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Blockchain technology, with its inherent properties of immutability,
transparency, and security, offers a promising solution to address these
challenges. This systematic literature review aims to explore the current
state of research and identify emerging trends in the application of
blockchain technology to food supply chains. A comprehensive search of
the Scopus database yielded 825 articles published between 2017 and 2023.
The analysis focused on 161 articles that met specific inclusion criteria. Key
themes identified in the literature include traceability, sustainability, food
safety, halal food, and circular economy. Blockchain technology offers the
potential to enhance transparency, efficiency, and sustainability in the food
supply chain by enabling real-time tracking, reducing food waste, and
ensuring food safety. The bibliometric analysis revealed a growing research
community, with India emerging as a significant contributor. International
collaboration is crucial for advancing the field and sharing knowledge.
Future research directions include interdisciplinary collaboration,
standardization, security, consumer education, and scalability. This study
contributes to advancing these research directions by providing insights that
enable researchers and industry practitioners to harness the full potential of
blockchain technology in fostering a more efficient, transparent, and
sustainable food supply chain.

This is an open-access article under the CC-BY-SA license.

1. Introduction

The globalized food supply chain, a complex network connecting producers, processors,
distributors, and consumers, faces numerous challenges that threaten its integrity and sustainability
(Sharma et al., 2024; Singh et al., 2023). Developing countries, in particular, struggle with
infrastructure limitations, quality control, and product safety (Islam et al., 2022). Additionally,
transportation inefficiencies, packaging standards, and traceability gaps, coupled with high levels of
uncertainty, further complicate the food supply chain (Lahane et al., 2023; Rahbari et al., 2023). A
significant threat to the food supply chain is food crime, where intentional food adulteration occurs
for economic gain or malicious intent (Manning & Soon, 2016; Soon & Manning, 2019). This often
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exploits the existing vulnerabilities within the supply chain, such as lack of transparency and
traceability.

To address the multifaceted challenges, transparent and efficient information flow is crucial.
Traditional methods struggle to provide this due to the complex and often fragmented nature of food
supply chains. While not a silver bullet, blockchain technology offers a promising solution, alongside
other strategies, to improve the food supply chain. By leveraging its decentralized nature and
immutable ledger, blockchain can significantly improve transparency, efficiency, and traceability
(Rogerson & Parry, 2020). This can help mitigate food fraud and enhance food safety (Duan et al.,
2020; Goyal et al., 2023). Moreover, blockchain-enabled smart contracts can streamline processes and
automate tasks, leading to increased operational efficiency.

The integration of blockchain technology can transform traditional food supply chains into
intelligent, data-driven systems. For instance, RFID-based architectures combined with blockchain
can create tamper-proof digital records and enable real-time quality monitoring (Mondal et al., 2019).
Additionally, blockchain can track product origins, locations, and histories, thereby boosting
consumer confidence (Cozzio et al., 2023). However, the widespread adoption of blockchain in the
food industry is hindered by several challenges, including interoperability, privacy, and data security
concerns, as well as the need for strong intra-organizational support (Sali et al., 2023).

The growing demand for sustainable and ethical food supply chains further strengthens the case
for blockchain adoption (Wiinsche & Fernqvist, 2022). Consumers increasingly expect transparency,
traceability, and assurance of product authenticity. Blockchain technology can provide these
assurances by enabling the tracking of products from farm to fork, ensuring that raw materials are
sourced sustainably and ethically (Lin et al., 2019). By empowering all stakeholders in the food supply
chain to collect and share reliable information, blockchain can enhance trust and confidence in food
products (Gurrala & Hariga, 2022; Mahmud et al., 2021). This can give downstream actors a
competitive edge and provide consumers with the peace of mind that comes from knowing the
provenance of their food.

