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Abstract. This study presents a scoping literature review, supported by the bibliometric tools, of blockchain technology’s ap-
plication within agri-food supply chains, highlighting its transformative potential for enhancing transparency, sustainability, and
efficiency. Utilizing the Web of Science database, 433 articles published between 2021 and 2024 were analysed to identify pre-
vailing themes and emerging trends. The analysis reveals an emerging trend in blockchain’s role in promoting circular economy
practices, reducing food waste, and ensuring food safety through enhanced traceability. The findings underscore the importance
of blockchain in building resilient food systems. However, the study also highlights challenges, including technological limita-
tions and the need for standardized frameworks, that must be addressed to fully realize blockchain’s potential in the agri-food
sector. This research contributes to the growing body of literature by mapping the evolving landscape of blockchain applications

and providing insights into future research directions.
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INTRODUCTION

Following the financial crisis of 2008, trust in banks was
questioned. Shortly after, the world was introduced to
a digital currency called Bitcoin. It promised to grant
transparency to its users, shorten the transaction time
and decrease its cost, as well as holding value due to the
fixed and predictable inflation rate. Within a decade of
Bitcoin’s existence, it surprised investors with its unex-
pectedly growing price rates, as well as its price insta-
bility over time. In the later years, Bitcoin also brought
itself to attention because of an innovative technology
that lies in its fundamentals — the blockchain (Dowd,
2014).
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The Bitcoin transaction mechanism is built from
blocks; every time there is a new transaction in the
system, other users (as transactions are not confirmed
by a centralized entity like a bank but by a decentral-
ized network) may confirm the transaction in the form
of a “block”, being rewarded with a small fee. Each
block has to include a trace of every previous transac-
tion contained in the block, forming a chain. This gives
a transparent overview of all value transfers within the
blockchain. This has opened a set of new possibilities
for cooperatives, which the market, as well as non-gov-
ernmental actors, have already realized (Dowd, 2014).
The tracking ability of the blockchain would be able to
allow efficient and sustainable use of the food system
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resources—the provision of an integrated value chain
from the earliest stage of production until it reaches the
consumer (see, e.g. Boix-Fayos and de Vente, 2023;
Morales et al., 2022; Ejdys and Szpilko, 2022). As such,
this study is an attempt to review the emerging litera-
ture in terms of blockchain application in the agri-food
sector. According to Ge et al. (2017), the central role
of the blockchain is to solve the issue of trust. Regard-
ing farmers, this issue may point in several directions,
all of which can be solved with the help of blockchain
technology:

1. Trust between different farmers (ownership sharing)
2. Customer’s trust regarding the product (certification)
3. Trust of the farmers that their product will be bought

(future market)

Blockchain, with the use of IoT (Internet of Things)
devices, can help to track whether food is taken care of
according to certain food quality standards, e.g. HAC-
CP. This could enable farmers, especially from develop-
ing countries, to archive solid proof of their standard
compliance on a distributed ledger (blockchain) and
even “do the quality control, washing, packaging, and
exports themselves” (De Groot and Sjauw-Koen-Fa,
2014), meeting standards of the wholesalers from the
developed countries (Havinga et al., 2015). This could
lead to an increase in profits for groups that have a weak
position in the value chain (De Groot and Sjauw-Koen-
Fa, 2014), as well as an increase in the reliability of cer-
tifications, as currently these are still either compiled in
an inefficient physical form (on paper) or in centralized
databases, which increases the risk of fraud and error
(Ge et al., 2017).

Early studies focused on various aspects ranging
from agricultural stakeholders’ benefits from block-
chain, blockchain technology adoption and imple-
mentation, usability and returns of IoT hardware and
blockchain software for improved farming through data
sharing internally, regionally, and internationally (Ge et
al., 2017; Kim & Laskowski, 2017; Lin et al., 2017).
In addition, it emphasized the technical features and
limitations of IoT blockchains, which collect and share
data to a distributed ledger, managing farmer anonymity
in product tracking and delivering quality to customers
(Kreku et al., 2017; Liang et al., 2017).

Based on the foregoing, there have been several
possible applications of blockchain that could support
cooperatives along different stages of the value chain.
Some of the applications are highlighted here:
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1. Property register: This could be described as a stake
register, which supports risk management and risk
sharing, titling of the land (both processed by plat-
forms such as EXONUM blockchain and insurance
co-operative Achmea, as well as being planned by
FarmShare, which presented its idea for a “decen-
tralized platform for community-supported agri-
culture”), also as a governance technology tied to
property rights, as in the Bitnation project (Ge et al.,
2017; Lin et al., 2017). Kim and Laskowski (2017)
also point out that this could also help farmer coop-
eratives to “retain more of their profits”, since pro-
duction information can be noted more accurately,
supporting local communities pursuing long-term
sustainable profits rather than short-term profits.

