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Abstract

Purpose The purpose of this article is to present the fundamental concepts, features, advantages, limitations, and possible
applications in the agri-food supply chain. Blockchain technology helps in minimizing transaction costs and time, boosting
process efficiency, and safety, including transparency, and increasing stakeholder confidence.

Methods Several scientific databases were searched with specific keywords and relevant research and review articles were
collected and reported.

Results Maintaining data immutably and facilitating speedy monitoring through all phases of the food supply chain, block-
chain increases transparency across all levels of the agri-food sector. Though the potential of the technology is proven, the
implementation faces some challenges that require to be explored further with various conceptual frameworks developed
for that purpose.

Conclusion This review explores the potential, features, and applications of blockchain technology to enable the flexible
agri-food supply chain, various conceptual frameworks developed to achieve a traceable food supply chain, and barriers

associated with the implementation of the technology.

Keywords Blockchain - Traceability - Transparency - Food supply chain - Smart contract - Digitalization

Introduction

Blockchain technology is a recently developed digital
approach under Industry 4.0 that ensures data coherence
and prevents data tampering. It was first introduced in the
finance and e-commerce sectors primarily for exchanging
values (Abeyratne & Monfared, 2016; The Economist, 2015).
The term blockchain was first coined by Satoshi Nakamoto
in the year 2008 when he created the first cryptocurrency,
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named Bitcoin, which enables transaction flexibility without
intermediaries (banks) making them more transparent and
less corruptible (Nakamoto, 2008; The Economist, 2015).
Blockchain, primarily, is a distributed database in which
transactional data or further digital occurrences can be
recorded and shared among the supply chain members
(Crosby et al., 2016). It relies on four principal components,
namely decentralization, consensus, immutability, and
democracy which make the system attractive and trustworthy
(Yiannas, 2018). It authorizes the supply chain members to
set up a decentralized agreement in an aligned occurrence
and the present position of the transactions. Also, once a
transaction is agreed upon and recorded in a block, it cannot
be altered or changed. Furthermore, it utilizes a variety of
technologies that are used in computer languages, i.e., public/
private key cryptography, cryptographic hash function, and
database technologies (Ge et al., 2017).

Agri-food sector is a diverse and complex sector offering
an extensive range of operational and process difficulties.
The sector must provide creative and sustainable options
in order to increase agricultural output and product qual-
ity as well as meet the market need of a population that
is constantly expanding (Konfo et al., 2023). Furthermore,
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according to World Health Organization, thousands of
people suffer annually because of contaminated food,
also explaining that maintaining food quality and safety
constantly creates a new challenge in the agri-food sector
(Patel et al., 2023). Moreover, foodborne illness has caused
a progressive decline in consumer faith in agri-food sector,
which has an effect on the reputation of several companies.
In order to assure the products safety and quality, consum-
ers are currently requesting additional information on food
items. Numerous studies have reported that consumers con-
sider to know the origin of food which is the most significant
piece of information. This suggests that agri-food industry
should prioritize transparency in order to satisfy customer
demand (Compagnucci et al., 2022). Food that are contami-
nated, adulterated, mislabelled, or misbranded might cause
enormous social and economic losses for the world econ-
omy; these kinds of food frauds are bought up as nuisances
since the perpetrators of these crimes typically possess a
high degree of sophistication and technical understanding,
making it difficult to hold them accountable. To overcome
the current challenges, agri-food sector should undergo digi-
tal revolution. At the initial stage, traceability is the main
component to be achieved in the agri-food and value-added
product supply chain (Costa et al., 2013). The agri-food sup-
ply chain is responsible for the circulation of products from
producer to end consumer. It is a complex system involving
numerous stakeholders such as farmers, processors, whole-
salers, retailers, and consumers. The primary function of a
supply chain is to ensure the delivery of safe and authentic
food products to the end consumer (Saberi et al., 2019). In
this context, the safety and authenticity of food and agricul-
tural products are of extreme importance. To ensure food
safety, raw material quality, and inventory control stocks,
traceability plays a major role and serves as a strategic tool
(Aung & Chang, 2014; Dasaklis et al., 2019a, b).
Considering the several limitations of the existing agri-
food supply chain adoption of blockchain technology can
provide novel solutions for ensuring food safety, security,
transparency, and traceability (Zhao et al., 2019). In food
safety, blockchain plays a crucial role in avoiding the mis-
matching of information in the upstream and downstream
processes; also, due to difficulties in real-time data collection
information, food data is difficult to detect and communi-
cate, making it extremely prone to unwanted manipulation
or destruction. Although outer label of the food contains
minimal data regarding the process, logistics, and distri-
bution of the food, this is not sufficient as consumers may
receive inaccurate data, suppliers in the traceability chain
may become untrustworthy, and the ecological equilibrium
may even be disrupted (Hong et al., 2021). So, implement-
ing block chain guarantees the food safety, and increases
the standards for government regulation to strengthen the
trust between the industry, end user, and government. This

