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Abstract: This paper explores blockchain-based intelligent packaging in the food industry to establish a
transparent traceability system. The main objective is to address information asymmetry, enhancing
consumer confidence in food safety. By leveraging blockchain technology, key data points are recorded
in a decentralized manner, bridging the gap between producers and consumers. The proposed
decentralized food traceability system improves market supervision efficiency and curbs counterfeit
products. Consumers gain easy access to trustworthy traceability details, fostering trust in the food
supply chain. Ultimately, this technology-driven approach elevates enterprise brand value and
reputation. In conclusion, blockchain-based traceable smart packaging revolutionizes food supervision,
providing comprehensive oversight across the supply chain. It enhances consumer confidence and
promotes transparency in the food industry, driving advancements in food traceability for a safer and
more trustworthy supply chain.
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1. Introduction

Over the past decades, global food safety issues have heightened concerns, leading developed
countries to establish and improve food traceability systems. China, too, recognized its importance and
issued a directive to accelerate modern supply chain construction, advocating a globally unified
commodity barcode system for data tracing and source verification.

A robust food traceability mechanism is essential for ensuring food safety and competitiveness in the
global market. Innovative solutions, like blockchain-based intelligent packaging, have emerged to
address these challenges. By integrating blockchain technology with packaging, a decentralized and
transparent system is created, capturing key information across the entire food supply chain, from
cultivation to distribution.

This paper aims to explore the potential of blockchain-based intelligent packaging in enhancing
transparency, authenticity, and consumer confidence in food traceability. By addressing information
asymmetry, this approach provides consumers with reliable traceability information, fostering trust in
food safety. Additionally, it streamlines market supervision, bolstering the food industry's integrity.

In conclusion, implementing blockchain-based intelligent packaging represents a critical step in
fortifying food traceability systems. This research highlights its benefits and practical implications,
demonstrating its potential to revolutionize the food industry's approach to traceability. By effectively
mitigating food safety concerns and enhancing consumer trust, this innovation elevates the
competitiveness and reputation of food enterprises both domestically and internationally.

2. Research Status of Food Traceability Mechanism

The research field of food traceability systems has seen significant studies, focusing on technologies
like radio frequency identification (Li and Zhang) '), barcode (Yang and Zhao) B4, and supply chain
optimization (Yang and Shen) )%, However, existing research still faces challenges in addressing data
tampering and centralized management. China's food industry struggles with information asymmetry,
impacting consumer trust in food product authenticity.
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In recent years, blockchain technology has gained attention for its decentralization, transparency, and
traceability capabilities, with successful applications in various fields (Huang Z, Liu D) 7). This paper
proposes a food-traceable intelligent packaging system based on blockchain technology. Combining
intelligent packaging with blockchain addresses data reliability and traceability challenges throughout
the food supply chain, enhancing transparency and credibility.

The introduction of blockchain technology offers a promising solution to ensure data integrity and
transparency in food traceability. By leveraging blockchain's advantages, this research aims to improve
food safety and foster consumer confidence in the food supply chain.

3. Food Traceability Mechanism
3.1. Definition of Food Traceability Mechanism

A food traceability mechanism is a systematic approach employed to track and document the entire
journey of food products within the supply chain, encompassing their production, processing, distribution,
and retail stages [81. It involves the collection, recording, and storage of critical data, such as origin,
ingredients, processing methods, transportation routes, and distribution channels. This information
facilitates quick retrieval and verification as needed by stakeholders, including producers, manufacturers,
regulators, retailers, and consumers. By enabling rapid product recalls and identifying the source of
potential foodborne illnesses or contamination, the implementation of a robust food traceability
mechanism enhances transparency, accountability, and consumer confidence in the food industry,
contributing to safer and more secure food supply chains.

3.2. Purpose and Significance of Establishing Food Traceability Mechanism

In China, a significant agricultural country, establishing a food traceability mechanism is crucial due
to the decentralized nature of the primary industry. The perishable, fragile, and non-standard
characteristics of the food supply underscore the necessity for such a system. The mechanism involves
tracing the entire life cycle of food products, including production, processing, and distribution.

For consumers, this empowers them with comprehensive insights into food origin, ingredients,
processing, and distribution, instilling confidence in food safety. Regulators benefit from preventive
measures against food safety incidents, minimizing associated losses. Enterprises streamline logistics
and information management, enhancing efficiency.

