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Abstract—A blockchain-based food supply chain system 

improves transparency, security, and traceability by 

solving the shortcomings of traditional supply networks, 

such as a lack of verified authenticity and consumer 

trust. The solution employs blockchain's immutable 

ledger and smart contracts to simplify compliance, 

improve data integrity, and enable real-time product 

tracking. QR codes allow customers to verify food 

provenance, while stakeholders benefit from increased 

efficiency and fraud protection. This system improves 

supply chain stability, minimizes counterfeiting, and 

establishes a credible, verifiable organic food network. 

 

Index Terms—Supply chain management, blockchain, 

traceability, organic food, smart contracts, data 
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I. INTRODUCTION 

 

The Ledger for Food, also known as the pure chain 

ideal, advocates for a sustainable, naturalistic system 

that employs no costly inputs or artificial chemicals 

and replenishes the soil in proportion to its depletion. 

The growing population involves careful 

consideration of how to best employ the agricultural 

sector to meet our basic requirements. Increased 

agricultural output can contribute to food security. 

Any food industry or company that cares about its 

customers' health must ensure food quality and 

nutritional considerations. Food security is the goal for 

feeding the world's rapidly rising population. In a safe 

food network system, consumers must be informed 

about the food's production process and raw 

ingredients [10, 11]. 

 

Tracking the raw ingredients and processing 

techniques of each product is one of the most effective 

strategies to build a safe food system in our country. 

Furthermore, all partners in the organic food supply 

chain are required to exchange product information 

with one another [12]. Lack of traceability, difficulty 

maintaining product safety and quality, lack of 

communication among supply chain participants, 

inability to track product origin and processing 

method, and lack of transparency are just a few of the 

issues that arise in the traditional supply chain [3, 12]. 

Blockchain technology can help us tackle this 

problem. The most recent technology that works 

effectively in this case to address the problem with the 

traditional supply chain structure is blockchain. FSC 

networks can use blockchain technology, a 

decentralized database that allows for transparent, 

secure, and auditable append-only transactions [3, 13]. 

 

II. PROBLEM STATEMENT 

 

Customer demands for open and sustainable food 

sourcing have exposed significant operational gaps in 

today's supply chain dynamics. Traditional food 

supply chains confront a slew of operational issues, 

including fraud mixed with ineffective traceability 

technologies, wasteful document storage, and invisible 

origin monitoring. Consistent inefficiencies in the 

system breed consumer distrust, increase the 

likelihood of dangerous or fake items, and complicate 

regulatory standards compliance [3, 12]. 

The complexity of organic food supply chains, which 

include farmers, suppliers, distributors, and retailers, 

exacerbates these challenges. A fragile and confusing 

tracking system for food products along the farm-to-

table journey impedes authentication verification, 

jeopardizes quality assurance and safety requirements, 

and undermines customer trust [10, 11, 12]. 

The integration of blockchain technology exposes 

itself as a viable answer to existing difficulties. A 

blockchain-based system provides end-to-end 

traceability due to its immutable ledger, decentralized 

design, and smart contracts. To address supply chain 

problems, blockchain technology will be used to 

create an organic food traceability system that fosters 

trustworthy relationships throughout the supply chain 

[3, 13]. 
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III. SOLUTION DOMAIN 

 

Blockchain technology is required in the organic food 

supply chain to build a fully transparent and reliable 

information tracking system. This solution domain's 

technological integration efforts are fundamentally 

focused on providing end-to-end visibility while 

ensuring data security and stakeholder confidence.  

  Blockchain Integration: By creating a permanent 

decentralized database, blockchain technology allows 

for the secure   tracking of food goods from inception 

to delivery. Solidity programs designed as smart 

contracts strive to automate critical procedures while 

retaining reliability by eliminating human error. 

  Back-End Development: Python, Node.js, and 

Web3.py serve as the foundation for linking 

applications to blockchain networks. The system 

provides consistent data tracking, which manages all 

activities efficiently and produces accurate results.  

  Front-End Development: The user interface is 

intuitive and accessible on all platforms, thanks to 

HTML, CSS, JavaScript, and Bootstrap. This interface 

allows stakeholders to enter and view supply chain 

data in real time. 

