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ABSTRACT Blockchain technology is a distributed ledger that guarantees the immutability of data and asset
tracking. Its characteristics can result in an improvement to traditional agri-food Supply Chains. Blockchain-
based traceability systems let producers improve their visibility and consumers trust the products they buy
and where they come from. Actual literature lacks an exhaustive analysis of the benefits and drawbacks
of Blockchain applied to the agri-food domain. This paper aims to overcome this issue: to understand the
state-of-the-art related to the application of Blockchain in the agri-food sector, we screened 183 papers
and performed a literature review answering six Research Questions. The work takes into consideration the
advantages and disadvantages of implementing such paradigm, with an analysis on the role of industries.
The main findings are related to research directions: they regard the lack of training both for industries and
stakeholders, the involvement of additional technologies (i.e., Big Data, Edge Computing), and the absence
of supporting tools for developers.

INDEX TERMS Blockchain, supply chain, agri-food, traceability, review.

I. INTRODUCTION
Blockchain technology is part of theDistributed Ledger Tech-
nologies (DLTs) and is used to record transactions across a
network of computers, called nodes. It uses cryptography to
ensure that once data is entered in the chain, it cannot be
manipulated. This approach ensures transparency and secu-
rity: Blockchain can be used for tracking information and
assets [1].

In the agri-food domain, Blockchain can modernize the
way food is traced throughout the Supply Chain: by using
this technology, each step of the food Supply Chain, from
production to consumption, can be tracked and recorded to
be trustable from the consumer point of view [2]. This allows
for a more efficient food control and safety: producers can
improve their visibility too.

Furthermore, Blockchain technology can also be used to
create digital identities for food products, including informa-
tion such as origin, production method, and certifications.
This would allow consumers to make more informed deci-
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sions about the food they purchase and also allows for better
tracking of sustainability and ethical production methods.
Overall, Blockchain technology has the potential to signif-
icantly improve the transparency and the security of the
agri-food supply chain, and to increase consumer trust in the
food system.

Therefore, a comprehensive evaluation of Blockchain-
based traceability systems is lacking in the literature, both
in terms of technical implementation and advantages and
disadvantages. To that end, we conduct a literature review
to identify and assess the level of maturity in the use
of Blockchain technology to improve agri-food. We pro-
pose six Research Questions that aim to explore the role
of Blockchain technology in supporting agri-food Supply
Chains, both from the consumers and stakeholders point of
views. The analysis is based on 183 main papers, after a
process of data gathering and filtering through the PRISMA
workflow [3]. We analyze the industries involvement in
the process of adopting a distributed architecture together
with some security aspects. We also discuss about some
future research directions for industries and for Blockchain
developers.
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The paper is organised as follows. Section II provides
an overview of Blockchain technology and emphasizes the
advantages of using Blockchain systems in the agri-food SC
industry, together with a common architecture to show the
main components in a Blockchain-based traceability system.
Section III discusses relevant work and compares this review
to others that are already available. Section IV discusses
the applied research methodology as well as the process
of gathering relevant research papers. Section V provides
answers to the Research Questions (RQs). The study con-
cludes with some closing remarks and an examination of
future directions.

II. BACKGROUND — BLOCKCHAIN TECHNOLOGY
Blockchain is a technology that is distinguished by the decen-
tralization and spread of its database across different devices.
Unlike centralized systems, Blockchain and more in general
Distributed Ledger Technologies (DLTs) are not dependent
on data stored in a single location (a server) and controlled
and shared by a single subject. Each participant in the dis-
tributed ledger owns a copy of the ledger: any change in
data is applied to each copy owned by participants. As a
result, the Blockchain serves as a reliable and trustworthy
third party [4].

Transactions between participants, once inserted, are per-
manently recorded, and these records are referred to as
blocks, while each computer used for Blockchain processing
is referred to as a node.

A mining operation, which adds blocks to the Blockchain,
can be used to add transactions. The mining process is based
on hash functions and computing problems, which serve as
the foundation for chain security. To ensure a high level of
security, the shared data is encrypted.

