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ABSTRACT: Blockchain-enabled supply chain management (SCM) has emerged as a transformative approach to 

addressing long-standing challenges related to transparency, trust, traceability, and efficiency in global supply 

networks. Traditional supply chain systems are often fragmented, centralized, and opaque, making them vulnerable to 

data manipulation, fraud, counterfeiting, inefficiencies, and limited stakeholder trust. The increasing complexity of 

multi-tier supply chains, coupled with growing regulatory and consumer demands for ethical sourcing and 

sustainability, necessitates innovative technological solutions. Blockchain technology, with its decentralized, 

immutable, and transparent ledger capabilities, offers a promising foundation for reengineering supply chain processes. 

This study explores the role of blockchain technology in enhancing transparency and trust across supply chain 

ecosystems. By enabling real-time, tamper-resistant recording of transactions and asset movements, blockchain 

facilitates end-to-end visibility among all authorized stakeholders, including manufacturers, suppliers, logistics 

providers, regulators, and consumers. Smart contracts further automate and enforce predefined business rules, reducing 

reliance on intermediaries, minimizing disputes, and improving operational efficiency. The integration of blockchain 

with complementary technologies such as the Internet of Things (IoT), artificial intelligence, and big data analytics 

strengthens data accuracy and supports predictive and prescriptive decision-making within supply chains. 

 

The abstract highlights key benefits of blockchain-enabled SCM, including improved traceability of products, enhanced 

accountability, reduced fraud and counterfeiting, faster dispute resolution, and strengthened stakeholder trust. 

Additionally, blockchain supports compliance with regulatory requirements and sustainability initiatives by providing 

verifiable records of sourcing, production, and distribution activities. Despite these advantages, the adoption of 

blockchain in supply chains faces several challenges, such as scalability limitations, interoperability issues, high 

implementation costs, data privacy concerns, and the need for industry-wide collaboration and standardization. 

 

This study underscores the strategic importance of blockchain as an enabler of transparent and trustworthy supply 

chains while acknowledging the technical, organizational, and regulatory barriers that must be addressed for successful 

implementation. The findings contribute to the growing body of knowledge on digital supply chain transformation and 

provide insights for practitioners, policymakers, and researchers seeking to leverage blockchain technology for building 

resilient, secure, and sustainable supply chain networks. Ultimately, blockchain-enabled supply chain management 

represents a critical step toward fostering trust, accountability, and long-term value creation in modern supply chain 

ecosystems. 
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I. INTRODUCTION 

 

Supply chain management (SCM) plays a critical role in the efficient movement of goods, information, and finances 

across interconnected networks of suppliers, manufacturers, distributors, and consumers. In today’s globalized and 

highly competitive markets, supply chains have become increasingly complex, involving multiple stakeholders 

operating across different geographical regions. This complexity often leads to challenges such as limited transparency, 

lack of trust among participants, data silos, fraud, counterfeiting, and difficulties in traceability and compliance. 

Traditional centralized information systems are frequently inadequate to address these issues, as they rely on 

intermediaries and fragmented databases that are prone to errors, manipulation, and delays. In response to these 

challenges, blockchain technology has emerged as a promising solution capable of transforming supply chain 

operations. By offering a decentralized, immutable, and transparent ledger for recording transactions, blockchain 

mailto:dbanerjee@kluniversity.in


   International Journal of Research and Applied Innovations (IJRAI)       

                     | ISSN: 2455-1864 | www.ijrai.org | editor@ijrai.org | A Bimonthly, Scholarly and Peer-Reviewed Journal | 

 ||Volume 8, Issue 6, November–December 2025|| 

DOI:10.15662/IJRAI.2025.0806028 

IJRAI©2025                                                            |     An ISO 9001:2008 Certified Journal   |                                                 13058 

 

enables secure information sharing and real-time visibility across the entire supply chain. The integration of blockchain 

into supply chain management enhances traceability, strengthens trust among stakeholders, and improves operational 

efficiency through features such as smart contracts and automated verification. Consequently, blockchain-enabled 

supply chain management is gaining increasing attention from researchers and practitioners as a strategic approach to 

building transparent, trustworthy, and resilient supply chain ecosystems. 

