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Abstract

In the global market, consumers have expectations of good quality food prod-
ucts. To provide flawless food products, traceability has become dominant
in a complex food supply chain (SC) network. Stakeholders of the food SC
hesitate to share their data with each other, as they have different business
strategies. Blockchain Technology (BCT) brings all the parties of food SC on
single platform to improve interorganizational trust. The implementation of
BCT in food SC offers the traceability of products. This paper proposes a
framework for traceability of products in food SC using BCT that offers
the consumers to trace the origin of the food products. Blockchain enhances
the food traceability, minimize the data tampering, and improves data trans-
parency in food SC. BCT enabled food SC framework has been tested using
case study of rice SC and found the enhancement in traceability.

Keywords: Blockchain technology, traceability, food supply chain,
framework.
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1 Introduction

Blockchain technology (BCT) is enormously budding technology in today’s
scenario of industry 4.0 [1]. The foremost application of BCT is bitcoin [2].
Mostly the BCT is applied in finance sector and recently the research is going
on to apply it in supply chain (SC) [3, 4]. BCT is one the most influencing
technology to the SC, as it has potential to develop trust among the various
SC partners by providing transparency, traceability, and security [5, 6]. Food
SC systems are intricate systems suffers with the issues of counterfeit and
scandals that can be overcome using the disruptive technologies like BCT to
provide a safety and quality food to the consumers [7]. SC should be such that
the product can be traceable by the consumers. There are very few systems
that provides the secured tracking of the product. BCT can provide origin of
the product. However, there are many frameworks that results into an efficient
food SC.

The goal of the present study is to propose a framework that offers a
traceability of products in food SC. A framework of BCT based food SC is
responsible for traceability of food that prevents the fraud in food products.
Real time tracking of the information of food products in food SC done using
BCT to enhance the trust of the end user.

Remainder of this article is systematized as follows. Literature review
on fundamental of blockchain and BCT enabled food SC is provided in
Section 2. Framework of traceability of food SC using blockchain is proposed
in Section 3. Section 4 concludes this study.

2 Literature Review

The aim of this study is to develop a framework of BCT for the traceability
of food SC. The focus of the literature review is to answer following research
question:

• How does the BCT influence the traceability in food SC performance?

2.1 Fundamentals of Blockchain

Satoshi Nakamoto introduced blockchain to the world in 2008. A peer-to-
peer network has been implemented in bitcoin by him [2]. In blockchain,
transaction data is documented and added in a sequential manner and stored
in a distributed database to produce eternal and immutable records [9]. BCT
is digitized distributed database consists of block in which data is recorded
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Figure 1 Representation of blockchain.

continuously. Figure 1 represented a structure of blockchain. For each
transaction a new block is created. Blocks are appended in series with each
other in chronological order. Once the transaction is recorded in block and
appended in blockchain, it cannot be altered. Various governance rules are
used to verify the transaction recorded in blocks [10].

The data transparency is the characteristics of the blockchain, as the
data in blockchain is accessible to each member in blockchain. Hence, inter
organizational trust is achieved among all the nodes. Also, the tampering of
the data, saving in time and money can be achieved, as there is no role of
third-party during transaction [11].

2.2 BCT in Food SC

Food SC consists of many distributed stakeholders. In food industry, effective
and competent food SC is needed to cope up with restrictions of shelf-life of
food [12]. The problem is that consumers who purchase the product, does
not have knowledge about the origin of the product. The aim is to provide
safe and genuine food to the consumers. BCT has a characteristic to trace the
origin of the product so that it can provide food security, food safety, food
integrity [13].

Some of the applications of BCT are seen in the retail companies like
Walmart, where BCT is used for maintaining safety of food in the SC. Also,
BCT eliminate the involvement of third party to provide transparency in
food supply [14]. Some of the benefits of the BCT based SC are showing
in Table 1.

Some related frameworks have been studied as follows:

• Chang, et al., offered a theoretical framework to offer traceability of
product [15].

