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Abstract: The agri-food industry’s global supply chain expansion has brought increased scrutiny to food 

safety and the need for robust quality certifications. As a decentralized and immutable technology, blockchain 

presents promising capabilities in reinforcing food transparency, traceability, and long-term sustainability. By 

enabling secure and efficient data sharing among multiple stakeholders, blockchain directly addresses the 

persistent issues of trust and visibility within complex, highly automated supply networks. This technology 

facilitates improvements across the entire chain — from farms to retail outlets — by streamlining process 

flows, reducing transaction overheads, and enhancing product traceability. Though still in an early stage of 

adoption, blockchain has the potential to revolutionize agri-food supply systems, transforming them into 

digitally driven ecosystems that are not only secure and transparent but also economically viable. This paper 

examines the key opportunities and challenges involved in scaling blockchain solutions for agri-food 

applications and evaluates its impact on the sustainability and profitability of agricultural value chains 

 

Index Terms - Blockchain technology, Transparency, Food safety, Supply chain optimization, Digital 

ecosystem, Food traceability. 

I. INTRODUCTION 

 

The agricultural and food technology sector is hindered by fragmentation across different domains, leading to 

information asymmetry and a general lack of trust among stakeholders. These challenges contribute to systemic 

inefficiencies, reduced transparency, and potential compromises in food safety. Traditional methods of supply 

chain management struggle to offer a comprehensive and unified solution to these problems. In this context, 

Distributed Ledger Technology (DLT), commonly known as blockchain, emerges as a compelling alternative. 

Its decentralized and immutable nature provides a secure foundation for transparent data sharing among all 

participants in the supply chain, addressing fundamental issues of trust and traceability 

 

II. PROBLEM IDENTIFICATION 

 

Integrating blockchain technology into agri-food supply chain management transforms conventional processes 

by enabling comprehensive traceability and real-time monitoring of food products from origin to end consumer. 

This heightened level of transparency ensures that each step in the supply chain is securely recorded, 

significantly lowering the risks of tampering, data manipulation, and loss of critical information. Blockchain 

also enhances operational efficiency by improving stakeholder coordination, reducing delays, and enabling 

rapid detection and response to issues such as contamination or spoilage. Moreover, it strengthens consumer 

confidence by offering verifiable details about the source, quality, and handling of food items. By addressing 
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vulnerabilities present in traditional systems, blockchain contributes to improved food safety, service 

reliability, and the overall resilience of the agri-food supply network. 

 

III. OBJECTIVES 

 

• Transparency & Traceability – Provide full visibility across the supply chain and enable end-to-end 

tracking of food products to identify sources of contamination and quality issues. 

• Trust & Authenticity – Build stakeholder confidence by preventing fraud, mislabelling, and ensuring 

product genuineness throughout the supply chain. 

• Operational Efficiency – Streamline supply chain activities to eliminate redundancies, reduce costs, 

and accelerate process flows. 

• Food Safety & Regulatory Compliance – Continuously monitor food quality and ensure alignment 

with agricultural regulations and industry standard Food Safety and Quality – Ensure food safety by 

monitoring the essential aspects and rapidly addressing any deviations from the required quality standards. 

• Sustainability: Reduce carbon footprints and use of water as well as source products sustainably. 

• Collaboration and Partnership strengthening – Increase collaboration and trust between participants 

of the supply chain. 

• Regulatory Compliance: Make it easy and ensure agricultural regulatory frameworks and industry 

standards are met 

 

IV. PROPOSED SYSTEM 

 

The proposed blockchain-powered supply chain system for the agro-food sector aims to revolutionize how 

products are tracked, authenticated, and exchanged from farms to consumers. This system employs blockchain 

technology to ensure that every part of the supply chain remains transparent, traceable, and secure. For 

example, farmers and consumers alike interact with a decentralized, tamper-proof ledger where every 

transaction or event—such as harvesting, processing details, quality inspections, or shipping conditions—is 

documented in real time. This enables consumers to access a complete and transparent record of the product’s 

lifecycle and verify its authenticity and quality blockchain-based apps. Beyond this, the system automates 

essential procedures, such as confirming that conditions for payment release are met, while significantly 

reducing transaction costs and streamlining payment processes. Furthermore, the system serves as a valuable 

tool for tracking sustainability indicators like carbon emissions and water consumption, laying the foundation 

for an ethical and environmentally responsible supply chain 

 