Blockchain technology offers a novel approach to data management, enabling secure and
transparent transactions without the need for intermediaries (Mermer et al., 2018). Originating with
the development of Bitcoin in 2008 by Satoshi Nakamoto, blockchain introduced a decentralized,
public ledger that allows participants to independently verify transactions (Gaikwad, 2020). This
technology utilizes a distributed network of interconnected blocks, each with a unique hash code,
ensuring data immutability and security. This decentralized structure enhances the transparency and
traceability of transactions, making them secure and verifiable (Friedman & Ormiston, 2022;
Rajasekaran et al., 2022; Zheng & Lu, 2022).

In recent years, blockchain technology has emerged as a transformative force, extending its
influence beyond digital currencies to various sectors, including education, healthcare, public safety,
retail, and logistics (Bhushan et al., 2021; El Koshiry et al., 2023; Quan et al., 2023; Wang & Liu,
2023; Zhang et al., 2024; Zhu et al., 2024). The food industry, particularly concerned with potential
food crises, has increasingly recognized the potential of blockchain to revolutionize the food supply
chain (Jahanbin et al., 2023).

The food supply chain plays a critical role in ensuring the safety, hygiene, security, and quality
of food products, including those with specific certifications like halal, kosher, organic, and fair trade
(Accorsi et al., 2022; Khan et al., 2021; Patidar et al., 2023; Tieman et al., 2012). Research has
highlighted the complexities and challenges within food supply chains, including food safety, product
quality, on-time delivery, price fluctuations, public health risks, sustainability, traceability,
globalization, coordination, and food (Chen et al., 2021; Gurrala & Hariga, 2022; Mor et al., 2018).
To effectively address these challenges, strong interdisciplinary collaboration is essential, involving
experts in operations management, strategy, organization, and risk control (Van Beusekom — Thoolen
et al., 2024).
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Blockchain technology offers a promising solution to address the challenges and complexities of
the food supply chain. By leveraging blockchain's features of transparency, traceability, and security,
the food industry can enhance consumer trust, reduce costs, and improve operational efficiency
(Demestichas et al., 2020; Yang et al., 2021). The COVID-19 pandemic highlighted the potential of
blockchain to foster resilience and adaptability in food supply chains (Kayikei et al., 2022).

However, the widespread adoption of blockchain in the food industry faces several barriers,
including digital literacy, organizational culture, high implementation costs, privacy concerns, and
data security challenges (Vivaldini, 2021; Yap et al., 2025). While some studies, like Elliot et al.,
(2024), have questioned the immediate cost-benefit ratio of blockchain adoption, the technology's
potential to improve traceability, security, and efficiency remains significant. By examining academic
publications, identifying influential authors and countries, and analyzing research trends, this study
seeks to provide insights into the development and application of blockchain technology in the food
industry. The findings of this study will be valuable for academics, policymakers, and industry
professionals who are interested in leveraging blockchain, contribute to address the challenges facing
the food supply chain.

This article aims to conduct a bibliometric analysis to explore the development and application
of blockchain technology in the food supply chain. By examining publications, citations, and thematic
trends, this research seeks to answer the following questions: (1) What are the current research trends
in blockchain technology for the food supply chain? (2) What are the key themes and focus areas of
blockchain research in this domain? (3) How is collaborative research being conducted in this field?
(4) What are the practical applications and impacts of blockchain in the food supply chain?

2. Method

To identify relevant literature, a keyword-based search was conducted using the Scopus scientific
database. Scopus was selected due to its comprehensive coverage, regular updates, and user-friendly
interface (Govindan et al., 2024; Moretti & Herkovits, 2021; Singh et al., 2021). The literature
selection process is illustrated in Fig. 1.
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Fig. 1. Literature review framework

To conduct a comprehensive literature review, we utilized Scopus, a reputable database for high-
quality, peer-reviewed articles. By employing the keywords "blockchain technology," "food," AND
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"supply chain," we aimed to identify research specifically exploring blockchain's application within
the food supply chain. To focus the analysis on the most relevant and impactful research, four subject
areas with the highest number of publications related to blockchain in the food supply chain were
chosen: Computer Science, Engineering, Social Science, and Business, Management & Accounting.
This focused approach enabled a deeper dive into the core areas of blockchain technology application
in the food industry. Articles were included based on the following criteria: (1) Open Access: To
ensure widespread accessibility and reproducibility of research findings. (2) Full-Text Availability:
To facilitate in-depth analysis and critical evaluation of the content. (3) Peer-Reviewed Journal
Publication: To guarantee the quality and validity of the research. (4) English Language: To ensure
clarity and ease of understanding for the researchers.