• Wu et al., introduced a framework to trace online products [16].
• Malik et al., suggested that origin of food can be traced using BCT [17].
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Table 1 Benefits of BCT based SC (Source: Dutta, et al., 2020)
Benefits Details
Data management Matching of data of all the SC nodes.

Secured storage of data.
Real-time recoding of the data.

Transparency Data is visible to all the stakeholders.
Tracking of the products can be done in SC.
Analysis of information can be done automatically.

Improves response
time

Real-time data is available to all the parties of the SC enhance the
response time.

Smart contract
management

Smart contract inculcates the smart capabilities to automate the
functions in the SC.
Eliminates the need of third party.

Operational
efficiency

SC operations can be done within optimum time.
The SC system can become robust by addressing the issues on time.

Disintermediation Helps for continuous process of transactions in SC.
Increases speed
Improvement in the inter organizational trust.

Immutability All the transactions are verified using consensus mechanism.
No one can tamper the data in SC.

• Kumar et al., offered a framework to track a product for social and
economic sustainability [18].

After studying the related work, there is need to improve the traceability
of products in food SC. Hence, this study focus on the development of BCT
based food SC.

3 Framework of BCT Based Food SC

The main objective of present study is to propose a framework of BCT
based food SC, to make food industry and its SC standardize with respect
to traceability, visibility, and provenance. Blockchain is embedded in the
existing system of a particular food SC wherein its members act as nodes
communicating with each other through consensus.

Information among all the nodes is shared, distributed, and decentralized
while maintaining security throughout the SC. To deal with real time tracking
of food products in SC, the BCT enabled framework is proposed as shown in
Figure 2.

In this framework, using BCT, consumers can recognize the source of
food products and its constituents, typically after food products are found to
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Figure 2 Framework of real time traceability of food.

be flawed. A BCT enabled food SC traceability system permits a business
to file and to trace a food product via various phases and processes involved
in the manufacturing, operations, dispersal, and handling of products from
initial stage of making to final stage of consumption. Blockchain stores
information of food at each stage from source of raw material to consumer
that provides the origin of food products in food SC [19]. As blockchain
enhances the transparency, it facilitates to detect the root of defects of a
food product. Identified unsafe products can be prevented to reach to the
consumers by recalling such food products.

In external BCT enabled food SC traceability system, all food products
are to be individually recognized, and data to be published among all the
food SC stakeholders. As all the data is stored in blocks in encrypted form
and distributed among all the nodes in food SC, it is not possible to hack
and tamper the data in the BCT enabled food SC [20]. The authentication of
traceable food items can be done by using a unique code and its batch id. Once
the food product is traced externally, its inimitable code is communicated to
all the parties of the SC. In this way, the food item can be linked with the data
needed for tracing. External traceability system provides the traceability of
food product at supplier’s end as well as at consumer’s end.

In internal BCT enabled food SC traceability system, the food products
are identified from initial raw stage to final product stage. After the assembly
or processing or reshaping or repacking, a latest food product must have
separate inimitable product code. This latest food product is linked with the
all its constituent using BCT in its internal SC so that traceability of that food
product can be maintained.

4 Rice SC Case Study

The objective of this research is to find the effect of BCT on food SC trace-
ability. Hence, according to Yin (2009) case study has been chosen in this
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Figure 3 Rice supply chain.

work [21]. Food SC encompasses the flow of food product and information
from upstream i.e. farmer to downstream i.e. consumers. However, there is no
rule to identify food product for case study [22]. Accordingly, in this study,
Rice food grown in the area of Bhandata district, India has been selected for
testing BCT enable food SC traceability framework.

Rice is being grown and milled in the area of Bhandara district, India. SC
of rice is shown in Figure 3 indicates the product movements in the rice SC,
showing the participants as per their situation in the SC. The rice is supplied
from farmer to rice processor. Afterword supplies to the consumers through
distributor and retailer in various packages.