A. APPLICATION OF BLOCKCHAIN TECHNOLOGY IN
AGRI-FOOD TRACEABILITY
The inner characteristics of Blockchain technology allow
systems to be transparent and trustable. Traceability is eas-
ily reachable thanks to the immutability of data inserted in
a Blockchain. Traceability is intended as the possibility to
reproduce the history of products going from production to
distribution [5]. Thanks to traceability, it is possible to dis-
tinguish between the responsibilities of every actor involved
in a supply chain and to guarantee trust in the consumer
from the food quality and safety point of view. Due to the
length of a supply chain, it could be expensive to track
products from rawmaterials to the end customers [6], so some
sort of scalable and efficient system is needed. This kind
of system should also be reliable to guarantee trust in the
consumers [7]. Blockchain technology comes in hand thanks
to its peculiarities: (i) it is a distributed system, so it does not
rely on a single server that could be a point of failure, (ii)
it is immutable, so it is simple to backtrack information and
tampering is very difficult to accomplish, (iii) it can be both
public or private [8], [9], so it can adapt to specific use cases
sill guaranteeing transparency and counterfeiting prevention.

FIGURE 1. An architecture with all the components presented in different
works.

A common architecture that sums up different approaches
to agri-food traceability using Blockchain technology is
shown in Figure 1.

Almost all proposed architectures show two main actors:
the end consumer and the producer who can be extended to
the farmer, the distributor, and the retailer. Each actor con-
stitutes a node of the distributed system. The end consumer
can read all the immutable traceability information from his
device, through the use of a QR code or an RFID tag [10].
The producer can insert new information that is managed
by some defined smart contracts; they are responsible to
ensure the truthfulness of the value that is going to be added
to the chain. Data can also come from IoT sensors, after a
gathering process made by a central unit. All transactions are
written to the Blockchain, then they can be uploaded to the
InterPlanetary File System (IPFS) [11].

III. RELATED WORK
Some literature reviews onBlockchain and supply chainman-
agement have been examined. Zhao et al. conducted a review
of studies published on Blockchain applied to supply chains
up to 2019 [1]. The research is divided into four sections:
manufacturing, sustainable water management, traceability,
and information security.

The study proposed by Niknejad et al. investigates the
connections between Blockchain and smart agriculture [12],
focusing on traceability and IoT sensors. This research will
go beyond the proposed literature reviews in search of a more
general approach to agri-food using Blockchain technology.
It also intends to investigate howmany industries are involved
in the process and whether the benefits of decentralized appli-
cations outweigh their limitations.

Paper [13] examines the growth of supply chain manage-
ment using Blockchain and the IoT field, as well as the use of
other Industry 5.0 technologies. The advantages of integrat-
ing such technologies space from food traceability to food
composition monitoring, making customers aware of what
they are purchasing; from food wasting avoidance to safety
across the Supply Chain, making the entire process secure.
The authors also conduct research on the major cyber security
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TABLE 1. Comparison between the related work and our review.

concerns in a Blockchain-based Supply Chain network, both
from the standpoint of consumer trust and IoT devices.

Paper [14] proposes a systematic literature review that
takes into account the technical implementation aspects of
Blockchain-based Supply Chain traceability solutions. The
authors remark that just a few of the evaluated publications
discuss real-life traceability solutions, particularly in terms
of practicality and cost-related Supply Chain factors.

The authors of paper [15] offer a taxonomy and content
analysis of all Blockchain-based frameworks, as well as an
overview of the adoption models to represent platform adop-
tion for various stakeholders. Paper [16] proposes a similar
study, based largely on sustainable agri-food supply chains
and with fewer Blockchain-related issues.

The benefits of applying Blockchain to agri-food trace-
ability (i.e.: prevent counterfeiting of raw materials, use
of decentralized organizations, better quality controls, and
products traceability) are analyzed in papers [17] and [18],
together with practical use cases and with some considera-
tions on security aspects. Other interesting approaches regard
the spreading of this technology in different countries [19],

with respect to traceability, information systems, architecture,
and agricultural applications, and the embryonic nature of
Blockchain applications [20], that are still in a premature
development phase.