The system also enables the measurement of sustainability indicators such as carbon emissions and water 

consumption, which form the foundation of an ethical and eco-friendly supply chain model. Additionally, the 

integration of IoT sensors ensures continuous real-time tracking of storage and transportation conditions. This 

guarantees that food products maintain their required safety and quality standards throughout their journey to 

the consumer. Thanks to blockchain’s robust traceability, in the event of contamination or a product recall, 

affected batches can be quickly identified, preventing the spread of risks among customers. By promoting 

transparency, enhancing efficiency, and ensuring security across the supply chain, this solution builds trust 

among all stakeholders involved from start to finish. It also improves operational performance, reduces food 

waste, and encourages farmers to adopt more sustainable agricultural practices. In essence, this technology 

supports both consumers and farmers within the food system. Consumers become more informed and 

empowered to make healthier food choices, while blockchain offers farmers and other participants in the global 

economy the opportunity to act as responsible stewards—environmentally, socially, and economically—as 

they embrace innovative, transformative initiatives. 
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V. METHODOLOGY 

Using an end-to-end approach, the operations within an agri-food supply chain can stay transparent, traceable, 

and secure. Our system streamlines payment processes and improves information flow among key 

stakeholders—including farmers, processors, retailers, and consumers. Farmers serve as the primary source of 

raw materials in most agri-food chains, with processors often sourcing directly from local farmers. Blockchain 

technology enables the recording of inspection and quality data on a publicly accessible, decentralized ledger. 

This ledger maintains an immutable record of the raw materials’ quality and origin, providing a trustworthy 

system of quality control from the initial entry into the supply chain all the way to final delivery. Once 

processed, products are manufactured and distributed to wholesalers, with every transaction documented on 

the blockchain. Each stage in the supply chain—from farm to retailer—is tracked and updated in real time on 

this distributed ledger. Smart contracts accelerate transactions between parties by removing intermediaries and 

reducing delays. Upon reaching consumers, a comprehensive farm-to-fork report is generated, allowing buyers 

to verify the product’s origin, quality, and safety. Blockchain ensures that any fraud or inconsistencies in the 

supply chain can be quickly identified and traced. Additionally, smart contracts foster smoother collaboration 

between farmers and consumers, enhancing overall transaction efficiency. This blockchain-based system 

provides real-time data to all participants, boosting product traceability, consumer trust, and the overall 

reputation of the supply chain. 

 

VI. System Features  

The proposed system is structured around four key stakeholder modules, each contributing critical 

functionalities to ensure traceability, transparency, and operational integrity throughout the supply chain. These 

modules are designed to support the distinct roles and responsibilities of individual participants while 

maintaining secure and tamper-proof data interactions via blockchain 

1. Farmer Module :- 

The Farmer Module enables primary producers to record critical data about agricultural activities at the source. 

This includes details such as crop type, sowing and harvesting dates, farming methods, pesticide or fertilizer 

usage, and adherence to organic or sustainable practices. This module supports authenticated data input directly 

from the source, establishing the initial block in the supply chain. It ensures transparency at the production 

level, helping stakeholders and consumers verify the authenticity and origin of food products. 

 

2. Transporter Module :- 

The Transporter Module allows logistics personnel to document the movement of goods across different stages 

of the supply chain — from farms to processors, storage units, distributors, and retailers. This module integrates 

with IoT sensors for real-time monitoring of environmental conditions during transport. By enabling the 

recording of key transit data such as pickup/drop-off timestamps, GPS-based location, temperature, humidity, 

and handover verification, this module enhances traceability and accountability. It reduces risks of spoilage, 

unauthorized delays, or mishandling of perishable items 

 

3. Supplier  Module:- 

The Supplier Module is designed for stakeholders providing agricultural inputs like seeds, fertilizers, 

pesticides, animal feed, or packaging materials. Suppliers can log essential product information, such as batch 

numbers, manufacturing details, and quality certifications.  

This module ensures that only certified and verifiable inputs are used in production. It supports backward 

traceability and confirms that the origin of the food chain starts with safe, regulated materials, reducing the risk 

of adulteration or counterfeit inputs. 
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4. Consumer Module :- 

 

The Consumer Module grants end-users access to the complete history of agri-food products. Consumers — 

including individuals, retailers, or businesses can scan QR codes or access digital records to verify product 

information. 

This module promotes transparency and empowers informed decision-making. Consumers can validate the 

product's origin, production practices, transport conditions, and certifications. This fosters trust and loyalty, 

while also encouraging ethical and sustainable consumption. 

  

VII. MODELING AND ANALYSIS 

 

This blockchain-based agri-food supply chain system significantly enhances transparency, security, and 

efficiency by integrating smart contracts and utilizing the MERN stack for seamless application development. 