In the current SC quality of rice can be compromised due to possibility of
adulteration at various stages of SC. Most of the customer demands the good
quality of rice and requests the information includes name of breed of rice
seeds, fertilizers used, harvesting weather, quantity of rice, rice processing
conditions, date of processing and packaging, and distributors and retailer’s
data. The authenticity of the information of rice SC also needed by the end
consumers. This encourages to improve the traceability in food SC using
BCT [23]. Hence, BCT has implemented in the rice SC, so that traceability
of rice at each stage of SC can be enhanced.

Framework of BCT enabled rice SC is shown in Figure 4 indicating all the
stakeholders of rice SC have interconnected to each other using blockchain.
The data of product quality as well as transaction of rice between the two
parties has been recorded in the blocks at each stage of rice SC and then
appended in the blockchain. As blockchain has a distributed database, all the
transaction details of rice SC have been shared with all the members of the
rice SC. Moreover, all the stakeholder has been able to trace the product at



Blockchain Technology Enabled Traceability Framework 7

Rice seed 
supplier 

Rice 
Grower 

Rice Grain 
Elevator 

Rice 
Processor 

Rice 
Distributor 

Rice 
Retailer 

End 
Customer 

Blockchain 

Figure 4 Rice supply chain with BCT.

each stage of SC. To access the performance of BCT enable rice SC, feedback
from all the stakeholders have been taken. As all members have been able to
see the transactions happened among stakeholders, the response of all the
members found satisfactory. Improvement in the traceability of the rice SC
boosted the belief of the end consumers on the rice quality.

5 Implications

This study offers numerous implications to the practitioners considering BCT
in food SC. The foremost implication is that in the era of industry 4.0, because
of extraordinary characteristics BCT is in demand for the adoption in various
SC in turn food SC. Practitioners those are hesitating to adopt BCT in food
SC, can find this article useful. As food SC is a sensitive area to all the
consumers, traceability plays important role in food SC to earn the trust
of consumers on food products [24]. If any of the member of the food SC
makes fraud by tempering data of transactions, BCT keeps the record of that
transaction and publish it to all the members of the food SC so that defaulter
party can be trace down [25].

In the competitive market, many companies aim to reduce the cost of
their products. Transparency and traceability in transactions of the products
in SC due to adoption of BCT lead to find the exact price of the product [19].
However, the framework epitomizes a tactical evaluation of BCT that can be
utilized to improve the performance of SC. In this view, price of the rice at
the all the stages of SC can be known to all the stakeholders. Hence, BCT
helps to limit the exact margin in trade price to get the rice at optimum price
to the end consumers. In addition, all the stakeholders including famers gets
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the upright price of the food products. Traceability in BCT enabled food SC
supports to provide the data of the harvesting as well as processing of food
with exact date.

The proposed framework of BCT enabled food SC can trace the food
products in effective manner. Also, it assists in monitoring of the food deliv-
ery and confirms that all the members of food SC follows all the governing
rules.

6 Conclusion and Future Scope

The purpose of this article is to propose a framework that provides the
traceability of the product in the food SC network. Accordingly, the BCT
enabled food SC has been presented. This framework caters traceability
of products across food SC, real time tracking of the product, problem
detection at source, efficient product recall, provenance, provide authenticity
of the product in food SC, fraud and counterfeit detection in SC and offers
transparency in food SC. The proposed framework of food SC with BCT
has been tested by considering the rice SC. After the investigation with
all the stakeholders of rice SC, it has been found that quality of rice can
be maintained by reducing adulteration, price margin of the rice can be
control by enhancing transparency, and end users can trace the rice right from
harvesting. In this way, BCT helps to develop a food SC mechanism in which
every manufacturer and distributor can recall faulty products that protects
public from health problems. A recall is intended to remove adulterated or
misbranded food products from commerce. This framework deals with the
identification of food products using capabilities of blockchain in food SC.

BCT has an ability to change the perspective of traditional SC. In future,
BCT can be implemented in various applications. The proposed framework of
BCT enabled food SC could lead into many fascinating future research scope.
Different firms have different products and different goals. Accordingly,
scope of BCT applications will be can be varied as per firm’s strategies.
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