Finally, authors of paper [21] study the adoption of
Blockchain technology in a supply chain, proposing a SWOT
analysis and identifying the main opportunities for securing
Supply Chain Management (i.e. reducing anti-counterfeiting
problems and costs, increasing trust, making a competitive
advantage). Between the identified weaknesses, the authors
focus their attention on the lack of industry standards and
interoperability issues.

Our review differs from those described in this section
in that it addresses not only the traceability of products
throughout the SC process, but also the impact of Blockchain
applied to agri-food, security issues, and the use of technolo-
gies other than Blockchain and IoT. Our plan also considers
the presence of industries and their desire in adopting this
new paradigm, with all of its benefits and limitations. The
comparison between the different reviews is summarized in
Table 1.
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FIGURE 2. PRISMA search methodology.

IV. RESEARCH METHODOLOGY — LITERATURE REVIEW
The process for identification of relevant papers is proposed
in Figure 2. It is a Preferred Reporting Items for Systematic
Reviews and Meta-Analyses (PRISMA) diagram based on
the guidelines described in paper [22]. The covered literature
goes from 2016 to December 2022. The goal is to give new
researchers identified areas in the topic of Blockchain and
agri-food traceability, as well as future research directions.

A. DEFINITION OF RESEARCH QUESTIONS
The objective of this study is either a) to identify the state of
the art on Blockchain technology and smart agri-food domain
and b) to give appropriate foundations to highlight the gaps
and trends in this field of research, as well as future research
directions. To achieve this goal, we formulate the following
Research Questions (RQs):

• RQ1:What are the Blockchain research trends in the
agri-food sector, starting from 2016?
The answer to this question seeks information about
publication patterns such as the year, mode, and kind.
These factors become useful in comprehending the
topic’s progression.

• RQ2: What research themes have been addressed
in previous studies on Blockchain technology and
agriculture?
This RQ contains information about the key study fields
on the subject and the contribution they make to the
scientific community.

• RQ3: What solutions may Blockchain build to sim-
plify the problems of stakeholders across the full

agri-food chain? The purpose of this RQ is to learn
about the benefits of using Blockchain in agri-food
traceability on a wide scale, while also taking into
account industry involvement.

• RQ4: What kind of information could stakeholders
receive and integrate using Blockchain? The purpose
of this RQ is to uncover product and technology infor-
mation that consumers and producers can use to trace
products.

• RQ5: What are the present research gaps between
the benefits of Blockchain technology and its
limitations?
The purpose of this RQ is to identify research gaps and
trends, as well as to examine existing open challenges.

• RQ6: Is the matter of security addressed, and if so,
at what level?
This information is useful for determining the level of
security, both on the implementation and infrastructure
sides.

B. PAPER SELECTION STRATEGY
Relevant databases were examined to ensure that the informa-
tion inserted in the review is complete and comprehensive.
A PICO (Population, Intervention, Comparison, Outcomes)
approach is used to search for keywords, that can be grouped
into 2 categories:

• Population-related search term: ‘‘agri-food’’.
• Intervention-related search terms: ‘‘Blockchain’’ and
‘‘traceability’’.

The submitted string is a combination of keywords con-
nected in binary logic.
‘‘blockchain AND traceability AND (agri OR food OR

agrifood)’’.
The retrieved string returns 692 results from various

databases such as IEEEXplore, ACM, Science Direct, and
others.

C. INCLUSION AND EXCLUSION CRITERIA
Once the studies that include the search string’s keywords
within the metadata (title, abstract, keywords) are identified,
the impurities are removed (i.e., studies that deal with the
proposed topic in a simple way even if they contain the
defined keywords). To improve the reliability of the studies
under consideration, inclusion and exclusion criteria are used.

Inclusion criteria:
• Publication date until 2022.
• English-written study.
• Study accepted for publication in a conference or jour-
nal.

• Study based on traceability in the agri-food Supply
Chain.