It revolves around five key entities—manufacturers, suppliers, transporters, customers, and the blockchain 

network—each playing a critical role in ensuring smooth and reliable supply chain operations. Manufacturers 

initiate the process by recording detailed product information such as quality, origin, production dates, and 

certifications on the blockchain, creating an immutable and tamper-proof data record. Suppliers procure, store, 

and manage inventory while continuously updating the blockchain with transaction records to prevent data 

manipulation and ensure accurate tracking. Transporters manage shipments with real-time monitoring of 

transport conditions like temperature and handling through IoT devices, logging all relevant data on the 

blockchain to maintain product quality and safety during transit. Customers benefit from full traceability, 

enabling them to verify product authenticity, origin, and quality through accessible blockchain records, which 

boosts consumer confidence and informed decision-making. The blockchain network acts as a decentralized 

ledger that removes the need for intermediaries, significantly reducing fraud and enhancing trust among all 

participants. Automated smart contracts streamline the entire transaction process by enforcing pre-set 

conditions automatically, reducing delays, disputes, and costs. Together, these elements create a robust, 

transparent, and secure supply chain ecosystem that fosters accountability, operational efficiency, and trust 

from farm to fork, benefiting every stakeholder in the agri-food industry 
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Figure.7.1. System Architecture 

 

VIII. Design & Development 

 

The consumer dashboard provides a streamlined and user-friendly interface for purchasing agricultural 

products while ensuring transparency and convenience. It features a sidebar for managing orders, tracking 

shipments, and updating account details, including payment methods and delivery addresses. The main section 

highlights "Featured Products," such as organic vegetables, free-range produce, and essential farm supplies like 

grains, fertilizers, and animal feed, with each product card displaying the name, producer, price, availability, 

customer ratings, and an option to add items to the cart. A dynamic search bar and advanced filters allow users 

to browse categories like "Vegetables," "Farm Essentials," and "Condiments," refining searches based on price, 

producer, and ratings. A recommendation engine suggests products based on past purchases, enhancing user 

engagement. Blockchain integration ensures product traceability, enabling consumers to verify authenticity 

and origin by accessing batch details and supply chain history. Additionally, secure payment gateways, order 

tracking, and personalized notifications provide a seamless shopping experience. Designed for efficiency and 

transparency, the dashboard simplifies the farm-to-table experience, fostering trust, supporting sustainable 

agricultural practices, and encouraging direct interactions between consumers and local farmers. 
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Figure 8.1. Home Dashboard 

 

Figure 8.2. Login Page 

 

Figure 8.3. Consumer Dashboard 
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Figure 8.4. Payment Page 

Figure 8.5. Order Details 

 

Figure 8.6. Add New Product 
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IX. FUTURE SCOPE 

 

As blockchain technology becomes more widely adopted, it is poised to establish a universal standard for the 

traceability of agricultural products, driving greater transparency and food safety across global supply chains. 

When combined with advanced technologies like IoT and AI, blockchain will enhance real-time data 

monitoring and boost overall productivity throughout the supply chain. Over time, blockchain could also serve 

as a regulatory enforcer, helping to ensure food security. The development of sophisticated smart contracts will 

facilitate automated processes while reducing costs, making blockchain accessible even to small-scale farmers. 

With these standards in place, consumers will have access to reliable, verifiable data, empowering them to 

make informed purchasing decisions and strengthening brand loyalty. 

Blockchain’s sustainability benefits are equally important, as it promotes environmentally friendly practices 

by minimizing waste and optimizing resource use. Furthermore, the seamless collaboration among all industry 

participants—farmers, suppliers, retailers, and consumers—will drive enhanced efficiency, resilience, and 

security within the agri-food supply chain. As blockchain adoption expands, it is set to transform global food 

systems, delivering improved safety, sustainability, and transparency for every stakeholder involved  

The Potential Future of Blockchain in the Agri-Food Supply Chain & Key Innovations to Watch This means 

once long in use, widespread blockchain will introduce a standard for the traceability of agricultural products 

leading to transparency and food safety throughout supply chains globally. Embedding blockchain with newer 

technologies like IoT and AI will improve data. Real-time monitoring and productivity in the chain of supply. 

Blockchain can further be the regulatory enforcer and ensure food security as time passes. Complex smart 

contracts are expected because they enable the automation process and diminish the cost incurred to create 

them, letting the concept reach the farming levels even at a small level. Consumers with those Standards would 

get hard concrete data, so not only them, but every individual while making a purchase now would be better 

prepared to make an informed decision, and the loyalty of the brand gets reaffirmed. The sustainability that 

blockchain brings to the equation is that it supports more environmentally friendly activities while reducing 

waste and enhancing resource utilization    

 

X. CONCLUSION 

The integration of blockchain into the agri-food supply chain gives a revolutionary way of ensuring solutions 

to major issues including. Transparency, traceability, and security concerns. A decentralized and immutably 

maintained ledger alongside smart contracts will guarantee complete chain integrity, from farms to consumers. 