2. Information exchange: This features a contributory

platform typified as a common ledger for coopera-
tive members, where everyone can share informa-
tion collected by IoT devices with likely benefit to
members as improving their crops and cutting costs.
Such blockchain facilitating information exchange
platforms between on-farm IoT devices, such as
those used for FieldView application have also been
emphasized (Lin, 2017; Caro et al., 2018).

3. Logistics register: This would support tracking com-

modity transfers—change of ownership triggered by
so-called smart contracts, value-chain optimization
aimed at the exclusion of middlemen and decrease
of transaction costs (Moeda blockchain for Brazilian
farmers; Co-Fe which is a project for coffee farmer
cooperatives; Skuchain or Everex, which is an overall
supply chain management application); or direct ac-
cess to smallholders to the market, as in AgriLedger
and FairFood (Ge et al., 2017). This blockchain ap-
plication could prevent losses along the value chain,
which in the first decades of 2000s could reach up to
1/3 (CCAFS, 2013). Ge et al. (2017) suggest that it
can optimize prices due to precise information along
the value chain stored in a blockchain-distributed
ledger. Also, costs can be possibly cut by employing
blockchain technology for self-driving cars, which
in turn adds value through information stored on
a separate navigation and logistics ledger (Lasla et
al., 2018).

4. Certification and Quality register: This would bring

the certified product to the consumer, with the pro-
vision of an open ledger, with accessible informa-
tion about the origin and possibly other parts of the
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Table 1. Keyword clusters in the publications on the blockchain in the agri-food supply chain
Cluster 1 2 3 4 5 6

Keywords  adoption, agri-food, architecture, arti- adulteration, ben-  agri-food supply blockchain,  agri-food
by-products, challeng- ficial intelligence, efits, chain, classi-  chain, bibliometric  business, industry,
es, circular economy, authentication, fication, distributed analysis, block- ethereum, agriculture,
digital technolo- barriers, big data, ledger technology,  chain technology,  food industry, consumers,
gies, digitalisation, big data analytics,  food chain, food COVID-19, design, food supply = demand,
distributed ledger, food-supply chain, fraud food safety, digitalisation, food chain, food  farmers,
drivers, food waste, future, industry 4.0, food supply chains, security, frame- traceability,  food, infor-
implementation, internet, internet of  fraud, machine work, impact, hyperledger — mation, is-
industry 4, innovation, things, internet of  learning, products, industry, informa-  fabric, im- sues, safety,
knowledge, logistics, things, iot, precision strategies, system, tion-technology, pacts, ipfs, strategy,
management, opera-  agriculture, privacy, systematic literature integration, model, smart con- technology,
tions, opportunities,  RFID, security, review, technology performance, resil- tract, smart  trends
provenance, quality,  smart agriculture,  adoption, traceabil- ience, supply chain contracts,
supply-chain, sustain- supply chains, tech- ity, traceability sys- management, sup-  supply chain,
ability, systems, waste nologies, things tem, transparency  ply chain resilience trust

#items 25 21 19 17 13 12

Source: own study, generated with the use of the software VOSviewer.

value chain, as is already being implemented by
some companies [Provenance, OneName (Lin et al.,
2017), Food Blockchain XYZ as examples of origin
tracking blockchains]. Ge et al. (2017) mentioned
SPS certificates as an example of a certificate that
can be stored on blockchain.

5. Data Security: Spreading information along a decen-
tralized database brings more security—it is more dif-
ficult for data to be mishandled, distorted, or censored
since there is no “point of failure” (Lin et la., 2017).

RESEARCH METHODS

The research was conducted using an explorative, scop-
ing literature review. Initially, the early literature on
blockchain application in agri-food supply chains was
analyzed to identify the grounding themes of the topic.
Later on, a bibliometric analysis was performed on the
latest literature on the topic to refine the trends that ap-
peared only later on in the field. Thus, keyword analysis
is used to navigate the lead trends in the field. The re-
search continued with the use of the explorative, scop-
ing review.