  Wallet and Testing Tools: While MetaMask and 

other digital identity management tools have helped 

stabilize cryptocurrencies, developers can use the 

Ganache Software platform to simulate blockchain 

technology.  

  Data Traceability Framework: The system 

implements an organized framework which tracks and 

authenticates every supply chain transaction from 

production through processing distribution to retail on 

the blockchain network. Fully transparent and 

authentic food products result from this system. 

  Scalability and Compatibility: The platform 

possesses scalable design elements which enable the 

integration of various stakeholders while adjusting to 

increasing organic food market requirements. The 

solution operates with Industry 4.0 technology to 

make it compatible with IoT devices and 

contemporary advanced system requirements. 

Through their combined use these technologies 

facilitate the development of a trusted organic food 

supply chain which both prevents fraud and ensures 

consistently reliable service. 

 

 

 

IV. BACKGROUND 

 

A. Distributed Ledger Technology  

The implementation of Distributed Ledger 

Technology (DLT) for supply chain traceability 

creates transparent and trustworthy data through its 

building structure. Through Distributed Ledger 

Technology data storage distributes across multiple 

system nodes in order to stop any single network 

location from controlling all available information. A 

dependable technological system eliminates 

conventional middle entities while protecting data 

against manipulation because transactions remain 

permanent on an indestructible record system. 

Through DLT the system successfully builds a 

trustable network able to confirm both the origin and 

quality of organic food products immediately. This 

system enables vendors to enhance data integrity with 

Distributed Ledger Technology and achieve product 

visibility while building trust with consumers through 

verifiable sources of data thus advancing security 

operations throughout the supply chain. Due to its 

decentralized database structure Distributed Ledger 

Technology erases dependency on middlemen and 

ensures immutable record storage for trusted 

transaction processes. Real-time verification of 

organic food quality and origins becomes possible 

through the implementation of DLT which develops a 

secure verification platform. Through this system 

supply chains achieve better efficiency and security 

and consumers gain confidence through transparent 

product information verification. 

 

Figure 1:  Distributed Ledger Technology 
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Distributed Ledger Technology Architecture: 

The architecture design of distributed ledger systems 

appears in this visual representation. 

 

Decentralized Database: Multiple actors among 

businesses and banks to manufacturers and individuals 

make up the shared ledger system. 

 

Interconnected Network: Each node both stores an 

identical version of the ledger and uses consensus 

procedures to keep all transaction information in sync. 

 

Trustless Transactions: The network verifies and 

approves ledger transformations autonomously 

because it operates without central direction. 

 

Security and Transparency: Through its distributed 

network participants maintain clear visibility while 

protecting transaction data integrity and reducing 

potential fraud incidents. 

 

The platform enables blockchain functionality to 

power supply chain tracking and cryptocurrency 

system 

 

B. Real-Time Traceability and Verification 

The project requires vital verification and real-time 

traceability  

function to create a higher operational effectiveness 

and reliability in organic food supply chain processes 

in this framework. Every movement of organic food 

products receives real-time tracking throughout the 

supply chain through Distributed Ledger Technology 

(DLT) in blockchain. All stakeholders in this system 

including producers and consumers plus distributors 

and retailers obtain instant access to secure 

information about product origin points and supply 

chain activities. The system achieves real-time 

traceability to reduce record-keeping time delays 

along with preventing fake as well as improper 

products from reaching markets. Real-Time 

Traceability enables instant access to quality 

assurance certificates and organic standard 

compliance thus establishing transparency and 

building trust within the organic food market. 

This is a brief synopsis of the Technologies Used.  

  Python (Backend Development): Provides basic 

controls together with straightforward data 

management capabilities. Supports blockchain 

integration via libraries like Web3.py. Ideal for rapid 

prototyping and efficient development. 

  Node.js (Backend Development): Asynchronous, 

event-driven platform for scalable applications. 

Through this development method developers can 

easily construct applications via JavaScript 

implementations for both their front-end and back-end 

needs. 