increases the effectiveness and standard of food safety man-
agement (Lei et al., 2022). The present work describes the
basic concepts, features, and potential of blockchain tech-
nology in the agri-food sector. Furthermore, special focus
is given to the application of blockchain in the agri-food
supply chain and the barriers associated with its application.

Fundamentals of Blockchain Technology

Blockchain is a decentralized database or a private ledger
of every digital proceeding that can be performed and then
shared between blockchain participants and verified at any
point in the future (Crosby et al., 2016). It was created as a
feasible approach for maintaining a contract in an untrust-
worthy decentralized distributed system (Nakamoto, 2008).
This technology has been applied in supply chain domains
to make the network more transparent, accurate, and reliable
(Laaper et al., 2017). Blockchain, as the name suggests, is
a series or list of blocks that contain certain information
and it is secured by encryption algorithms (Al-Jaroodi &
Mohamed, 2019). Each block holds information about a
transaction. Figure 1 describes the formation and working
of a blockchain.

Blockchain is divided into three types: consortium, pri-
vate, and public. A public blockchain is a permissionless
ledger in which anybody may check the transactions and
perhaps also participate in the way of reaching a consensus.
This feature makes blockchain the most transparent, trust-
able, and secure. On the other hand, a private blockchain
is a small restricted network that has strict authorization
control in data entry and does not allow all participants to
take part in it. The presence of limited participants offers
speed and scalability to the private blockchain. A consor-
tium blockchain is somewhat decentralized version with a
group of people in an organization present on a decentralized
network. In this blockchain type, specific nodes have control
of the consensus mechanism. Among the division consor-
tium blockchain integrate effectively with the characteristics
of blockchain (Eluubek kyzy et al., 2021). Moreover, the
consortium is a hybrid form offering benefits of both public
and private blockchain such as higher transaction speed and
security. Also, the primary assumption is that consortium
does not rely in one another and most likely in a central third
party. So consortium blockchain has a huge potential and it
is most suitable for application in agri-food sector.

Aside from the fact that it is a distributed shared ledger,
blockchain is defined by three essential concepts: cryptogra-
phy, smart contracts, and consensus. These ideas are aimed
at demonstrating how implementing blockchain into the
supply chain could result in a more trustworthy and sustain-
able ecosystem chain. Within the producing supply chain,
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Fig. 1 Process flow of a typical blockchain system

transparency and traceability must be enhanced (Abeyratne
& Monfared, 2016; Caro et al., 2018).

The Rising Need for Blockchain Technology

The growing awareness among consumers has broadened
their focus towards safe, quality, authentic, and whole-
some food rather than just quantity. In the context of food
safety, WHO reports that every year nearly 600 million
people are affected by eating contaminated food and about
4,20,000 people die worldwide (Casino et al., 2020). To
avoid this, continuous monitoring of food quality through-
out the supply chain is essential. Internet of things (IoT)
applications will provide the present condition of the food,
furthermore about the contamination information through-
out the supply chain (Casino et al., 2020; Zhu et al., 2018).
Another important aspect of food and agricultural prod-
ucts is authenticity. The true value of the item will not be
known to the supply chain organizations and customers for
validation and verification when there is a lack of trans-
parency. This leads to several unscrupulous practices that
involve the substitution of high-value products with low-
cost substandard products. In some cases, this may pose a
serious threat to consumer health. Some of the examples
include the horsemeat scandal, toxic milk powder, salmo-
nella outburst in Maradol papaya, and E. coli outburst in
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to the chain

Chipotle Mexican Grill outlets (Saberi et al., 2019; Zhao
et al., 2019). Such incidences reduce consumers’ confi-
dence in the products and can cause serious damage to the
brand value of the company.