Subsequently, we categorized the selected articles based on publication year, author, country,
subject area, and citation count. This classification provided a comprehensive overview of the
evolution of blockchain research in the food supply chain, identifying emerging trends and popular
topics. To further analyze the research landscape, we employed Vosviewer software, a tool that
enabled the visualization of relationships between publications, researchers, and research themes
(Kuzior & Sira, 2022; McAllister et al., 2022).

3. Results and Discussion

A systematic literature review was conducted to identify relevant research on the intersection of
blockchain technology, food, and supply chain management. A comprehensive search of the Scopus
database, executed on November 14, 2023, yielded 825 articles published between 2017 and 2023,
with the earliest publications emerging in 2017. To refine the analysis, a rigorous selection process
was applied. Articles were included based on the following criteria: open access, full-text availability,
peer-reviewed journal publication, and English language. This process resulted in a focused dataset
of 196 articles across 26 subject areas.

To further concentrate the analysis on the most impactful research, four subject areas with the
highest number of publications were selected: Computer Science, Engineering, Social Science, and
Business, Management & Accounting. This narrowed the dataset to 161 articles, forming the
foundation for subsequent in-depth analysis. The findings of this study are presented in three sections.
Section 4.1 provides an overview of the distribution of articles across various dimensions, including
publication year, country of origin, journal, author, and citation. Section 4.2 delves into a bibliometric
analysis using Vosviewer to uncover patterns and trends in the research landscape. Finally, Section
4.3 outlines the emerging research frontiers and potential avenues for future exploration.

3.1. Article Distribution

A systematic literature review was conducted to identify relevant research on the application of
blockchain technology in food supply chains. While no specific time constraint was imposed on the
search, the earliest publications on this topic emerged in 2017.
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Fig. 2. Distribution of publications per year
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Fig. 2 illustrates the rapid growth of blockchain-related publications in the food supply chain
sector between 2017 and 2023. A significant annual increase of approximately 91.4% was observed
during this period, with 2022 marking the peak year, accounting for 34.8% of the total publications.

This surge in blockchain interest aligns with broader industry trends. The 2021-2022 period
witnessed a marked escalation in blockchain adoption across multiple sectors. The burgeoning
popularity of decentralized finance (DeFi) protocols and the emergence of non-fungible tokens
(NFTs) as a novel asset class were pivotal drivers of this trend. Furthermore, the growing interest in
cryptocurrencies, particularly Bitcoin, which reached its all-time high during this period, and the
increasing number of blockchain-based projects contributed to a positive feedback loop, fostering
further innovation and adoption.

It is important to note that while the data suggests a potential decline in publications from 2022
to 2023, further analysis is necessary to confirm this trend. Such a decline could be attributed to
various factors, including shifts in research priorities or methodological approaches. Alternatively, it
may be due to a delay in the publication process for articles submitted in 2023. Next, we delve into
the geographic distribution of research, focusing on the countries of origin of the first authors of the
articles. Fig. 3 provides a visual representation of this distribution.
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Fig. 3. Distribution of publications by country

Fig. 3 reveals the top 10 countries contributing to the body of knowledge in this field. India
emerged as the leading contributor, with 19.8% of the articles. Indian researchers have delved into
various aspects of blockchain technology, including bibliometric analysis (H.-Y. Chen et al., 2023;
Sugandh et al., 2023) reverse logistics (Kazancoglu et al., 2023), and product traceability (Babu et al.,
2023; Singh et al., 2023; Tan et al., 2023).

