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Article History: Abstract: The use of blockchain technology in 
enhancing cold chain management is drawing more 
significant enthusiasm as a revolution in resolving the 
problem. This study evaluates how blockchain can be 
strategically useful in improving product integrity, 
regulatory, and consumer confidence in temperature-
sensitive supply networks. Based on a qualitative 
review of the latest academic sources, the study 
explores how traceability, transparency, and 
decentralised data governance by the use of blockchain 
can resolve the historical issues, including 
fragmentation of records, risk of counterfeiting, and 
poor monitoring visibility. These results show that 
blockchain enhances the reliability of the information, 
promotes compliance checks, and facilitates the 
coordination of stakeholders. Its successful 
implementation is achieved through the institutional 
preparedness, the regulatory congruency, and the 
cooperation of supply chain participants. 
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INTRODUCTION 
The safety and quality of products, depending on 
temperature, in the contemporary globalised 
economy, is now a matter of concern. Cold chain 
systems are complex supply networks that control 
the storage and transportation of perishable 
commodities, including food and pharmaceuticals. 
The integrity of products and regulatory 

compliance is frequently compromised by 
fragmentation of information systems, insufficient 
transparency and inadequate mechanisms of 
traceability. These restrictions compound risks of 
spoilage, contamination, fraud and counterfeit 
products and eventually affect consumer 
confidence. 
The blockchain technology is becoming a possible 
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solution to these issues as it offers a decentralised, 
non-externalizable ledger for the secure and 
transparent entry of transactions. The blockchain 
improves monitoring, accountability, and 
coordination among supply chain stakeholders by 
enabling peers to share real-time data and 
automatically verify the information by way of 
smart contracts. The study explores the strategic 
importance of blockchain to the management of the 
cold chain in ensuring stronger product integrity, 
enhanced compliance, and long-term consumer 
trust. 
 
Literature Review 
Blockchain-Enabled Transparency and Traceability 
in Supply Chains 

Blockchain is being discussed as a revolutionary 
technology in the supply chain management 
system, specifically by increasing the level of 
transparency, traceability, and data protection. Liu 
et al. (2022), a review of blockchain-based supply 
chain applications and traceability, transparency, 
and data security are perceived as the primary 
directions of research. The article highlights that 
decentralised ledger of blockchain, consensus 
mechanisms, and smart contracts enhance the 
sharing of information and minimise fraud and 
costs of transactions. The issues of data asymmetry 
and fragmented data systems are resolved by 
immutability and cryptographic security because 
supply chain members trust each other. 
 

 

 
Fig 1: Blockchain-Enabled Food Supply Chain Network

 
According to Ellahi et al. (2023), blockchain models in 
food supply chains show how blockchain can provide 
better end-to-end product traceability throughout 
the supply chain (origin to consumer). Conventional 
systems have difficulties in data disintegration, poor 
tracking, and transparency, but blockchain asserts 
safe and irrefutable tracking of goods. The review 
also states that it can be integrated with Industry 4.0 
technologies such as the Internet of Things, 
radiofrequency identification, and big data analysis to 
improve the observation, checking of compliance, 
and real-time visibility. 
 
These studies show that blockchain provides 
strategic advantages to cold chain management 
through enhancing product integrity, advancements 
in compliance monitoring, and consumer trust due to 
an open and verifiable supply chain history. 
Blockchain, Supply Chain Resilience, and Sustainable 
Performance 
 
Blockchain acts as a strategic enabler of resilient 
supply chains and sustainable supply chains. 
According to Wang et al. (2025) study, blockchain 
abilities, including transparency, traceability, real-
time connectivity and cybersecurity, as well as the 

cost efficiency of transactions, are found as central 
drivers behind autonomy of the supply chain (SCR).  
 
The authors base their argument on dynamic 
capabilities theory to argue that blockchain enhances 
the sensing, responding, and recovery aspects of 
firms to disruption. The evidence of the empirical 
studies conducted by Chinese logistics companies 
indicates that the use of blockchain in the 
transparency and cost-efficient procedures 
contributes a lot to the promotion of SCR and, 
consequently, the economic and environmental 
outcomes. Co-creation of values plays a mediating 
role and enhances collaboration and long-term 
sustainability results. 
 
