverage blockchain data to
optimize decision-making processes within the supply
chain autonomously. "Dynamic Pricing Strategies in
Agri-food Supply Chains" Investigates the application
of dynamic pricing strategies in agri-food supply
chains. Discusses how algorithms adapt pricing
models based on market demand, maximizing profits
while considering various constraints. "Blockchain-
based Traceability Systems in Food Supply Chains"
Provides an overview of existing blockchain- based
traceability systems in food supply chains. Highlights
the potential benefits and challenges of implementing
blockchain for traceability and its impact on supply
chain management.

[I. OBJECTIVES

This paper aims to leverage the capabilities of
blockchain technology to revolutionize agri-food
supply chains, resulting in increased efficiency,
transparency, and reliability throughout the entire
supply chain process.[4]

IV. PROBLEM STATEMENT

To create intelligent, autonomous systems that
optimize decision-making processes, enhance
transparency, and streamline operations within
blockchain-based agri-food supply chains. These
systems should ultimately contribute to increased
efficiency, reduced costs, improved food safety, and
enhanced consumer trust in the entire supply chain
process.
V. METHODOLOGY

The proposed methodology for integrating blockchain
technology to optimize agri-food supply chains is
designed to address the primary challenges of
inefficiency, traceability, and regulatory compliance.
The methodology encompasses the development of
models for decision-making optimization, the
implementation of blockchain for secure and
transparent data management, and the evaluation of
the integrated system's performance in real-world
scenarios.

The first step involves gathering real-time data from
various sources within the agri-food supply chain.
This includes data from farms, warehouses,
transportation systems, and retail points, covering
areas such as inventory levels, transportation routes,
demand fluctuations, product quality, and food safety
compliance. [3]

Blockchain technology will be used to securely store
and manage this data, ensuring transparency and
immutability. Data preprocessing will involve
cleaning, normalizing, and structuring the data to
make it suitable for blockchain storage and analysis.
The blockchain framework will also allow for the
secure sharing of data across stakeholders in the
supply chain, such as suppliers, distributors, and
retailers while maintaining data integrity and
confidentiality. This approach ensures that all parties
have access to real-time, accurate information about
the product lifecycle.

The POW mechanism of work is a fundamental
consent protocol in the blockchain system that ensures
network safety and decentralization by the need of
miners to validate transactions and make new blocks
to solve complex computational riddles. This process
begins with collecting unconfirmed transactions in a
proposed block, after which the miners try to find a

IJIRT 180395 INTERNATIONAL JOURNAL OF INNOVATIVE RESEARCH IN TECHNOLOGY 1543



© June 2025| JIRT | Volume 12 Issue 1 | ISSN: 2349-6002

non-random number processed with block data and
processed using a cryptographic hash function like
SHA-256, a result has a result that meets a specific
difficulty target. Once a valid hash is found, the block
is transmitted for verification, and if accepted, it is
added to the blockchain, the successful mining
receives a reward. This system secures the network by
making unauthorized changes computationally
ineffective and promotes decentralization by
preventing any single unit from obtaining control.
However, high energy consumption is a notable defect
due to the required calculations. The SHA-2 family
part developed by NIST plays an important role in this
process by generating a fixed 256-bit output from any
input data. As a one-way, collision-resistant hash
function, SHA-256 ensures data integrity and safety,
making it necessary for applications such as digital
signature, authentication, and blockchain operations.
Its strength and reliability reduce the effectiveness of
power and broad cryptographic systems.
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VI. RESULTS

The application of algorithms for decision-making is
expected to optimize logistics, inventory management,
and resource allocation, leading to enhanced
operational efficiency and reduced costs. Integration
with blockchain technology is expected to ensure
transparent and immutable data records, significantly
improving traceability across the supply chain. Models

are anticipated to enable real-time decision-making,
allowing systems to adapt quickly to disruptions,
changes in demand, or unexpected events within the
supply chain.

Continuous monitoring 1is expected to ensure
adherence to quality standards and regulatory
compliance, mitigating risks associated with food
safety and authenticity. The utilization of techniques is
expected to optimize resource allocation, minimize
wastage, and enhance the efficient utilization of

VIL DISCUSSION

The integration of blockchain technology holds
immense promise in optimizing supply chain
operations. Models, trained on historical data, can
autonomously  optimize  logistics,  inventory
management, and resource allocation. This
adaptability enables agile responses to changing
demands and environmental factors, potentially
reducing  operational costs and minimizing
inefficiencies along the supply chain. Blockchain's
immutable and transparent nature ensures a robust
framework for traceability. The integration allows for
seamless tracking of product movements from farm to
consumer.

Each transaction recorded on the blockchain becomes
an indisputable part of the supply chain's history,
fostering trust among stakeholders and ensuring
authenticity throughout the chain. The amalgamation
of blockchain technology represents a transformative
approach to managing agri-food supply chains. This
integration offers unprecedented transparency,
enables proactive decision-making, and ensures
compliance and quality control throughout the supply
chain. As advancements continue and industry-wide
adoption grows, this innovative framework stands to
redefine  the efficiency, transparency, and
trustworthiness of agri-food supply chains, paving the
way for a more resilient and efficient ecosystem.[4]

VIII. CONCLUSION

In conclusion, the integration of blockchain
technology into agri-food supply chains represents a
critical step toward modernizing and improving the
sector. The ability to leverage the technology not only
enhances operational efficiency but also ensures
transparency, accountability, and compliance. Moving
forward, the continued development and deployment
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of this integrated system hold the potential to
significantly shape the future of agri-food supply
chains, creating a more resilient, sustainable, and
intelligent framework for the food industry.
Furthermore, it opens the door to creating more
autonomous supply chains that are capable of adapting
to changing conditions, such as fluctuations in demand
or disruptions in logistics. As the global agri-food
industry continues to face pressure to meet growing
demand, reduce environmental impact, and ensure
food safety, this integrated approach provides a future-
proof solution that can help the sector thrive in an

increasingly complex and dynamic environment.[4]
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