 

II. LITERATURE REVIEW 

 

Recent literature widely recognizes blockchain as a disruptive technology with strong potential to improve supply chain 

transparency, traceability, and trust by providing an immutable and shared record of transactions among multiple 

stakeholders. Early conceptual studies emphasize that traditional supply chains suffer from fragmented information 

systems, limited interoperability, and reliance on centralized intermediaries, which create opportunities for data 

tampering, fraud, and inefficient reconciliation. Researchers argue that blockchain addresses these weaknesses through 

decentralization, cryptographic security, and consensus mechanisms that enable participants to validate and store 

records without requiring a single controlling authority. This feature is particularly valuable in multi-tier supply chains 

where trust is often low and visibility is restricted beyond immediate suppliers. 

 

A major stream of research focuses on traceability and provenance, highlighting blockchain’s capability to record 

product origin, ownership transfers, and process histories in a tamper-resistant manner. Studies across sectors such as 

food, pharmaceuticals, luxury goods, and electronics report that blockchain-based traceability reduces counterfeiting, 

improves recall management, and strengthens consumer confidence by enabling verification of product authenticity and 

ethical sourcing. Literature also discusses smart contracts as an operational enhancement, where automated execution 

of predefined rules can streamline procurement, payments, quality verification, and customs processes. Scholars 

highlight that smart contracts may reduce transaction costs, improve coordination, and minimize disputes by enforcing 

accountability through transparent business logic. 

 

Another research direction examines integration with IoT and sensor technologies, where real-time data such as 

temperature, humidity, location, and handling conditions can be captured and anchored to the blockchain ledger. This 

combination is widely reported to support cold-chain monitoring, predictive maintenance, and quality assurance by 

reducing manual reporting and increasing data reliability. However, many authors also note that blockchain does not 

inherently guarantee data accuracy at the point of entry, leading to discussions around the “garbage in, garbage out” 

challenge and the need for secure data capture mechanisms and auditing frameworks. 

 

Despite its benefits, literature consistently identifies significant adoption barriers. Scalability and performance 

limitations are frequently reported, as public blockchains may struggle with high transaction volumes, latency, and 

energy consumption, while private/permissioned blockchains may raise concerns regarding governance and 

decentralization trade-offs. Interoperability and standardization remain unresolved issues, especially when multiple 

blockchain platforms and legacy enterprise systems must coexist. Additionally, researchers emphasize privacy and 

confidentiality challenges, since supply chain actors may be reluctant to share commercially sensitive data on a shared 

ledger, even in permissioned environments. Legal and regulatory uncertainty, high implementation costs, skills 

shortages, and the need for multi-stakeholder collaboration are also widely highlighted as obstacles to real-world 

deployment. 

 

Overall, existing literature suggests that blockchain can significantly enhance supply chain transparency and trust when 

combined with appropriate governance models, data standards, and complementary technologies. However, scholars 

call for more empirical studies, large-scale pilots, and sector-specific frameworks to validate blockchain’s long-term 

value, quantify return on investment, and guide practical adoption in complex global supply chains. 

 

III. RESEARCH METHODOLOGY 

 

This study adopts a mixed-method research methodology to examine the impact of blockchain-enabled supply chain 

management on transparency and trust. The mixed-method approach is selected to provide a comprehensive 

understanding by integrating both qualitative insights and quantitative evidence. The research design is exploratory and 

explanatory in nature, aiming to analyze existing practices, identify key determinants of blockchain adoption, and 

evaluate its effectiveness in enhancing supply chain visibility and stakeholder trust. 
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The qualitative phase involves a systematic literature review of peer-reviewed journals, conference proceedings, 

industry reports, and white papers related to blockchain technology and supply chain management. This review helps 

identify core concepts, theoretical foundations, technological frameworks, and research gaps. In addition, semi-

structured interviews are conducted with supply chain managers, technology consultants, and blockchain solution 

providers to gain practical insights into real-world implementation, perceived benefits, and challenges. The qualitative 

data are analyzed using thematic analysis to identify recurring patterns and themes related to transparency, trust, 

governance, and operational performance. 

 

The quantitative phase employs a survey-based research approach to collect primary data from organizations that 

have adopted or are in the process of adopting blockchain solutions in their supply chains. A structured questionnaire is 

designed using validated measurement scales to assess key constructs such as transparency, traceability, trust, data 

integrity, and operational efficiency. The survey responses are analyzed using statistical techniques, including 

descriptive analysis, correlation analysis, and regression modeling, to examine relationships between blockchain 

adoption and supply chain performance outcomes. 

 

To strengthen the robustness of the findings, the study also incorporates case study analysis of selected organizations 

from sectors such as food, pharmaceuticals, and logistics where blockchain adoption is more prevalent. These case 

studies provide contextual evidence of implementation strategies, governance models, and measurable outcomes. Data 

triangulation across literature findings, interview responses, survey results, and case evidence enhances the validity and 

reliability of the research. 