  Solidity (Smart Contracts): The programming 

language Solidity serves as the building block for 

creating Ethereum smart contracts. The system 

provides transparent blockchain transaction 

processing along with strong security authentication. 

  Flask (Web Framework): Seamless set-up along with 

flexibility and lightweight performance define this 

system. The framework provides built-in support for 

RESTful APIs that enables smooth communication 

between user interfaces and server interfaces.  

  HTML, CSS, JavaScript, and Bootstrap (Front-End 

Development): 

HTML: Provides web page structure. 

CSS: Styles web pages for better user experience. 

JavaScript: Adds interactivity and dynamic updates. 

Bootstrap: Ensures responsive design across devices. 

 

  Ganache (Blockchain Simulation): Ethereum 

simulator enables developers to perform tests on 

blockchain applications. RPC functions with 

deterministic elements create a development-friendly 

framework through integration. 

 

  MetaMask (Wallet Integration): Chrome extension 

for secure Ethereum wallet management. Users can 

utilize full network support in this tool to access both 

decentralized applications and multiple Ethereum 

systems. 

 

  Visual Studio Code (Code Editor): Feature-rich 

editor with support for extensions and integrated 

terminal. Enhances productivity and collaboration. An 

efficient secure blockchain-based organic food 

traceability framework emerges from combined 

technological integration which provides friendly user 

capabilities. 

 

V. LITERATURE SURVEY 

 

The section explores recent blockchain technological 

progress and its adoption for food supply chain 
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traceability alongside enhanced transparency and 

security protocols. A variety of blockchain 

frameworks combines with smart contracts and 

decentralized platforms and secure wallet integration 

elements to optimize food supply chain management 

according to the research. Multiple studies provide 

foundational themes about blockchain functions to 

enhance sustainability and prevent fraud and build 

trust for consumer and stakeholder communities. 

[3,12,13] 

 

i. Exploring Blockchain-Based Traceability for Food 

Supply Chain Sustainability: Shoufeng Cao, Hope 

Johnson, and Ayesha Tulloch present in their paper a 

framework which demonstrates how blockchain 

technology can improve the sustainability of food 

supply chains. Alongside education it stresses 

consumer communication and transparency. The 

research study examines existing papers to discover 

gaps while presenting an implementation approach for 

blockchain technology which enhances trust and 

dependability alongside traceability within food 

supply chains [13]. 

 

ii.Organic Food Supply Chain Security Using 

Blockchain: Through their paper Ashish Singh and his 

coauthors Prashant Kumar Kaushal and Kakali 

Chatterjee demonstrate blockchain security solutions 

for organic food supply chains. The research approach 

combines risk management strategies alongside 

techniques that ensure data transparency and both 

security and integrity across the system. Research 

findings indicate that implementing blockchain for 

food supply chains enables complete transparency and 

fraud reduction which establishes trust between 

stakeholders and consumers [3]. 

 

iii.Blockchain-Based Frameworks for Food 

Traceability: The study of Rizwan Matloob Elahi 

together with Lincoln C. Wood and Alaa El-Din 

Ahmed Bekhit focuses on blockchain-based 

frameworks for elevated food traceability. The 

researchers provide a well-developed methodological 

evaluation of computer models which address major 

obstacles encountered in food supply chain operations. 

Both authors argue for using blockchain alongside 

Industry 4.0 features to create better food tracking 

systems that are less expensive and operate better. The 

paper acknowledges scalability limitations and 

adoption barriers but maintains that blockchain 

technology promises substantial changes to the food 

system [12,13]. 

 

iv.A Review on Blockchain-Based Traceability in 

Organic Food Supply Chain: The article by Arfin 

Nassar and EA Fathimath Sadiya together with 

Fathima Mohammed and Hajira Mol KN examines 

blockchain applications within the organic food 

industry based on previous research. This research 

analyzes real-world examples to demonstrate how 

blockchain implementation brings improved security 

oversight and clear visibility along with heightened 

trust in transactions. The authors find blockchain 

provides full visibility throughout supply chains along 

with solutions to fight food fraud and ensure safety 

[3,13]. 