Italian researchers have explored topics such as integrating blockchain with IoT (Pincheira et al.,
2022; Singh et al., 2023), developing innovative business models (Mercuri et al., 2021), and
leveraging RFID technology (Barge et al., 2020).
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Fig. 4. Top 10 publisher
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Fig. 4 presents the top 10 journals publishing research on blockchain and food supply chains.
Sustainability Switzerland and IEEE Access emerged as the most prominent outlets, featuring articles
on topics such as traceability, transparency, QR code integration, and IoT integration. Notably, 6% of
the articles were published in Sustainability Switzerland, while 12.4% appeared in IEEE Access.
Sustainability Switzerland has published articles exploring the application of blockchain for
enhancing traceability and transparency in food supply chains (Cao et al., 2023; Tan et al., 2023) and
the integration of QR codes (Bhatia & Albarrak, 2023; Dey et al., 2021).

The top 10 authors who are prolific in producing articles related to blockchain in the food supply
chain are shown in Fig. 5, the figure shows that Xu, J and Zhang, X have the same number of
publications, 6 articles each.
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Fig. 5. Top 10 authors

A total of 6,039 citations were recorded for the 161 articles, indicating an average of 37.5
citations per article. Table 1, presents the top 10 most-cited articles.

Table 1. The 10 articles with the most citations

No Title/ author Citation
1 Blockchain technology in supply chain operations: Applications, challenges and research 507
opportunities (Dutta et al., 2020)
2 Toward an ontology-driven blockchain design for supply-chain provenance (Kim & 452
Laskowski, 2018)
3 Blockchain-Based Soybean Traceability in Agricultural Supply Chain (Salah et al., 2019) 381
4 Boundary conditions for traceability in food supply chains using blockchain technology 377
(Behnke & Janssen, 2020)
5 Blockchain in Logistics and Supply Chain: A Lean Approach for Designing Real-world 332
Use Cases (Perboli et al., 2018)
6 Food Safety Traceability System Based on Blockchain and EPCIS (Lin et al., 2019) 232
7 A blockchain-based smart contract system for healthcare management (Khatoon, 2020) 222
8 Blockchain: case studies in food supply chain visibility (Rogerson & Parry, 2020) 194
9 Blockchain-Driven IoT for Food Traceability with an Integrated Consensus Mechanism 190
(Tsang et al., 2019)
10 Blockchain in agriculture traceability systems: A review (Demestichas et al., 2020) 171

To further delve into the relevance and trajectory of research on blockchain in food supply chains,
a bibliometric analysis was conducted using Vosviewer software. By employing co-authorship and
co-occurrence analysis, this study aimed to uncover patterns of collaboration among authors and
countries within the field. Co-authorship analysis, with author and country as units of analysis, was
utilized to visualize the collaborative networks and identify key players in the research community.
The results of the co-authorship analysis are depicted in Fig. 6.
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Fig. 6. Co-authorship (author)

Fig. 6 reveals that 160 authors collaborated on the 161 analyzed documents. The co-authorship
analysis indicates that two articles, authored by Jr. Lacity, M.C. and Shew A.M., Snell H.A., Nayga
R.M., Jr., and Lacity M.C., exhibited the highest total link strength value. Conversely, the remaining
158 authors had a total link strength value of 0, suggesting a lack of collaborative relationships among
these authors. This finding highlights the limited collaboration within the field and potential
opportunities for future interdisciplinary research.

The co-authorship analysis with the country unit of analysis is shown in Fig. 7.
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Fig. 7. Co-authorship (Country)
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Fig. 7 illustrates the collaborative network among 12 countries involved in blockchain technology
research for food supply chains, based on an analysis of 161 articles. The countries were selected
based on a minimum document threshold of 5 and a citation count of 0. Table 2 presents the total link
strength (TLS) for each country, providing insights into the extent of their collaborative involvement.