In contrast, this blockchain-based platform helps optimize transaction procedures by giving ways of fraud 

prevention besides making it easy for an organization to develop confidence amongst clients through the 

generation of time-stamped and incorruptible records on real-time agricultural products. The stage involved in 

the production and harvesting process is automated using product registration, payment processing, and access 

control through smart contracts; therefore, it means efficient, secure, and transparent communications among 

all the parties interacting with each other. Further strengthening the user experience is through using the MERN 

stack for front-end as well as back-end development thus providing a seamless interface for interacting with 

the blockchain. Blockchain technology will be able to transform the agri-food sector into an efficient, 

trustworthy, and sustainable digital ecosystem. Blockchain addresses food safety and quality issues by enabling 

end-to-end products. It enables consumers with verifiable information about the food they consume. The 

blockchain system will require collaboration between private and public sectors to fully realize its full potential 

in creating a secure and transparent agri-food supply chain. 

 

 

 

 

 

 

 

http://www.ijcrt.org/


www.ijcrt.org                                                           © 2025 IJCRT | Volume 13, Issue 6 June 2025 | ISSN: 2320-2882 

IJCRT2506209 International Journal of Creative Research Thoughts (IJCRT) www.ijcrt.org b814 
 

XI. REFERENCES 

  

[1] Ibrahim,S.;Sumetha,S.;Indumalini,P.; Gupta, B.S. (2023).Agri-Food Supply Chain Using Blockchain. 

Applied and Computational Engineering,8,387-393. 

[2] J. F. Galvez, J. C. Mejuto and J. Simal-Gandara, "Future challenges on the use of blockchain for food 

traceability analysis", TrAC Trends Anal. Chem., vol. 107, pp. 222-232, Oct. 2018. 

[3] K. Salah, N. Nizamuddin, R. Jayaraman, and M. Omar, "Blockchain-based soybean traceability in the 

agricultural supply chain", IEEE Access, vol. 7, pp. 73295-73305, 2019. 

[4] H. Chen, Z. Chen, F. Lin, and P. Zhuang, "Effective Management for Blockchain-Based Agri-Food 

Supply Chains Using Deep Reinforcement Learning," in IEEE Access, vol. 9, pp. 36008-36018, 2021, doi: 

10.1109/ACCESS.2021.3062410. 

[5] Z. Li, H. Wu, B. King, Z. B. Miled, J. Wassick, and J. Tazelaar, "A hybrid blockchain ledger for supply 

chain visibility", Proc. 17th Int. Symp. Parallel Distrib. Comput. (ISPDC), pp. 118-125, Jun. 2018. 

[6] D.-Y. Lin, C.-J. Juan, and C.-C. Chang, "Managing food safety with pricing contracts and coordination 

in supply chains", IEEE Access, vol. 7, pp. 150892-150909, 2019. 

[7] C. Ganeshkumar, M. Pachayappan, and G. Madanmohan, "Agri-food supply chain management: A 

literature review", Intell. Inf. Manage., vol. 9, no. 2, pp. 68-96, 2017. 

[8] M. P. Caro, M. S. Ali, M. Vecchio, and R. Giaffreda, "Blockchain-based traceability in agri-food 

supply chain management: A practical implementation", Proc. IoT Vertical Topical Summit Agricult. Tuscany 

(IOT Tuscany), pp.1-4, May 2018. 

[9] S. A. Abeyratne and R. P. Monfared, "Blockchain ready manufacturing supply chain using distributed 

ledger", Int. J. Res. Eng. Technol., vol. 5, no. 9, pp. 1-10, Sep. 2016. 

[10] Kiran Shinde, Jerrin Andrei, and Amey Oke, Web-Based Recommendation System for Farmers, march 

2015 

[11] X. Zhang, P. Sun, J. Xu, X. Wang, J. Yu, Z. Zhao, et al., "Blockchain-based safety management system 

for the grain supply chain", IEEE Access, vol. 8, pp. 36398-36410, 2020 

[12] H. Xu, Q. He, X. Li, B. Jiang, and K. Qin, "BDSS-FA: A blockchain-based data security sharing 

platform with fine-grained access control", IEEE Access, vol. 8, pp. 87552-87 

 

 

 

 

 

 

http://www.ijcrt.org/