 

VI. METHODOLOGY 

 

A. System Architecture 

 
Figure 2:  System Architecture 

By using decentralized, unchangeable records, the 

blockchain-based food ledger system guarantees total 

traceability from production to consumption. The 

components of the system architecture include:  

 

    Stakeholder Identification: Important players 

include farmers, distributors, retailers, and customers. 

Every stakeholder contributes to data entry and 

verification. 

 

    Blockchain System: For data protection and 

controlled access, a permissioned blockchain—such 

as Hyperledger Fabric, Ethereum, or Corda—is 

chosen. 
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    IoT and Data Integration: IoT sensors capture real-

time temperature, humidity, and location data across 

the supply chain to assure food safety.  

    Smart Contracts: Automated contracts assure 

compliance with food rules, verify data accuracy, and 

alert for safety violations. 

 

    User interfaces: Dashboards and mobile apps can 

be used by stakeholders to monitor food goods, while 

consumers can scan QR codes to verify product 

history.  

 

B. SYSTEM FLOW 

 

Figure 3:  Flow Chart 

   Data Gathering and Labeling: Food products are 

assigned a unique blockchain identity by barcode or 

RFID tags.Dates of packing, farming methods, and 

transportation information are recorded. 

 

    Blockchain Validation & Transactions: 

Transactions are tracked on the blockchain at every 

step (harvesting, processing, packing, and delivery). 

Every transaction is encrypted, connected to earlier 

entries, and verified using consensus processes. 

 

    Execution of Smart Contracts: Smart contracts 

verify sensor data and enforce traceability regulations. 

Stakeholders are informed of anomalies (such as 

temperature variations during transportation) by 

automated warnings. 

    Customer service: To ensure transparency and 

confidence, consumers use a smartphone app to scan 

product QR codes and obtain a comprehensive history 

of the food item. 

 

 

VII. RESULTS 
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VIII. CONCLUSION 

 

The Food Ledger Pure Traceability System using 

Blockchain delivers decentralized system execution 

through blockchain technology in its operations. 

Blockchain technology applications control efficiency 

inside the organic food supply chain operations. The 

system serves two core functions to confirm both 

product quality and authenticate source origins. 

Through blockchain's decentralized system enabled by 

its technology the project builds an open truthful 

system to track organic food items between their 

origin point and consumer's final   possession.  

Blockchain   technology ensures enhanced  

security for supply chain operations. Secure operations 

emerge through implementing blockchain core 

functions of decentralization and immutability within 

the project framework. An internal system of 

blockchain technology delivers data integrity 

protection by automatically defending against 

modification attempts and financial fraud attempts. 

Supply chain security obtains major benefits from 

smart contracts through their capacity to authenticate 

data and preserve its integrity throughout blockchain 

systems. Predefined rules programmed into contracts 

provide automated execution for better risk 

management within the system. Blockchain 

technology protects all transactions with robust tamper 

detection mechanisms designed to preserve complete 

integrity of all digital records. The project integrates 

quality assurance certificates which allow customers 

to verify authenticity together with quality certificate 

guarantees. Quality assurance certificates operate as 

authentication proofs creating a trustworthy 

foundation for customers to verify product 

genuineness. Customers can confirm both the natural 

veracity of their purchases and their advanced quality 

standards by reviewing quality assurance certificates 

on the system. Operating users in the supply chain can 

trace entire product movements through the 

blockchain system's operational features. Users can 

track raw material sourcing events alongside 

validating production workflows through the system.  

Through its tracking functions the system logs raw 

materials from their initial sources all the way to 

production operations and confirms the authentic state 

of completed products. Organizations implementing 

enhanced transparent systems gain better visibility 

within their supply chain that helps reduce stakeholder 
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uncertainty. Blockchain technology delivers 

advantages to organic food supply chain systems 

through a creative implementation showcased in the 

project. This system builds an encryption method that 

enables complete transparency alongside immutable 

features useful for all stakeholders. Blockchain 

technology at different points of the supply chain 

system relies on both absolute trust and reliable action 

between participants and authentic material standards 

therefore ensures adequate quality thresholds. 
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