The conventional traceability systems are centralized,
monopolistic, and opaque and certainly are not sufficient
to gain consumer trust. Blockchain technology could be
an excellent solution to overcome these limitations. It
secures the data that is exchanged and creates a permanent,
shareable, and actionable record (Patel et al., 2017). This
ensures transparency and traceability which builds a better
relationship between customers and shareholders in the
food supply chain. Blockchain mainly reduces the risk, of
food fraud, cost, and product loss. Blockchain technology
is now transforming the world’s food system by providing
food safely to consumers (Wang et al., 2019). Over the
past years, almost all the countries started their research
towards the application of novel technologies in the agro-
food sector to enable transparency and avoid food fraud.

To understand the research trends in blockchain tech-
nology, the SCOPUS database was searched with the key-
words “Blockchain AND agri AND food.” Italy, India,
China, the UK, and Spain are the major players who
focused their research on the utilization of blockchain
technology in the agro-food industry. Figure 2A repre-
sents all major players and their scientific studies towards
blockchain technology. Figure 2B represents the number
of published articles in the past years.
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Fig.2 Publication trends in A
blockchain technology in the

agri-food sector. A Country- 60
wise. B Year-wise. Source:

Online SCOPUS database
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Features and Capabilities of Blockchain
Technology

Decentralization

Decentralization refers to the elimination of a central author-
ity that approves the transactions and promotes direct trans-
actions among the users. Decentralized public blockchain
assists in making decision-making transactions highly eco-
nomical (Prashar et al., 2020). This removes the information
inequality and provides equal power to all registered users in
the network (Duan et al., 2020). In a conventional food sup-
ply chain, the flow of information is regulated by a central
authority, i.e., a food manufacturer in most cases. In this
system, despite stringent laws and regulations, there is scope

2021 2020 2019 2018 2017 2016
Year

for tampering with the information. In blockchain technol-
ogy, the information records are not just made available to
the stakeholders but it needs to be verified by them based
on a consensus mechanism before being a permanent record.
The stakeholders can save a copy of this permanently which
can be accessed at any time in the future. This development
can significantly increase transparency and build trust in the
food supply chain (Yiannas, 2018).

Immutability

Immutability refers to the nature of the blockchain to remain
unchanged and unaltered. Any new information is added
in form of a block that is verified by the stakeholders and
then becomes a permanent part of chain. Each added block
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is sequentially linked with the previous block. The block
carries a timestamp and a hash value. Any tampering with
the block alters the timestamp and associated hash value
ultimately rendering the chain invalid. This prevents the
modification, insertion, or deletion of any block inside the
chain. If any error in the data block needs rectification, a
new block is added and both blocks remain as a part of the
record. Additionally, the blockchain also uses asymmetric
cryptographic hash algorithm which adds to the security of
blockchain. Contradictory to the conventional approaches,
the data in blockchain is approved and stored over a net-
work of peers, and therefore requires significant computa-
tional power to hack such large networks (Tharatipyakul &
Pongnumkul, 2021). Data associated with the authenticity of
foods, particularly high-value animal products, ingredients,
and the presence of allergens is of significance for consum-
ers. Furthermore, the transportation and storage conditions,
especially in the case of perishables, determine the shelf
life and safety of such foods. The immutability of such data
through blockchain ensures that the data cannot be falsified
and can act as evidence for different claims such as organic,
halal, and fair trade food (Kamble et al., 2020; Queiroz et al.,
2019).

Transparency

In a conventional food supply chain, the information is
controlled in a centralized manner. Although some popular
food brands have opened up information to consumers, this
information is not sufficient to gain consumer trust and con-
fidence (Yu & Nagurney, 2013). Furthermore, in the case
of certifications such as halal and organic, consumers are
willing to pay the price but in return, quality assurance and
confidence are expected which a conventional approach pro-
vides to fail. In blockchain technology, the added informa-
tion cannot be altered and is available to all peers including
the consumers. This will be useful for increasing transpar-
ency and trust among different stakeholders and importantly
consumers.

Smart Contract

Smart contracts are the contracts present in the digital form
on a blockchain that run once some predetermined condi-
tions are met. The conditions of the contract are written in
the code of the blockchain, which once met, a network of
computers executes the contract immediately. These actions
could be notification, fund transfer, registration, sharing or
transfer of keys, etc. One such example of a smart contract in
the food supply chain is explained by Kamilaris et al. (2019)
where the buyer gets automatic access to the warehouse once
the payment is verified. The main advantages of the smart
contract include high availability, low transaction cost,
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non-repudiation, and pseudo-anonymity (Dos Santos et al.,
2021). Additionally, it is rapid, requires less paperwork, and
builds trust among peers (Duan et al., 2020).