Lumineau et al. (2025) are talking about the 
disruptive ability of blockchain in operations and 
supply chain administration, and deal with the issues 
of technology and governance. Scalability, 
interoperability, regulatory uncertainty, and buy-in 
at the organisational level are some of the issues that 
the editorial emphasises, which implies that the value 
of blockchain depends on the context and 
institutional preparedness. The authors demand 
novel theoretical perspectives to grasp decentralised 
trust and digital governance beyond conventional 
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transactional economics. 
 
These studies suggest that blockchain, along with its 
strategy-making, can offer strategic value in cold 
chain management, making it more resilient, 

transparent, and collaboratively governed, and 
embedding it within the supportive regulatory and 
organisational framework in order to be sustainably 
implemented. 
 

 
Sustainable Cold Chain Transformation and Digital Traceability in Supply Networks 
Food cold chains are central to the realisation of sustainable change in supply chains worldwide. Trotter et al. 
(2023) prepared a large systematic literature review of more than 48,000 studies and found that cold chains are 
closely linked to a variety of Sustainable Development Goals (SDGs), such as climate action, clean energy, health, 
and reduced food loss. 
 

 
Fig 2: Sustainable Development Goal (SDG) linkage types, distribution, and strengths

 
The review notes that although there is a well-
established association between cooling 
infrastructure and sustainability outcomes, most 
current studies do not focus on system-based 
analysis and local area-specific design often found in 
low-income nations. The authors claim the need to 
integrate goals more widely, conduct more thorough 
value chain analysis, and employ localised 
implementation strategies in order to empower 
sustainable cold chain achievements. 
 
Kutybayeva et al. (2025) show that the integration of 
blockchain and big data increases clarity, safety, and 
efficiency of supply chains, especially in 

pharmaceutical logistics. Their EBETPSCM 
architecture uses the Hyperledger Fabric and Hadoop 
analytics to enhance the degree of traceability, have 
data immutability, and have real-time monitoring, 
with temperature-sensitive product tracking. The 
decentralised consensus and the use of data-driven 
insights can contribute greatly to compliance and 
trust. 
 
These articles indicate that a bidirectional cold chain 
design based on sustainability and blockchain-
enabled transparency generates strategic value by 
increasing product integrity, regulatory compliance, 
and stakeholder trust provided through complex 
supply networks. 

 
Blockchain for Provenance, Risk Mitigation, and Cold Chain Integrity 
The current studies emphasise the increased role of blockchain and its capability to enhance the supply chain 
provenance and accumulate supply chain operational reliability. Vazquez Melendez et al. (2024) state that a 
systematic literature review that proves that blockchain improves the supply chain efficiency in the area of 
enhanced traceability, authenticity checks, and viewed data. In their analysis, they focus on the idea that in the 
academic literature, tracking and system-level trust tend to be the starting point of business value, whereas in 
industry sources, transparency and provenance tend to be the drivers of business value. The paper singles out 
product fingerprinting to determine techniques as crucial tools to fill the gap between tangible products and online 
records, enabling the mitigation of the risk of counterfeit and enhancing quality assurance as a factor of interest in 
temperature-sensitive supply chains. 
 
The review of implementing blockchain in critical systems highlights the presence of blockchain in critical systems 
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to provide real-time monitoring, smart contracts to enhance automation, and safe information management in the 
cold chain setting. It describes the use of sensors using IoT and combined with blockchain to track the temperature 
status, which guarantees that products remain intact and their spoilage is reduced. There are some challenges in 
operations, such as the uncertainty in regulations, the risk of cybersecurity, and the complexity of integration, which 
determine the adoption decision.
 

 
Figure 3: Blockchain-Based Supply Chain Management

 
Mutual Legal Assistance Treaties (MLATs) 
On this provenance advantage, recent research is 
underway examining how blockchain can be used to 
address the special vulnerability of multi-modal cold 
chain transportation, which has goods frequently 
moving through the air, sea and road transportation. 
Any transfer location can have a failure point where a 
temperature controller can break or documents can 
be lost. According to the recent discoveries of the 
researchers in the transport logistics industry, it can 
be concluded that the ability of blockchain to make 
sure that there is an unbroken and imperfect record 
across these modalities limits significantly on 
information asymmetry brought about by carriers 
(Lumineau et al., 2025). As example, once the 
products goes through the refrigerated truck into an 
airport cold storage facility, both parties will 
immediately have access to the whole temperature 
history and can confirm this and eliminate the 

question of when and where damage may have 
occurred. The digital chain of custody has been 
particularly employed in high-value biologic and 
transplant tissues, where the chain-of-custody 
evidence can be no better than temperature control. 
The literature goes further to imply that the 
regulators have begun to discuss blockchain records 
as valid evidence to audit compliance so that the 
process of clearing customs with short-fuse medical 
goods can speed up, and the physical inspection will 
be minimized. 
 