Table 2. Total link strength (TLS) for co-authorship (country)

No Country Document Citations TLS
1 India 32 904 19
2 United Kingdom 19 932 17
3 China 28 969 10
4 Saudi Arabia 10 127 10
5 Australia 8 137 9
6 Italy 29 736 8
7 Pakistan 6 101 8
8 Turkey 6 211 6
9 Canada 6 821 4

10 Malaysia 5 129 4
11 United States 9 292 4
12 United Arab Emirates 7 464 3

India has emerged as a significant player in collaborative research on blockchain technology for
food supply chains. Indian researchers have explored various applications, including the use of
blockchain to record and access data on non-perishable agricultural commodities within distribution
chains (Babu et al., 2023). Notably, the co-authorship network reveals a dominance of non-Muslim
countries with high total link strength (TLS) values or a substantial number of publications, including
India, the UK, China, and Italy.

To further explore the thematic connections within the research field, a co-occurrence analysis
of keywords was conducted. The results of this analysis are presented in Fig. 8.
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Fig. 8. Co-Occurrence keyword

Fig. 8 illustrates the keyword co-occurrence network, revealing the semantic relationships
between key terms within the 161 analyzed articles. A total of 989 keywords were identified, with 47
meeting the specified threshold. Table 3 presents the top 10 keywords with the highest total link
strength (TLS) values.
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Table 3. The highest TLS

No Keyword Occurrence TLS
1 Blockchain 137 619
2 Food supply 53 360
3 Supply chains 57 351
4 Block-chain 46 325
5 Supply chain management 49 246
6 Traceability 40 227
7 Smart contract 24 170
8 Food supply chain 29 167
9 Supply chain 37 165
10 Food safety 30 155

Given the central role of blockchain technology in the research domain, it is unsurprising that
"blockchain" emerged as the keyword with the highest total link strength (TLS) and an occurrence
rate of 137. This indicates that the majority of articles within the dataset utilize "blockchain" as a core
keyword.

A visual analysis of the Vosviewer results highlights the diverse connections between blockchain
and other relevant topics, including food supply, supply chains, and supply chain management. This
multifaceted nature of blockchain's applications underscores its potential to revolutionize various
industries.

3.2. Direction of future research

A comprehensive analysis of 161 articles on blockchain in the food supply chain identified six
key research trends: First, Traceability Systems. Numerous studies have explored the application of
blockchain technology to enhance data traceability in food supply chains. This includes tracking
financial transactions (Babu et al., 2023), certifying products (Martinez-Castaneda & Feijoo, 2023),
improving export performance (Akhtaruzzaman Khan et al., 2022), integrating with loT (Gonzalez-
Amarillo et al., 2023), and monitoring coffee transportation and storage (Valencia-Payan et al., 2022).
Second, Sustainability. Researchers have investigated the potential of blockchain technology to
contribute to sustainable food supply chains. This includes exploring synergies and conflicts,
identifying opportunities and resistances, developing new economic models, and facilitating reverse
supply chain operations (Nicola Friedman & Ormiston, 2022; Jraisat et al., 2023; Kohler et al., 2022;
Rampone et al., 2023; Wiinsche & Fernqvist, 2022).

Third, Food Safety. Blockchain technology offers a promising solution for improving food
safety. Its ability to track and trace food products can help identify and mitigate potential
contamination risks. Studies have highlighted the role of blockchain in enhancing food security,
particularly in regions vulnerable to weather-related disruptions (Giganti et al., 2024; Peng et al., 2022;
Yele & Litoriya, 2024). Four, Halal Food. Blockchain technology has the potential to ensure the halal
integrity of food products throughout the supply chain. Researchers have explored the use of
blockchain to track halal certifications, implement smart contracts for secure data storage, and address
challenges related to complexity, costs, and regulatory compliance (Ali et al., 2021; Hidayati et al.,
2023; Sidarto & Hamka, 2021).

Five, Circular Economy. The application of blockchain technology in circular economy models
for food supply chains has gained increasing attention. Researchers have investigated the potential of
blockchain to improve the efficiency and sustainability of food systems, reduce food waste, and
enhance transparency (Okorie et al., 2022; Panghal et al., 2022). Six, Financial Integration and Al
Future research directions may involve integrating blockchain technology with financial systems to
facilitate seamless transactions and ensure fair trade practices. Additionally, the convergence of
blockchain and artificial intelligence offers significant potential to revolutionize the food supply chain.
Al-powered blockchain solutions can enhance data analysis, decision-making, and predictive
capabilities, leading to improved food safety, reduced waste, and optimized supply chain operations
(Baciuliene et al., 2023; Onyeaka et al., 2023; Onyeaka & Ekwebelem, 2023; Ravishankar &
Kulkarni, 2020).
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These trends were identified based on the frequency and depth of research in each area, as well
as the potential for future innovation and impact on the food industry. By analyzing the body of
literature, it became evident that these areas have garnered significant attention and offer promising
avenues for further exploration.