Sustainability

Social, economic, and environmental issues all have a role
in the food supply chain’s long-term viability (Wognum
etal., 2011). Food waste is a big issue that has an impact on
the supply chain (Shafiee-Jood & Cai, 2016). During out-
breaks of food-borne disease, there are several challenges
and problems in relation to the food supply chain’s sustain-
ability. Highly transparent food supply chains are required
so that the specific cause and origin of a food-borne disease
outbreak may be determined, resulting in the disposal of
just the contaminated goods. Furthermore, because technol-
ogy-enabled transparency allows for accurate and speedy
approaches to controlling foodborne disease outbreaks, one
should expect a huge depletion in healthcare expenses and
development in public food-industry surveillance.

Applications of Blockchain in the Agri-food
Sector

Blockchain implementation in the supply chain systems
improves the transparency of the entire system avoiding the
untrusted sectors in the system. This helped in the technol-
ogy’s rapid growth in cryptocurrency and other emerging
sectors (Manski, 2017; Sharma, 2017). Agri and food sup-
ply chains have undergone rapid growth with new technolo-
gies being implemented for sustainable practices (Dujak &
Sajter, 2019; Tripoli & Schmidhuber, 2018). Most of the
agricultural products are put into some multi-stage supply
chain in which customers act as the end node of the chain
(Maslova, 2017). The agriculture and food supply chain in
India is demand driven and undergo considerable levels of
production loss which requires a systematic and strategic
planning for its minimization (Patidar et al., 2018). The
focus of blockchain technology works on the collection of
data and processing of it in a trusted and organized network
in order to aid transparency over the supply chain, as con-
ventional food supply chain undergoes data fragmentation.
Thus, the application of blockchain technology in various
fields ensures a specially designed, organized, and trusted
supply chain in the food sector.

This section discusses the various applications of block-
chain technology in agriculture and the food supply chain.
Though blockchain integrated the sectors in the food sup-
ply chain, we discuss the major focus of the technology in
individual sectors.
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Agri Supply Chain

Though the application of blockchain in agriculture is still
in its introductory phase, its establishment in agricultural
production and transportation could efficiently improve
crop production and safety during transportation through
the approach of smart agriculture. A framework for the
digitalization of food production using blockchain technol-
ogy is proposed in a recent work, which is called Food-
SQRBIlock. This proposes a blockchain-based framework
to digitalize food production data through four phases,
such as production, processing, transportation/distribu-
tion, and retailing (Dey et al., 2021). In addition, ICT-
based tools and technologies such as Internet of Things
(IoT), sensors, and machine learning were studied for their
applicability and scalability in block chain based smart
agriculture by recent researchers.

Farmers’ cooperatives are a tool for developing nations to
improve their competitiveness (Chinaka, 2016). Every farmer
can gain a huge part of the crop’s cost that they grow by join-
ing cooperatives (FarmShare, 2017). FarmShare is a hybrid
food value chain that seeks to establish land proprietorship,
community collaboration, and self-supporting local finan-
cial prudence. It is an extension of the community-supported
agricultural system, utilizing the blockchain to improve com-
munity engagement while reducing administrative expenses,
decentralized consensus, token-based preferred stock, and
digital governance are being used (FarmShare, 2017).
Agriledger is another block chain based smart solution sys-
tem which utilizes a distributed crypto ledger to build con-
fidence between smaller African cooperatives (AgrilLedger,
2017). The researcher (Davcev et al., 2018) presented novel
strategies that result in recognized cooperative applications
and services between farmers as well as other chain enti-
ties inside the agro-food network. OlivaCoin is a Business-
2-Business (B2B) platform for olive oil commerce that sup-
ports the olive oil business by reducing total financial costs,
increasing transparency, and making global markets more
accessible (IBM, 2016). Furthermore, several entrepreneurs,
such as Arc-Net, Bart, Digital, Provenance, and Bext360,
help small farmers by providing technologies that improve
product traceability. Recently, the Soil Association Certifi-
cation teamed up with Provenance to test technologies that
monitor organic food’s journey (Soil Association Certifica-
tion, 2018). By utilizing blockchain, farmers (i.e., coopera-
tive members) might benefit from insurance policies that pro-
tect them from unexpected weather conditions which impact
their crops, as well as other hazards such as natural calamities
(Jha et al., 2018). Block chain can also effectively be used to
regularize the process of supporting farmers droughts, floods,
and other severe weather events that overwhelmed their crops
under the ARBOL initiative, which is based on personalized
agreements (ArbolMarket, 2019).