• Study focused on Blockchain methods and solutions.
Exclusion criteria:
• The complete text of the study is not available.
• Study considered as secondary or tertiary (i.e., surveys).
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TABLE 2. Research questions and their carried value.

• Study where Blockchain is not the main topic, but it is
used as an example.

A pool of 183 studies is included in the analysis after
the application of the screening procedure.1 The extraction
and classification of data answers the provided Research
Questions. The data extraction form is shown in Table 2.

V. RESULTS AND DISCUSSION
In this section, we show the main results obtained after the
analysis of the selected papers. Results are categorized based
on the RQs identified in Section IV.

A. RQ1: WHAT ARE THE BLOCKCHAIN RESEARCH TRENDS
IN THE AGRI-FOOD SECTOR, STARTING FROM 2016?
The analysis of Figure 3 shows an increasing number of
papers during the years. Studies on the topic of Blockchain
applied to agri-food increased over time and are expected to
constantly grow. There is a little decrease between 2020 and
2021, which can be imputed to the pandemic situation that
changed research perspectives. Practical approaches start to
spread in 2022: it is important to find newways to accomplish
the increasing food demand due to the world population
increase [23].

Figure 4 distinguishes between different search types:
43.8% of the analyzed papers are proposals, innovative solu-
tions with systems that are not fully validated or imple-
mented. Implementations cover 8.2% of the analyzed paper:
producers still do not have trust in implementing such sys-
tems, mainly because the Blockchain is not mature yet. 14.1%
of evaluative opinions, 17.8% of validation research, and
10.8%of experiments led us to think that practical evaluations
are still in progress. It is necessary to carry out some checks to

1A replication package is available at https://politecnicobari-
my.sharepoint.com/:f:/g/personal/marco_fiore_poliba_it/Eimw3a8vD5lHsB
gD39p-xEABYpmVV–Pe7WgpeQeN9evMQ?e=pe2ZyM

FIGURE 3. RQ1: Distribution by publishing year of selected papers.

FIGURE 4. RQ1: Distribution by search type.

confirm the added value that Blockchain can carry to Supply
Chains. Almost 4.9% of the found searches focus on ethical
and philosophical topics. Blockchain is not only an innovative
and cutting-edge technology: it brings a new way of thinking
that can have an important impact and change some aspects
of our daily life.

B. RQ2: WHAT RESEARCH THEMES HAVE BEEN
ADDRESSED IN PREVIOUS STUDIES ON BLOCKCHAIN
TECHNOLOGY AND AGRICULTURE?
Figure 5 shows different search areas: 75 papers refer to
technology, 38 paper focus on architecture, and 23 on perfor-
mance. Blockchain is not a mature technology, so researchers
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FIGURE 5. RQ2: Distribution by search area.

FIGURE 6. RQ2: Distribution by selected papers base, either knowledge
or software.

are still finding new approaches to this topic to improve
performance. 17 papers focus on reliability, 14 on business
analysis, 8 on quality, 5 on bibliometrics, and 3 on philos-
ophy: researchers highlight the importance of transparency
and data immutability as driving vectors for the application
of Blockchain.

Figure 6 shows the division between software-based and
knowledge-based publications. The two categories are nearly
similar in size, with 89 in software and 94 in knowledge: the
understanding of the architectural network and the algorithms
that comprise the Blockchain is developed concurrently with
the software development and the technological advancement
that it entails.

FIGURE 7. RQ3: Distribution by the proposed paper solution.

Different companies and real-world scenarios are lever-
aging the promise of Blockchain traceability solutions.
As stated in paper [14], delivering true commercial value is
difficult due to a variety of variables, including:

• Blockchain’s infancy: Blockchain is a new technology,
but its adoption is not widely accepted because invest-
ments in this new paradigm could result in a financial
loss.

• Diffusion: Some Supply Chain sectors lack advanced
traceability technologies and processes, making imple-
mentation difficult.

• Scalability: The implementation of bigger distributed
systems may cause challenges with size and complexity.

• Technology barriers: There is a significant gap between
platform research and real-world testing.