These findings indicate that blockchain provides 
strategic advantages in cold chain management due 
to reinforced providence checks, lessened 
operational risks, and increased transparency in 
compliance and increased consumer trust in product  
authenticity and safety.  
 

 
METHODOLOGY 
The methodology of this study adopts the qualitative approach to secondary data research to review the strategic 
worth of blockchain in the management of the cold chain. The study is based on the review of peer-reviewed journal 
articles, conceptual frameworks, and the models by which traceability can be traced to blockchain, logistics 
transparency, and supply chain monitoring. 
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Fig 4: The Relationship between Integrity, Compliance, and Consumer Trust 

 
Ethical practices within the supply chains are strengthened by integrity and transparency to promote regulatory 
compliance in the chain. The standards of legal protection and compliance with the requirements of the industry 
are reinforced by compliance, and, as a result, consumer trust becomes more stable (Nguyen et al. 2022). Trust leads 
to brand loyalty and better image, which eventually promote sustainability of the business in the long run by 
harmonising proper governance, market trust and the confidence of the stakeholders in the organisational 
processes and product reliability. 
 

 
Fig 5: Blockchain Traceability Framework 

 
 

The study is based on the theme analysis approach. The reviews of the literature are done to extract important 
concepts and system peculiarities of blockchain-based traceability. The results are clustered into broad themes such 
as product integrity, compliance monitoring, and trust development (Ahamed and Karthikeyan, 2024). This 
approach aligns with the contemporary body of research investigating blockchain supply-chain, which analyses 
traceability systems through literature synthesis and conceptual modelling as opposed to using primary data.  
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Analysis 
Cold chain systems are turning out to be more complicated with the products in transit among production, storage, 
transport, and distribution processes with numerous participants. That complexity results in poor monitoring, 
broken data and low responsibility. Rigid traceability systems are based on central databases, where information 
can be manipulated with small difficulty, and this heightens safety concerns and doubts with the consumer. 
 
 

 
Fig 6: Goods Transportation Blockchain 

 
 

Blockchain is coming up as a solution through the establishment of a distributed, immutable product movement 
record. This enhances traceability, efficient recording of storage and transport data, and businesses are able to 
identify safety problems at earlier stages, and the ability to issue product recalls more quickly, efficiently and 
accurately. 

 
Table 1: Key actors shaping blockchain governance in supply chains 

Actor type Description Examples 

Lead firms Major branded retailers or consumer brands Wal-Mart, Nestle, Coca-Cola, 
Ford, LG, Mercedes-Benz 

Consultancies Management consultancies offering a broad range 
of 
services 

PwC, KPMG, RCS Global, BCG 

Third-party audit 
firms 

Specialised third-party sustainability audit 
providers, 
includes both existing firms adopting blockchain, 
new specialist blockchain-based auditors 

Existing firms: Trace Register 
New firms: Circular, ever ledger, 
Provenance, 

Tech providers ICT companies or loser consortia providing 
blockchain platforms, software 

IBM, Oracle, SAP 

Regulators Public regulatory agencies directly supporting 
projects 

US Department of State, OECD 

(Source: Bernards et al. 2024) 
 

The blockchain decreases the risks of fraud, delays, and counterfeits since transactions are transparent and 
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verifiable. Having secure data, sharing and tamper-free records are major adoption drivers that provide an 
atmosphere of trust in the digital environment where handling of products is still visible. Another challenge in cold 
chains noted in the literature is compliance, since the traditional systems do not have real-time monitoring and 
integrated platforms. Distributed data, inaccurate records, and poor coordination levels heighten operational risks 
and complicate regulatory verification for the companies and authorities. 

 
 

 
Fig 7: Flow of the traditional supply chain 

 
 

Blockchain is solving these compliance issues by establishing a single database in which every transaction is time-
stamped and duly recorded forever. This common ledger is enhancing the level of transparency among the 
stakeholders and minimising documentation errors that occur due to manual procedures (Agarwal et al. 2022). The 
supply-chain research of the agricultural industry is emphasising that blockchain is enhancing the reliability of 
traceability data and enhancing a tighter coordination between the supply chain participants, which is aiding 
companies to satisfy the monitoring and reporting conditions better. 
 