Smart greenhouse models enabled with IoT-based remote
monitoring and automation are becoming popular in agricul-
ture. However, due to their large-scale disseminating nature,
these models lack privacy and security. Integration of block-
chain with a smart greenhouse is reported to enhance the
security/privacy and prevent single point failure to improve
overall efficiency (Patil et al., 2017). In another work, a
smart greenhouse with IoT and deep learning is integrated
with blockchain technology. This technology successfully
allowed the integration of various data (sensor-collected
and manually entered) from multiple sources which can be
shared among its stakeholders. This approach allows to rec-
ollect all data related to the crops by calling out different
stakeholders of the blockchain. Additionally, it enables sav-
ing and maintaining the data in irreversible way, remotely
executing decisions which further results in improved pro-
ductivity and reduce the cost (Frikha et al., 2023). Digital
democratization of agriculture using blockchain-based elec-
tronic agriculture also enhances the efficiency of production,
boosts the income, reorganizes incentives, and addresses the
needs of the agricultural community (Chen et al., 2020).

Food Processing

Traditional food production systems are generally centralized
and have trust related concerns, as it has the possibility of
falsifying information. Food safety is primarily associated
with the raw material quality, processing conditions,
and maintenance of hygiene. In case of food processing
operations dealing with large sample volumes, a small error
in any of the processing unit operation or data communication
can lead to the failure of whole batch. Blockchain technology
is useful in the intelligent and in-process collection of data
related to the such quality and safety of foods within food
processing line and share it among the stakeholders (Yiannas,
2018). Once this data becomes a part of the blockchain
record, it cannot be altered which ensures the food safety and
builds the confidence among the consumers. Additionally, it
strengthens the food traceability and smoothen the food recall
in case of any food safety incident. Blockchain systems also
have the flexibility of associating the authorities (including
government agencies) involved in ensuring food safety and
keep effective control over food quality (Xu et al., 2022).

Blockchain integrated with IoT systems is proved to be
the efficient approach for the real-time monitoring of qual-
ity-related information using sensors, based on which it
creates secure blocks and transactions (Casino et al., 2020;
Rejeb, 2018). Thus, adjusting the frequency of transactions
and identifying the heavy processes will help control the
transaction fees (Longo et al., 2020).

Adamashvili et al. (2021) have proposed a model for the
application of blockchain in the wine supply chain. In this
study, the blockchain implementation strategy was presented
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focusing on predicting the quality of wine based on the vari-
ety, maturity, origin, treatments undergone, crushing quality
and method, utensils used, method of packaging, storage
condition, temperature, transportation, and so on (Novikova
& Naumova, 2020). Members/participants of the blockchain
have a set of rules that will be followed during the validation
of the nodes and transactions, which brings trust towards
the system and the members. The conceptualization of the
blockchain framework for the wine supply chain starts from
the vineyards. The main component of a good wine is its
main ingredient, which is grapes in this case. Initially, the
climate and geographical conditions will be fed into the
blockchain system. Producers are key players in the harvest
and delivery of the product. During the harvest, producers
will check for the quality of the grape and will represent the
quality of grapes with different indications. The wine man-
ufacturer will collect the data on the variety/quality (from
farmer), supplier information, processing conditions, and
physicochemical quality. From the manufacturer, the prod-
uct moves to the wholesaler who is responsible to collect
the final product and supplies to the retail stores and col-
lects the data of the same, and uploads to the system. The
details collected are linked into the distributed ledger so the
end-users can get access to all the information. Proper vali-
dation of information by all the actors in the supply chain is
neceaasary to track back the history in case of an outbreak.
The proposed blockchain framework for the wine supply
chain The author has also developed a simulation roadmap
for this technology, which can be used for the selective re-
call of low-quality products from the market.