For these reasons, the viability and practicality of
Blockchain-based traceability solutions should be validated
across all Supply Chain players.

C. RQ3: WHAT SOLUTIONS MAY BLOCKCHAIN BUILD TO
SIMPLIFY THE PROBLEMS OF STAKEHOLDERS ACROSS
THE FULL AGRI-FOOD CHAIN?
The combination of the identification of the product at dif-
ferent stages of the Supply Chain, the implementation of the
system, and the traceability aspects cover 62.3% of the pro-
posed papers, as shown in Figure 7. Blockchain can identify
products, track them from production to exhibition to the
shelf and manage the Supply Chain to guarantee trust and
transparency. A less-treated topic is interoperability (6% of
analyzed papers). It could be difficult to integrate Blockchain
into a system without changing the whole process. This
is because Blockchain requires a distributed architecture,
while lots of actual implementations are classical client-
server architectures. For industries, this means reinvesting
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FIGURE 8. RQ3: Industries involvement.

money and training workers, which could lead to higher costs
to switch to Blockchain.

In 138 of the selected references, as underlined in Figure 8,
industries are not involved in the study. This data is the reason
for the Blockchain’s slow adoption as an agri-food traceabil-
ity tool. The development of such technologies should begin
with industries, who should be the first stakeholders to ensure
the quality of the products they sell. This indicates a lack
of proactivity on the part of industries to seek technological
innovation. However, it should be noted that the exploitation
of research figures occurs in 2018, just two years before
the 2020 pandemic shifted scientific communities’ interests.
We also found some causes of this non-diffusion in the lack
of supporting tools for developers to help them understand
Blockchain and choose the best one that fits their needs.

D. RQ4: WHAT KIND OF INFORMATION COULD
STAKEHOLDERS RECEIVE AND INTEGRATE USING
BLOCKCHAIN?
The agri-food sector can be optimized either to track the
origin of a product or to show its quality. Figure 9 shows what
information was mainly considered in the articles published
in this area up to December 2022. The acquired information
is mainly based on the origin of the product, that is transport,
storage, place of production, and processing; this informa-
tion optimizes the logistical aspect of the products. Papers
regarding the quality topic focus on certifications such as
the Hazard Analysis and Critical Control Points (HACCP)
to reduce the risk of counterfeiting and manumission, thus
ensuring products and production line safety.

After the analysis of Figure 10, when compared to the
treatment in the field of Edge Computing, we can see a minor
increase in the treatment and use of Internet of Things (IoT)
devices mixed with the field of Big Data. The majority of

FIGURE 9. RQ4: Traceability information proposed in papers.

FIGURE 10. RQ4: Technologies used in selected papers.

the articles demonstrate the usage of IoT technologies in con-
junction with Blockchain: IoT sensors are primarily used for
tracking (i.e., for obtaining humidity and field temperatures
and product transports). Factors such as data mining and the
usage of edge computing techniques ensure a more optimized
and secure contact point with the consumer.

E. RQ5: WHAT ARE THE PRESENT RESEARCH GAPS
BETWEEN THE BENEFITS OF BLOCKCHAIN TECHNOLOGY
AND ITS LIMITATIONS?
The articles examined illustrate an attempt to address
Blockchain’s current limitations, mostly in terms of security
and consensus procedures. They emphasize the platform’s
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unique features and how it could ease other stages of the agri-
food chain.

The benefits of Blockchain to the supply chain are numer-
ous and have been analyzed by answering the previous
research questions: a) the ability to trace products right from
the cultivation phase, b) the ability to quickly identify any
defective batches without having to eliminate more than nec-
essary [24], and c) the ability to speed up the process of
information collection, organization, and storage. The goal
is to build customer trust and streamline producer labor by
generating a digital identity for each developed product [25].