Bibliometric analysis

To analyze the scope of the agri-food chain application
of blockchain technology and its evolution through the
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years, a bibliometric analysis was performed with the
use of Web of Science database. The used search terms
were:

blockchain (Topic) and “food chain*” OR “food
value chain*” OR “food supply chain” OR “food
system” (Topic)

As blockchain is a term on its own, the analysis did
not include its synonyms, while the food value chains
were expanded to additional synonymic terms. The da-
tabase has found a total of 433 articles' from the years
2021-2024, which is sufficient to perform a bibliomet-
ric analysis; for instance, Arshad et al. (2020) claim that
100 papers are enough for such an analysis, while Ab-
dullah (2022) shows that the minimum threshold should
amount to at least 300 papers within a database.

Next, a keyword co-occurrence analysis was per-
formed in the software VOSviewer. Of the total 1442
keywords in all 433 papers, the threshold of the mini-
mum 5 co-occurrences, as advised by Gonzalez-Delga-
do et al. (2023), was met by 107 keywords. There were
three cluster visualizations generated in the software, as
well as six keyword clusters:

! https://www.webofscience.com/wos/woscc/summary/
45b7301b-68d9-4461-ad5f-16f0918b41f3-0104eaece7/rele-
vance/1
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As presented on the heatmap generated with the use
of the VOSviewer software, the main themes in the field
are concentrated around technology, while some new
themes, such as circular economy or food waste (the left
side of the graphic), are still collateral (Fig. 1).

Fig. 1. Heatmap of the keywords
Source: own study, generated in the software VOSviewer.

Table 2. Thematic classification of the keywords

After the classification of the keywords, from further
analysis, the ones resulting from the main theme of the
food chain supply chain blockchain application were
excluded, as these themes were extensively present in
the literature, thus not bringing novelty to the research
(Table 2). Jargon words were also rejected, as they do
not add substance to the analysis of the subject. A spe-
cial focus was placed on the current trends in the litera-
ture on the topic, specifically the themes of circularity
and food waste. From the body of 433 papers, 10 papers
in which these themes were present were selected for
further analysis, with additions found by continuing the
explorative literature review.

Emerging trend in the application of

blockchain in the agri-supply chains

Blockchain technology has been considered in the food
supply chain to enhance the circular economy and re-
duce food waste, facilitating sustainability, optimis-
ing resource management, and fostering collaboration
among stakeholders in the food industry. The decen-
tralised ledger enables secure and transparent tracking
of food products throughout the supply chain, facili-
tating product authenticity and compliance with pre-
scribed standards, helping to reduce food waste, and

Overarchin,
Category Keywords v 1ne
categories
Technology blockchain technology, distributed ledger, distributed ledger technology, artificial intelligence, big data, =~ Themes re-
big data analytics, machine learning, internet, internet of things, internet of things (IoT), IoT, RFID, sulting from
smart contracts, smart contracts, digital technologies, digitalisation, digitalisation, IPFS, ethereum, hy- the topic
perledger fabric, architecture, systems, system
Agri-Food agri-food, agri-food supply chain, agri-food industry, agriculture, precision agriculture, smart agriculture,
industry food industry, food fraud, food safety, food security, food waste, food, food industry, food fraud, farmers
Supply supply chain, supply chains, supply chain management, food supply chains, logistics, operations, supply
chain chain resilience, resilience, chain, food supply chain, food-supply chain, food chain, food-supply chain,
food traceability, provenance, traceability, traceability system, transparency
Trends industry 4, industry 4.0, circular economy, sustainability, waste, by-products Impact of
COVID-19 covid-19 the current
events
Economic  business, benefits, opportunities, challenges, drivers, barriers, adoption, technology adoption, implemen- Varied
concepts tation, impact, impacts, security, privacy, authentication, trust, fraud, adulteration concepts
General system, systems, architecture, future, issues, information, quality, strategies, strategy, framework, model,
themes classification, future, trends, performance, integration, design, management, products, knowledge, infor-
mation, provenance, innovation, consumers, demand, industry
Methods systematic literature review, bibliometric analysis

Source: own study, 2024.
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allowing stakeholders to identify inefficiencies in real-
time (Pakseresht et al., 2022). Thus, enhanced trace-
ability is not only directed at monitoring food quality
but also at preventing overproduction and spoilage, thus
reducing waste.