Food Supply Chain Management

Blockchain technology might be used as a credit evaluation
tool to improve the efficiency of food supply chain monitor-
ing and management. It might even be used to increase the
surveillance of international agricultural agreements, such as
those negotiated by the World Trade Organization and the
Paris Climate Change Agreement (Tripoli & Schmidhuber,
2018). For example, AgriBlocklIoT (Caro et al., 2018) is a
completely decentralized, blockchain-based solution for agri-
food supply chain management that can seamlessly connect
IoT devices that generate digital data throughout the chain.
Davcev et al., (2018) conducted a similar research by integrat-
ing IoT sensors and cloud technology which were put forward
for the administration of a grape estate close to Skopje, North
Macedonia. Pinna and Ibba (2018) found that blockchain-
based contracts can help to prevent labor exploitation in agri-
culture by safeguarding employees with temporary agree-
ments and employment agreements. It will be trouble-free
for authorities to ensure honesty in settlement and tax collec-
tion when labor agreements are included in the blockchain.
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Coca-Cola has tried to identify forced labor in the sugarcane
sector using blockchain (Gertrude Chavez-Dreyfuss, 2018).
Advanced deep learning (ADL)-based techniques
assisted IoT-block chain platforms in the food supply chain
to broaden the visibility with improved feasibilities of digi-
talization and provenance in the food sector. ADL-based
predictions could help to make industrial policy decisions
(Khan et al., 2020). Blockchain can also provide a feasible
framework to monitor the industrial supply chain traceability
in food industries. This would help protect processed foods
from any vulnerable health hazards. The application of BT in
a dairy supply chain is said to improve product counterfeit-
ing and enhance trust in the industry (Shingh et al., 2020).
An information management system for poultry based on
BT has been developed which consists of the nodes at which
the recordings of information in poultry rearing are done to
identify the contaminated products (Ibrahim et al., 2021).

Food Quality Monitoring During Transportation
and Storage

Food security is defined by the Food and Agriculture Organ-
ization (FAO) as a scenario in which “all people, at all times,
have physical, social and economic access to sufficient, safe
and nutritious food that meets their dietary needs and food
preferences for an active and healthy life.” In emergen-
cies such as violent political, natural disasters, and ethnic
conflicts, achieving this goal has proven exceedingly dif-
ficult. Blockchain is viewed as a tool to make international
aid more transparent, remove middlemen from the distri-
bution process, make data and goods traceable and avail-
able, and potentially manage more quickly and effectively
during humanitarian crises. To give an example, digital
food vouchers were provided to refugees of Palestinian in
Jordan’s Azraq camp through an Ethereum-based block-
chain (UNWFP, 2017), where the vouchers can be spent
using biometric data (Blockchain for Zero Hunger, 2017;
Built, to adapt, 2018).

Food quality control has been more complicated as for-
eign trade flows have increased (Creydt & Fischer, 2019).
According to the Centers for Disease Control and Preven-
tion (CDC), food adulteration makes 48 million Americans
sick each year, with 3000 deaths (CDC, 2018), (Tripoli &
Schmidhuber, 2018). Oceana conducted a study on sea-
based food fraud in 2016, finding that one-third of seafood
is (Sealed) and labeled improperly (Oceana, 2013). Walmart
and Kroger became the first organizations to adopt block-
chain and integrate it into their supply chains (CB Insights,
2017), focusing on case studies using Chinese pork and
Mexican mangoes at first (Kamath, 2018). Initial findings
from the studies indicated that traditional techniques took
nearly 6.5 days to find out the source and journey of a box
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of mangoes from the shop to the farmland where they were
cultivated, but blockchain provided the same data in just a
very few seconds (Wass, 2017). It was recently proposed
to integrate blockchain with the IoT for real-time tracking
and tracing of physical information based on the HACCP
(Tian, 2017). It is especially important for preserving the
cold chain delivery of perishable food goods. In particular,
ZetoChain uses IoT sensors to monitor the environment at
every step in the cold chain (Zeto, 2018).

The application of blockchain technology in improving
food supply chain traceability is presently evolving, as it is
essential to adopt the technology in a supply chain involving
several stakeholders. Though an integrated blockchain sys-
tem in a food supply chain is not established commercially
yet, there are several proposed prototypes to ensure better
traceability which could represent the potentiality of imple-
menting blockchain in food supply chain along with product
identifiers. These types of prototypes help in capturing the
data across FSC, segregating and processing it through a
food quality index (FQI) algorithm to generate an FQI value
that represents the quality of the food at any point in the sup-
ply chain (George et al., 2019). Applications of BT-based
multimode sensors for quality monitoring in cold storage
have been studied by Feng et al. (2020) which collect the
microambient changes in the environment and thus predict
the quality of stored shellfish with improved information
transparency.