Achieving an effective mechanism necessitates seamless information integration across the supply
chain, demanding efficient logistics and information management. By achieving integration, the overall
cost of the food supply chain can be reduced.

In summary, the establishment of a food traceability mechanism is vital in China's agricultural
landscape. It benefits consumers, regulators, and enterprises, fostering food safety confidence, curbing
incidents, and optimizing supply chain management.

3.3. Current Status of Food Traceability Mechanism

Developed economies have made significant progress in establishing and enhancing food traceability
mechanisms. Japan and the United States prioritize safety, implementing comprehensive traceability
systems for seafood and meat. The European Union emphasizes regulations for efficient food recalls
during outbreaks. Australia and Canada also focus on food traceability to ensure product integrity and
safety .

In China, theoretical research on food traceability thrives, but progress in legal and commercial
aspects lags, hindering the establishment of comprehensive systems. Limited scope and inadequate
traceability strength pose challenges for widespread implementation by enterprises. Low consumer trust
persists due to centralized management and human factors.

Overcoming these challenges is vital to bolstering consumer confidence in food safety and
authenticity. Efforts must continue to enhance traceability mechanisms, enabling a safer and more
transparent food supply chain.
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4. Blockchain Technology
4.1. Principles and Characteristics of Blockchain Technology

Blockchain, originating from Nakamoto's 2009 paper, is a decentralized, distributed digital
accounting system (Figure 1) ['%. It forms a chain of time-stamped blocks containing transactional data
and system information. Key features are: 1) Decentralization grants equal rights and backups among
nodes, ensuring uninterrupted functionality. 2) Transparency allows joint authentication for data updates,
removing the need for mutual trust. 3) Privacy ensures anonymity for enhanced security. 4) Traceability
safeguards data integrity across nodes. 5) Collective Maintenance involves all users as nodes for
blockchain upkeep. These features enhance data security, transparency, and integrity in various domains,
including food traceability.
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Figure 1: Organization Structure of Blockchain.
4.2. Traceability System Based on Blockchain

The blockchain-based traceability system (Figure 2) is a decentralized distributed system. It uses IoT
technology for efficient data collection and transmission, managing comprehensive product data in the
food supply chain. Various stakeholders contribute, update, and access information in the distributed
database. Products are linked to unique digital encrypted identifiers, while users possess distinct digital
identifiers with details like introduction, location, authentication, and product associations.
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Figure 2: Framework of the Proposed Traceability System.

The entirety of system data resides in the distributed database and remains accessible to all users. The
system operates based on a defined set of consensus rules, encoded and stored within the distributed
database. These rules govern user interactions and data sharing within the system. Moreover, once the
rules are established within the distributed database, they become immutable, with modifications
requiring broadcasting to all nodes and verification by the majority of nodes before implementation.
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5. Blockchain-Based Traceable Intelligent Packaging for Food
5.1. Intelligent Packaging

5.1.1. Concept of Intelligent Packaging

Intelligent packaging has two main functions: preserving and ensuring the safety of commodities
through novel materials and enhancing transportation and packaging efficiency with information
technologies 111,

For this paper, smart packaging is defined as possessing intelligent capabilities like detection, sensing,
tracking, and communication (Figure 3). Its unique characteristic is the ability to interact with
information. Packaging serves as an ideal conduit to convey essential information about the food's
journey during transportation and storage in the dynamic food supply chain.
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Figure 3: Information flow of intelligent packaging in the supply chain.
5.1.2. Realization of Intelligent Packaging

The implementation of smart packaging relies primarily on data carrier terminals affixed to the
packaging. These terminals, responsible for storing and transmitting data, commonly employ
technologies like bar codes, radio frequency identification (RFID), or printed circuit technology.

Bar codes, which surfaced in the 1970s, serve as the most prevalent and cost-effective data carrier for
packaging 11 Initially limited to storing merely 12 digits of information, advancements in scanning
technology and new barcode formats now allow for substantially increased data capacity ['*],

RFID tags, on the other hand, utilize radio frequency circuitry to store and transmit product
information, enabling effective product identification and tracking. Comprising an integrated circuit
linked to a miniature antenna, the RFID tag communicates stored data to a reader ['*. Compared to bar
codes, RFID boasts numerous advantages, including an extended reading range, robust penetration,
heightened efficiency, and large data storage capacity. Moreover, readers do not require direct alignment
with the tags, and multiple tags can be read simultaneously.