Other known benefits are:

• Enhancement of the current supply chain
• Intelligent agriculture and applied studies
• Forecasting and analysis of data models
• Framework to optimize perishable food issues, whose
bias is conditioned by environment

• Integration of the system with current technologies
• Crop monitoring based on decision support systems
• Normatives that could impact the behavior of stakehold-
ers operating the technology

A restriction emphasized by the authors of paper [26] is
stakeholders’ approach to new technology: the proclivity to
learn a new way of managing products is subjective, and it
may not be so easy to fundamentally modify how information
is collected and kept. This restriction is also evident in RQ3,
where about 74.5% of the publications do not have actual
industry consequences. Similar impediments, as outlined in
paper [27], would widen the gap between established busi-
nesses and start-ups, with the latter better prepared for the
Industry 4.0 transformation.

Other known limitations regard a) the lack of simple
Blockchain tools that are easy to understand; b) the lack
of support and financial constraints; c) the implementa-
tion of IoT smart sensors to improve traceability; d) the
definition of regulamentation and policies; e) an initial invest-
ment that is required to implement such technologies.

This analysis could lead to a shift in research focus from
generating trust in consumers to establishing trust in business
owners who desire more guarantees while changing their
work chain. Some concepts were offered in the paper [28].
Creating tools specifically for the agri-food chain could be
the first step toward a larger-scale application of Blockchain
technology in the agri-food sector.

F. RQ6: IS THE MATTER OF SECURITY ADDRESSED, AND
IF SO, AT WHAT LEVEL?
As shown in Figure 11, there is a growing interest in the secu-
rity subject, both in terms of traceability and personal data
processing, thanks to Blockchain technology. 94 publications
out of a total of 185 identified both sides. 54 publications
are more focused on infrastructure, whereas 28 are more
concerned with traceability security. Finally, just 9 studies
do not address the security issue. Because of the distributed
type system, Blockchain ensures higher fraud prevention as

FIGURE 11. RQ6: Distribution by treatment of security topic.

well as network security. Furthermore, traceability can be
facilitated by current technological innovation that ensures
high security, as well as by the growing number of IoT devices
involved in the Supply Chain.

VI. CONCLUSION AND FUTURE DIRECTIONS
This paper presents a review of the literature on agri-food
traceability via Blockchain. Out of a total first search of
692 references, 183 studies are examined. These studies
constitute a significant number for the work at hand; they
can verify that the completed analysis has strong scientific
validity, together with the selection of inclusion and exclusion
criteria.

This provides researchers with a clear overview of the
state of the art of Blockchain technology applied to agri-
food Supply Chains. In 2018, interest in this topic began
to develop; research interests are shifting from proposals to
validations and implementations. Innovative applications of
Blockchain technology have been developed for a tool whose
primary purpose is to transform people’s perceptions of trust.
Half of the studies performed a technological examination,
and 60% of them contributed to the application of Blockchain
to traceability in the agri-food sector.

The industrial sector is a crucial participant in the spread
of Blockchain as a traceability tool: employers are not suf-
ficiently involved in the Blockchain deployment process.
Furthermore, the pandemic situation may have contributed
to the lengthening of the time required to advertise the new
approach. In any case, the benefits of applying Blockchain to
agri-food traceability are numerous: companies can improve
their brand identity (and their sales) by ensuring products
that are of high-quality; distributors can ensure efficient
and transparent goods management; consumers can purchase
products feeling more protected and trusting the retailer, also
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by learning about the Supply Chain process that brought the
product to their home by scanning a QR code on the label of
that product.

With the use of the IoT, and therefore the development of
Blockchain in this topic, it could be possible to reach the
prefixed goal, that is to track down a product and read its
chemical characteristics on the consumer smartphone. In this
way, it becomes easier to track information about a product
quality and origin.

Future directions regard a) the lack of training both for
industries and stakeholders: researchers should find new
ways to train stakeholders and to ensure that the Blockchain’s
main characteristics are understandable; b) the involvement
of additional technologies (i.e., Big Data, Edge Computing)
to create scalable and reliable platforms, regardless of the
bandwidth and throughput limitations of actual Blockchain-
based implementations; c) the absence of supporting tool for
developers, to help them differentiate between the available
Blockchain platforms and choose the best one to fit their
needs.
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