The role of blockchain implementation also has the
potential to track and measure the carbon footprint of a food
supply chain in food processing facilities with a significantly
larger number of nodes (Shakhbulatov et al., 2019). Though
the proposed approaches are studied for their feasibility for
establishment in FSC, the future requirements need to be
addressed while establishing it on a large-scale supply chain
network.

Food Integrity

The safe interchange of food across the supply chain is
referred to as food integrity. Every participant must dis-
close exact information about the origin of products. Food
manufacturers might utilize the blockchain to tackle fraudu-
lent activity by spotting and tracing outbreaks back to their
source as quickly as possible (Levitt, 2016). According to
a current estimate, the value of food traceability by 2019
would be $14 billion (MarketsandMarkets Research, 2016).
Various organizations, including start-ups, are utilizing
blockchain to improve the food supply chain’s integrity. Car-
gill Inc., an agricultural corporation, seeks to use blockchain
to allow customers to track their turkeys from the depart-
mental store to the farm where they grown-up (BUNGE,

2017). In a recent blockchain trial, turkeys and animal wel-
fare were taken into consideration (Hendrix Genetics, 2018).
Carrefour, a European supermarket chain, is implementing
blockchain to verify food regulations and track origins in a
variety of categories, including meat, fruits, seafood, dairy,
and vegetables (Carrefour, 2018). Downstream beer (Ire-
land Craft Beers, 2018) is the primary organization there
in the beverage industry to employ blockchain technology,
which reveals complete information about the beer, includ-
ing its ingredients and brewing techniques. As an assurance
of transparency and authenticity, each aspect of their crafted
beer is documented and uploaded on the blockchain. Con-
sumers scan the QR code across the front side of the bottle
with their smartphones and be brought to an internet site in
which they can learn about everything from the base ingre-
dients to the bottling process. Some of the other industrial
applications which are utilizing blockchain technology into
their supply chain are listed in Table 1. A sustainable block-
chain framework has been recently proposed by Ali et al.
(2021) for the halal food supply chain to enhance integrity
of SC. It comprises of several challenges that are vital to
small- and medium-scale enterprises in halal food supply
chain blockchain implementation.

Challenges and Research Directions
Integration with Existing Systems

Implementing block chain in various sectors of the agri-food
supply chain enables improved transparency and real-time
data-sharing capabilities. However, integrating this tech-
nology into the supply chain has several critical behavioral
barriers in terms of performance, social influence, condi-
tions, behavioral intention, expectation, and trust. Regula-
tory ambiguity, lack of consistent guidelines and processes,
privacy concerns, financial constraints, and knowledge gaps
are some of the challenges in the blockchain. The central-
ized oversight structures of current information-sharing
platforms as well as supply chain management also need to
be restructured to fully realize the potentially transforma-
tive effects of BT in the agri-food supply chains (Fortuna
& Risso, 2019). To overcome the abovementioned barriers,
industries can cope up with the following: creating inter-
nal budget and internal sponsorship, creating strategy for
bottom up information, seeking help from external advisors
(consulting services), restructuring and educating existing
units of organizational policies, scheduling in-house train-
ing, resource relocation, and integrating with the existing
systems by taking proper with external advisors.

@ Springer
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Table 1 (continued)

18

~
<)
Q
=)
Q
<
g
<
=
©n
—
<
=]
=
o | M
Q
=
o | o
= | =
S| s
S
2|2
|
=
=]
Q
8
=
3
2
Q
(]
v
()
=
=
S
o | S
'58
E| 3
ol =
2| =
51 o
< | =
»n | =
—
<
=
.20
kS|
el
=
o
e}
bl
el
= | g
:Léd.)
g%
.v—qm
ol 8
= I
212
g o
- &)
j22)]
=
v
w
2
Q
<
RS
g
=
5 &
8
e
H-‘H
~| E
L1 o
| =
=
Q
=
=
o
@]
=
o
£
o | &
Eg
N
=
£l &
Sl =
S| =
8| =
21 %
e | =
Al B
>
=
S
=)
i}
< | =
o | '3
2| E
o)
5| =
ST ¥

Springer

database that improves stake- lize technology to reassure the

holders’ and end customers’

supply chain, it has created a

(MPOC) and BloomBloc

public about the commodity’s
long-term sustainability

blockchain-based mobile appli-

cation and a web service
Each tree, adds extra information

teamed together to use block-

transparency, reliability, and

trust

chain to increase transparency

and traceability in the palm oil

industry

from other checkpoints and

is put into the system using a

smartphone

The rice value chain’s activi- Accessibility is a significant (Kumar & Iyengar, 2017)