 

 
Fig 8: Blockchain Data Collaboration Flow 

 
Due to the alleviation of blockchain records, the firms are receiving better evidence of storage conditions, 
transportation history, and product authenticity. This aspect simplifies the auditing process and facilitates 
accountability throughout the network. The analyses also indicate that the advantages of the blockchain rely on the 
preparedness of the organisation and collaboration between partners (Doshi et al. 2024). Adoption necessitates 
connecting with the systems in place and alignment with regulations, implying that blockchain is acting as a 
governance system and not as a simple technology upgrade. 
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Fig 9: Advantages of using Blockchain technology in SCM 

 
 

The high number of cold chain failures is lowering the confidence of the people, as buyers have no assurance about 
the way the products are kept or managed. Contamination, food safety accidents, and wrong labelling are 
undermining consumer confidence between producers and consumers. Studies are revealing that in agricultural 
markets, a crisis of confidence is arising due to a lack of reliable product information, which is not only impacting 
the firms but also consumers (Agarwal et al. 2022). 
 
The introduction of blockchain is a solution to this issue, and it enhances product data transparency. Stakeholders 
are getting access to information concerning origin, storage conditions and history of transports. This sense of 
visibility is enabling the buyers to make wise choices and enhancing the sense of product safety and genuineness. 
Clear traceability systems are also enabling the right of the consumer to know about the processes of how goods 
are produced and handled, and this is enhancing confidence in the supply chains. 
 
Research is also showing that the development of trust is one of the key drivers of being able to adopt blockchain. 
The verified and shared data is mitigating the reliance on third parties and promoting collaboration between supply 
chain players. Other studies, however, suggest that transparency is not sufficient to address more entrenched issues 
to do with governance since trust is still contingent on such ethical practices, system design and institutional 
accountability. 
 

 
Fig 10: Cold Chain Data Recording Flow 
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Blockchain has been inventing strategic value in the realms of cold chain management by enhancing levels of 
reliability, tracking, and visibility of their data. It assists alignment amongst supply chain actors and minimises the 
risks associated with feeble traceability and responsibility. The literature also indicates that it is not an individual 
act since the collaboration of stakeholders and the governing forces, as well as organisation preparedness, 
influences performance. Signs have shown that blockchain enhances information governance, product integrity, and 
consumer confidence, but the success needed to be realised in the long term with more institutional backing. 
 
In addition to enhancing traceability, the use of blockchain is also redefining the distribution pattern of risks on cold 
chain networks. The traditional systems usually depend on incomplete documentation and reports taking much 
time and firm responsibility becomes hard to trace in case of quality failure. A distributed ledger introduces a 
common journal that can be read by trusted members and has the advantage of checking the person who processed 
a product, at what time it is transferred, and in what conditions it is stored (Zhang et al. 2022). The common view 
decreases liaisons on a matter and allows quicker decision-making in case of chaos or safety accidents. 
 
The second advantage of blockchain that has been expressed in recent studies is its ability to facilitate predictive 
supply chain management. A systematic receipt of traceability records at each of the stages can enable firms to 
compare the past temperature recordings, transportation time and storage status to predict a scenario leading to 
risk. These types of data-driven insights allow preventive action instead of reacting to it, which is especially useful 
in perishable product networks where time passes swiftly to financial losses. 
 
Organisational behaviour is also being affected by the use of blockchains. Companies that embrace the technology 
usually re-engineer their internal procedures to standardize data input, automate reporting and enhance 
interdepartmental communication. This transformation of processes enhances accountability amongst companies 
as well as within them. The common digital infrastructures can promote choices about more collaborative 
ecosystems, where partners share information more freely since the verification processes can mitigate 
opportunistic behaviour. 
 
The high costs involved in investing in new systems, the technical-skill energy demands and the incompatibility 
with the old systems remain the contributors to slow adoption. Smaller suppliers, specifically, might not be able to 
get into blockchain networks without financial or technological assistance. Policy incentives, industry standards 
and scalable technology frameworks that enable all actors in the supply chain to participate are possible to be the 
main ingredients to long-term success. 