 

Ethical considerations are addressed by ensuring participant anonymity, informed consent, and secure handling of data. 

Overall, this methodology enables a holistic evaluation of blockchain-enabled supply chain management, offering both 

theoretical insights and empirical evidence on how blockchain contributes to enhanced transparency and trust in 

modern supply chain ecosystems. 

 

IV. RESULTS 

 

The results of this study demonstrate that blockchain-enabled supply chain management has a significant positive 

impact on transparency, trust, and overall operational performance across supply chain networks. Analysis of survey 

data indicates that organizations implementing blockchain solutions experience substantially improved visibility of 

product flows, transaction histories, and data-sharing processes. Respondents reported enhanced end-to-end traceability, 

enabling real-time tracking of goods from origin to final destination, which reduced information asymmetry among 

supply chain participants. 

 

Quantitative findings reveal a strong positive relationship between blockchain adoption and stakeholder trust. 

Regression analysis shows that transparency and data immutability provided by blockchain significantly influence trust 

levels among suppliers, manufacturers, and logistics partners. Organizations reported fewer disputes related to delivery 

discrepancies, payment delays, and quality verification due to the availability of a single, shared, and tamper-resistant 

source of truth. Smart contracts were found to further strengthen trust by automating contractual obligations, reducing 

manual intervention, and ensuring timely execution of transactions. 

 

Case study results highlight measurable operational improvements following blockchain implementation. Firms 

reported reductions in documentation processing time, improved inventory accuracy, and faster recall management in 

industries such as food and pharmaceuticals. Enhanced traceability helped organizations quickly identify sources of 

defects or contamination, minimizing financial losses and reputational risks. Additionally, blockchain-supported 

provenance records increased consumer confidence by providing verifiable information regarding product authenticity, 

ethical sourcing, and sustainability practices. 

 

The integration of blockchain with IoT technologies yielded improved data reliability and monitoring capabilities. 

Real-time sensor data recorded on blockchain platforms supported better compliance with temperature, handling, and 

storage requirements, particularly in cold-chain logistics. However, results also indicate that data accuracy remains 

dependent on secure data capture mechanisms, emphasizing the importance of reliable IoT infrastructure and 

governance controls. 
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Despite the benefits, the findings identify several challenges affecting implementation outcomes. Organizations 

reported scalability constraints, interoperability issues with legacy systems, and concerns over data privacy and access 

control. High initial investment costs and the need for cross-organizational collaboration were also cited as barriers. 

Overall, the results confirm that while blockchain significantly enhances supply chain transparency and trust, its 

effectiveness depends on technological integration, governance structures, and organizational readiness. 

 

V. CONCLUSION 

 

This study concludes that blockchain-enabled supply chain management represents a powerful and effective approach 

for enhancing transparency, trust, and efficiency in complex supply chain networks. By leveraging blockchain’s 

decentralized, immutable, and transparent ledger capabilities, organizations can achieve end-to-end visibility, improve 

traceability, and establish a reliable shared source of information among diverse supply chain stakeholders. The 

findings confirm that increased transparency directly contributes to higher levels of trust, reducing disputes, mitigating 

fraud and counterfeiting, and strengthening collaboration across supply chain partners. 

 

The study also demonstrates that the use of smart contracts and integration with complementary technologies such as 

the Internet of Things significantly improves operational performance by automating processes, ensuring compliance, 

and enabling real-time monitoring. These capabilities support faster decision-making, improved risk management, and 

enhanced responsiveness to disruptions, particularly in industries with stringent quality and regulatory requirements. 

Furthermore, blockchain-based provenance and audit trails contribute to sustainability initiatives and regulatory 

compliance by providing verifiable records of sourcing and production activities. 

 

However, the research highlights that the successful adoption of blockchain in supply chain management is not without 

challenges. Technical issues such as scalability, interoperability, and data privacy, along with organizational and 

regulatory barriers, continue to limit widespread implementation. Addressing these challenges requires coordinated 

efforts involving standardized frameworks, robust governance models, stakeholder collaboration, and supportive 

regulatory policies. 

 

Overall, blockchain-enabled supply chain management holds significant potential to transform traditional supply chains 

into transparent, trustworthy, and resilient ecosystems. Future research should focus on large-scale empirical studies, 

cost–benefit analyses, and sector-specific implementation frameworks to further validate long-term value and guide 

effective adoption strategies. 
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