In terms of optimizing resource management within
agri-food supply chains, blockchain facilitates real-time
data sharing among stakeholders. This mechanism im-
proves inventory management practices for perishable
goods, where information regarding inventory levels and
expiration dates, if properly shared and tracked, would
prevent overstocking and minimize waste (Yontar, 2022).
Furthermore, blockchain enhances the agri-food chain
stakeholder collaboration through a shared information
exchange mechanism, facilitating cooperation between
producers, distributors, retailers, and consumers in terms
of aligning common interests towards waste reduction
(Ada et al., 2021). To achieve this, enhanced commu-
nication regarding rises and falls in demand could help
reduce excess inventory and minimize food waste.

Blockchain also helps enhance the transparency and
efficiency of the reverse supply chain, which are essen-
tial for recycling and reusing food products and packag-
ing materials (Okorie and Russell, 2021). Clear product
histories potentially allow blockchain to enable firms to
reclaim and repurpose their resources effectively, which
typifies the circular economy model of waste reduction
(Okorie and Russell, 2021). Furthermore, the integra-
tion of blockchain with other digital technologies, such
as the IoT and artificial intelligence (AI), has been
studied as a way to reduce food loss and waste. When
combined with blockchain’s traceability features, IoT
devices may provide real-time data on environmental
conditions, which Al can use to optimise supply chain
operations (Benyam et al., 2021).

The COVID-19 pandemic showed the fragility of
food systems, highlighting the need for stronger sup-
ply networks. Blockchain technology, by providing
real-time monitoring and information sharing, enables
stakeholders to respond more effectively to disruptions,
hence decreasing the risk of food loss during emer-
gencies (Rejeb et al., 2022). Additionally, blockchain
can encourage sustainable behaviours by guaranteeing
openness in the sourcing, production, and distribution
processes, encouraging stakeholders to engage in envi-
ronmentally favourable activities. This openness leads
to reduced food waste and a smaller carbon footprint
(Wang et al., 2022).
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Blockchain technology also improves user engage-
ment and confidence in food products, helping custom-
ers to make informed decisions by providing detailed
information about the origins and administration of
food commodities. Transparency can lead to increased
consumer confidence and less food waste, since people
prefer to buy products that they trust and understand
(Zhang et al., 2022).

From the economic standpoint, while the initial in-
vestment in blockchain implementation may be high,
the long-term advantages (e.g. decreased waste and in-
creased efficiency) can result in considerable cost sav-
ings for enterprises. Companies that reduce food waste
can increase profits, while also contributing to environ-
mental goals (Kshetri, 2022).

As there is a need for regulatory frameworks that
promote the use of blockchain and other digital tech-
nologies, policymakers can help promote the shift to
a circular economy and decrease food waste by creating
an atmosphere that encourages innovation. However,
significant hurdles and impediments to wider imple-
mentation of blockchain in food supply chains persist,
including technological constraints, a lack of standardi-
sation, and stakeholder opposition to change. Address-
ing these difficulties is critical to realising blockchain’s
full promise in promoting sustainability and minimising
food waste (Bumblauskas et al., 2022).

Finally, future research paths emphasise the im-
portance of conducting additional empirical studies to
evaluate the efficacy of blockchain deployments in vari-
ous contexts and to establish best practices for exploit-
ing this technology to accomplish sustainability goals
(Kahn and Kahn, 2022). In conclusion, the literature
studied here emphasises blockchain technology’s trans-
formational potential for improving the circular econo-
my and decreasing food waste throughout the food sup-
ply chain. Blockchain can help food systems be more
resilient by enhancing traceability, optimising resource
management, boosting cooperation, and integrating with
other digital technologies. As the difficulties of food
waste and sustainability worsen, the use of blockchain
technology will be critical in accelerating the transition
to a more circular and sustainable food system.

CONCLUSION

Initially, the purpose of blockchain in the agri-food
sector was to strengthen the authenticity of product
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sourcing, therefore maintaining the integrity of label-
ling and meeting the demands and wishes of the mar-
ket — customers — by sending appropriate market signals
to producers. Now, as it tackles issues such as circular
economy and food waste, blockchain technology can
safeguard the commons and advance public goods.
More so, as the world canvasses for the decision-mak-
ing process to be shifted to devices, the decision-making
processes from governance to markets now have devic-
es trading information with each other independently of
human interaction. We see advances daily with the pros-
pects of artificial intelligence changing the landscape of
farming and cooperative relations.

At present, the agri-food sector operates in a dynam-
ic environment that forces farm holders to embrace the
ideals of circular economy not only to run sustainable
businesses but also to operate within the framework of
sustainability as a policy effort that ensures the univer-
sality of their operations.
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