5.2. Blockchain-Based Traceable Intelligent Packaging System for Food

The proposed blockchain-based traceable smart packaging system (Figure 4) applies smart packaging
technology across the food supply chain, enabling data collection, transmission, and sharing from
production to sales. Leveraging blockchain technology ensures system information's credibility and
authenticity, encompassing all supply chain entities, including food safety and quality supervision
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organizations, for the swift response to food safety incidents.

— — —
Real-time tracking - - r —~ - Traceable system,
and monitoring - ~ ~ Internet
e
V¢ -

Regulator - ’></

/

/< -= material
/ producer \
/ \
\
‘\4— - Storage |d————— -‘P]
/
\ /
\ -
N | Lot Distibutor == %
N\ >

-

N =~
~ - Information collection,
RFID. Barcode —_—— = transmission and sharing

Figure 4: Framework of a food traceability system based on blockchain technology.

The integration of smart packaging and blockchain enables comprehensive identification, querying,
monitoring, and tracking of supply chain information. It offers a secure, transparent, and traceable
platform for all stakeholders ['*]. Complementary technologies like wireless sensor networks (WSN),
global positioning systems (GPS), and geographic information systems (GIS) support the traceability
system. For example, GIS and RFID monitor raw food material production, while GPS aids in vehicle
location and route optimization during delivery. These features empower traceability systems to ensure
food safety, accurate recalls, and defect investigations.

Traditional centralized food traceability systems face issues of fraud, data tampering, and information
falsification. In contrast, blockchain-based traceability involves government departments and third-party
regulators as regulatory units, mandating RFID technology adoption for supply chain transparency and
real-time food tracking, ensuring food safety effectively.

5.3. Application Cases

Blockchain technology has significant applications in food traceability in developed countries. For
example, Carrefour in France traces agricultural products like eggs and milk, offering comprehensive
information to consumers. An exemplary case involves chicken in the Auvergne region, where barcode
scanning provides details on origin, breeding, feed, and antibiotic use. This end-to-end tracking ensures
supply chain transparency (Figure 5).

Figure 5: Carrefour uses blockchain technology to track chickens.

Walmart is another example, requiring its vegetable and fruit suppliers to adopt an IBM-developed
blockchain system for instant, end-to-end food traceability since September 2019. Leading food
companies like Nestle and Unilever are also active participants in this blockchain project (Figure 6).
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Figure 6: Walmart uses blockchain technology to track oranges.

In China, a joint initiative called the Covantis Initiative, involving companies like COFCO, ADM,
Bunge, Cargill, Louis Dreyfus Group, and Canon Agriculture, was launched on March 31, 2020. This
initiative aims to promote the digitization of international trade using blockchain technology to reduce
transaction risks effectively. COFCO's e-commerce platform specifically applies blockchain technology
to southern Jiangxi navel oranges, constructing an anti-counterfeiting traceability system known as the
"Bit Orange." Through barcode technology, each orange's information is uploaded to the blockchain
system, and consumers can access this data by scanning the barcode with their cell phones (Figure 7).

Figure 7: COFCO uses blockchain technology to track oranges in the "Bit Orange." box.

These application cases demonstrate the feasibility, reliability, and superiority of food traceability
systems based on blockchain technology. When applied to smart packaging, such traceability systems
offer consumers a highly reliable information channel for the food supply chain, enhancing enterprise
brand value while safeguarding consumer interests.

6. Conclusions

This dissertation extensively explored the integration of blockchain-based smart packaging design
for food traceability in China, with the primary goal of establishing a robust and transparent system to
enhance consumer confidence in food safety. By combining blockchain technology with smart packaging,
key data points were recorded in a decentralized manner, bridging the information gap between producers
and consumers. The proposed decentralized food traceability system demonstrated improved market
regulation efficiency and effective mitigation of counterfeit products, leading to enhanced consumer trust
in the food supply chain.

Case studies further validated the effectiveness of blockchain-based smart packaging in enhancing
food traceability and consumer trust. The practical implications of this research are vital for advancing
food traceability practices and promoting a secure food supply chain. Embracing such innovations will
ultimately enhance food safety, consumer confidence, and market integrity.
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In conclusion, the integration of blockchain-based smart packaging represents a crucial step in
fortifying food traceability and safety. This research contributes to the expanding knowledge of
blockchain technology applications in the food sector, fostering a safer and more transparent food
ecosystem.
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