3.3. Discussion

The findings of this study provide valuable insights into the emerging landscape of blockchain
technology in the food supply chain. A significant surge in research activity has been observed,
indicating a growing interest in leveraging blockchain to address critical challenges within the food
supply chain.

The bibliometric analysis offers a comprehensive overview of the research landscape, including
country distribution, journal classification, and top authors. This analysis helps to identify key trends,
emerging research areas, and influential researchers in the field. By understanding the geographical
distribution of research efforts, we can identify potential areas for international collaboration and
knowledge exchange. Furthermore, analyzing the top journals and authors can help to assess the
quality and impact of research in this field.

Overall, this study contributes to a deeper understanding of the current state of blockchain
research in the food supply chain. By identifying key trends and future research directions, this
research can inform the development of innovative blockchain solutions to address pressing
challenges in the food industry.

Key themes identified include traceability, sustainability, food safety, halal food, circular
economy, financial integration, and Al. These themes highlight the potential of blockchain to enhance
transparency, efficiency, and sustainability in the food supply chain. By tracking the journey of food
products from farm to table, blockchain can improve traceability, reduce food waste, and ensure food
safety. Additionally, blockchain can facilitate the development of sustainable supply chains by
enabling the tracking of financial, environmental, and social impacts.

The analysis reveals a global collaborative effort among researchers from various countries.
India, in particular, has emerged as a significant player in this field, contributing to a substantial
portion of the published research. International collaboration fosters knowledge sharing, accelerates
technological advancements, and promotes the global adoption of blockchain solutions.

Future research should consider interdisciplinary collaboration, standardization, security, and
consumer education. By integrating blockchain with other emerging technologies like IoT and Al
researchers can develop innovative solutions to address complex challenges in the food supply chain.
Standardization efforts are crucial to ensure interoperability and seamless integration of blockchain
systems across different platforms. Furthermore, addressing security and privacy concerns is essential
to build trust and confidence in blockchain-based solutions. Educating consumers about the benefits
of blockchain technology can help foster wider adoption and acceptance. By addressing these research
directions, researchers and industry practitioners can unlock the full potential of blockchain
technology to create a more efficient, transparent, and sustainable food supply chain.

4. Conclusion

This research has delved into the evolving landscape of blockchain technology in the food supply
chain, aiming to identify current trends, key themes, collaborative patterns, and practical applications.
By conducting a comprehensive bibliometric analysis of 161 articles sourced from the Scopus
database, this study has provided valuable insights into the field. The analysis revealed a significant
increase in research activity related to blockchain and food supply chains, with a notable surge in
publications from 2017 onwards. Key research themes identified include traceability systems,
sustainability, food safety, halal food, and circular economy. These themes highlight the potential of
blockchain to address critical challenges in the food industry, such as ensuring product authenticity,
improving supply chain transparency, and enhancing food safety.
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Looking ahead, future research should explore the integration of blockchain with financial
systems to enable seamless transactions and ensure fair trade practices. Additionally, the convergence
of blockchain and artificial intelligence offers exciting possibilities for optimizing supply chain
operations, improving decision-making, and mitigating risks. Furthermore, the study examined
collaborative patterns among researchers. While India emerged as a dominant player in the field,
international collaborations were also observed, particularly with countries like the UK, China, and
Italy. These collaborative efforts have facilitated knowledge sharing and accelerated technological
advancements. By leveraging the power of blockchain technology, the food industry can achieve
greater efficiency, transparency, and sustainability, ultimately benefiting both producers and
consumers.
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