The rice quality during shipping  Supervision and management

Rice

issue, as is a lack of knowledge
among authorities and technical

experts

ties were also recorded using

blockchain, assuring the safety,
and purity of rice along with

the shipping activity

Data Handling and Computational Resources

A barrier in implementing blockchain was anticipated to be the
expense of computation and censoring the equipment necessary
to run the entire network. The adoption of blockchain can neces-
sitate extensive organizational and product modifications, which
would cost a lot of money and effort (Tharatipyakul & Pong-
numkul, 2021). The adoption of blockchain technology might
be hampered by the expense of implementation. Investing vast
amounts in computer technology may be the present problem for
developing nations. Since the technology is at the birth phase, it
is not fully developed and often requires trial period. To tackle
the difficulties, industry can establish partnership and true rela-
tionship with the other companies, adopting part of the supply
chain and consider scaling broader later based on the require-
ments; furthermore, partial supply chain scope simplifies initial
adoption. Also, without any assistance from any third party, the
blockchain handles all aspects of data storage and protection.
Thus, the security of the data depends on the mechanism on
blockchain technology. As the data is stored over a network, no
specific data storage server is required (Li et al., 2019).

Unique Skill Set Requirements

Since the technology is new, there is a lack of technical
expertise and a shortage of developers, so the technology
hampered in its adoption (Motta et al., 2020). Many stake-
holders lack knowledge of blockchain technology’s benefits
and have outdated perspectives. The education and expertise
needed by many stakeholders to deploy a blockchain-based
application may be lacking (Demestichas et al., 2020). The
learning environments are still insufficient. For a small food
firm, establishing and using such a system is not trivial.

Consumer Perception

Although emerging technologies increase transparency in
food supply chains, several issues concerning technological
acceptability by consumers and stakeholders remain unan-
swered. Lack of public awareness will lead to unfavorable
perceptions of the technology. During outbreaks of food-
borne disease, public perception and acceptability would be
more crucial to consider than transparency-enabling tech-
nology. The benefits of transparency-enabling technology
will be apparent to consumers, especially in the food supply
chain, since they will have more access to information on
food production (Astill et al., 2019). Another worry from
the consumer’s point of view is, if the consumer is prepared
to spend more money for much more transparency in food
items. Since blockchain is in the early stage, it will take a
decade for the full-fledged implementation in the agri-food
sector. Proper knowledge about the technology should be
fed to the consumers.
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Conclusion

In this manuscript, the implementation of the novel blockchain
technology in the food industry and its uses in food supply chain
management were presented. The rise of blockchain-based sup-
ply chain management is highlighted, which allows the devel-
opment of shared, secure, decentralized ledgers, autonomous
digital contracts (smart contracts), and trustworthy and protected
networks. It also makes p-p transactions easier by lessening the
involvement of brokers (intermediaries) in the system. As dis-
cussed, earlier blockchain technology will not only help to uplift
the consumers, producers, and the supervision department, but
it helps in uplifting the efficiency of the agri-food supply chain
system by enabling its transparency. Certain standards will need
to be met when technology penetrates food supply chains, result-
ing in more transparency. Even if IoT or blockchain-enabled
systems are the most successful alternatives, food supply chains
must employ cost-efficient techniques; elevated expenditures
linked with this technology must be minimized, and enhanced
transparency that results must contribute to revenue growth.
Apart from the research requirements for commercializing
a blockchain framework in an FSC, optimizing the granular-
ity level of traceable units is also important which potentially
describes the effectiveness of a blockchain architecture. When
executed, technology-enabled transparency measures should
minimize operational risk in the food supply chain while also
ensuring data integrity, minimizing cybercrime, and safeguard-
ing shareholder data. As this will speed up operations and
cut processing times, transparent food production systems must
allow for quick data exchange between stakeholders. This tech-
nology should also ensure that all parties involved comply with
newly enacted rules and regulations. Furthermore, as indicated
by the incorporation of new origins of data and technology as
they become accessible, technology-enabled food manufacturing
techniques should change over time. Even though transparent
food production systems face several challenges and issues, the
implementation of these technological advancements has the
potential to make food production and supply chain transparent.
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