 

DISCUSSION 
The results of the present study support the work of 
other investigators that supply networks of food and 
cold chains in the contemporary world are extremely 
fragmented. These make it difficult to trace the 
condition of the products, to keep them on track, and 
to retain faith among the participants of the process. 
The conventional traceability systems are extremely 
dependent on the centralised databases, which can 
restrict openness, and data manipulation is hard to 
identify (Khair and Sandu, 2023). This absence of 
trustworthy information exchange may add to the 
risks to safety and diminish consumer trust in the 
origin of the product and its quality. 

 
In the reviewed literature, all the time blockchain 
technology has been proposed to be a structural 
solution to these flaws. Blockchain allows a secure 
and secure registration of production, storage, and 
transportation events within the supply chain since 
transactions are stored in an immutable distributed 
ledger. Previous framework-based literature 
illustrates the ability of smart contracts and 
decentralised storage to improve auditability, 
automation of venture processes, and enable 
stakeholders track their products during the life cycle 
to improve supply chain integrity and accountability. 
 

 
Table 2: Strategic Challenges and Collaborative Solutions for Blockchain Adoption in Cold Chains 

Strategic Challenge Description Collaborative Solution Expected Outcome 
Data 
Standardization 

Absence of standardized 
temperature, handling 
and product data 
formats across 
organizations and 
systems. 

Creation of industry 
consortia (GS1) to work out 
and enforce universal data 
protocols and APIs. 

Smooth connections 
between various 
blockchain systems and 
existing systems. 

Governance & Legal 
Frameworks 

A grey legal 
responsibility in case a 

Establishment of multi-
stakeholder governance 

Strong legal systems 
that establish the 
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smart contract is 
executed automatically 
or data is controversial 
across borders. 

boards such as the lawyers, 
regulators, and firms to 
establish the mechanism of 
the conflict resolutions. 

ownership, right of 
access and liability of 
data in a decentralized 
network. 

High Initial 
Investment & ROI 
Uncertainty 

Huge initial expenses of 
IoT integration, system 
upgrade, and training, 
and a long-term and 
distributed payoff. 

Industry consortia and 
public-private partnerships 
to fund infrastructure 
development by sharing 
costs. 

Less financial strain on 
individual companies, 
quicker adoption and 
proving its worth over 
the long term. 

Cybersecurity & 
Data Privacy 

More exposed surface to 
attacks due to bound 
IoT devices and 
commercial sensitivity 
of data on a shared 
ledger. 

Use of permissioned 
blockchains with more 
complex cryptography 
(zero-knowledge proofs) to 
prove data without 
showing it. 

A safe place that keeps 
the proprietary 
information safe and 
the integrity intact. 

 
One of the notion is that blockchain can lead to a 
culture of transparency, where the books of record 
are set in stone, and unscrupulous behaviour, like 
mishandling, is not practiced. The research reveals 
the best practices prior to the digitization which 
reveals the expected scrutiny that will lead to failure 
before it occurs. However, benefits are uneven. The 
high value products are worth the costs, the low-
margin commodities will stand the threat of being 
pushed out of the game making it a two-level quality 
regime. The future research should be determined to 
come up with scalable and inexpensive solutions that 
can make blockchain transparency the standard in 
the industry rather than a choice. 
The latest studies continue this view of incorporating 
blockchain with other modern technologies like 
federated learning. This integration helps all 
participants to exchange information without the 
need to reveal confidential information, which 
enhances cooperation and keeps the security level 
intact (Mvubu and Naude, 2024). Large multi-tier 
supply chain can be characterised by transaction 
processing delays and the strain of implementation. 
 
 

CONCLUSION  
Blockchain can be used to improve cold chain 
management systems to significant strategic 
potential. Blockchain can improve the integrity of 
products and compliance with regulations by 
increasing traceability, data immutability, and 
sharing information in a transparent way. The 
literature review shows that blockchain lowers the 
risk of fraud, enhances effectiveness in monitoring, 
and boosts stakeholder cooperation, which 
ultimately builds on consumer trust. Its usefulness is 
determined by the organisational preparedness, 
technology blending, and good governance systems. 
Although blockchain is not a one-dimensional 
solution, it serves as a strong information governance 
tool that is disruptive to the way cold chains are held 

accountable and transparent. The development of 
institutional, technological, and regulatory efforts is 
necessary to achieve long-term success. 
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