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In recent years, numerous studies have examined the impact of Blockchain
Technology on supply chain sustainability. However, limited attention has
been devoted to explaining how blockchain can be applied to enhance
sustainable supply chain practices. Therefore, the present study aimed to
identify the factors influencing supply chain sustainability, investigate the role
of blockchain in each identified factor, and examine the interrelationships
among these factors in order to propose an appropriate model for the
sustainability of the food supply chain. This study is applied in terms of
objective and descriptive-causal in terms of nature and methodology. To
conduct the research, eleven factors were initially identified through a review
of the literature, and the application of blockchain technology in each factor
was examined. Subsequently, by employing the Interpretive Structural
Modeling (ISM) technique, the relationships among the identified factors were
determined, and based on these relationships, a conceptual model for
sustainable supply chain management in the country’s food industry was
developed. Furthermore, the goodness-of-fit of the proposed conceptual model
was evaluated using the Structural Equation Modeling (SEM) approach. A
guestionnaire consisting of 38 items was then designed and distributed among
350 experts, managers, and employees of the food industry using convenience
sampling. The findings of the study demonstrated that resource utilization and
working conditions are considered fundamental factors in achieving
sustainable supply chain management in the country’s food industry.
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Extended Abstract
Introduction

The increasing pressure of global competition, environmental regulations, and rising consumer
awareness regarding sustainability has compelled organizations to move toward more sustainable
operational models. In recent decades, sustainable supply chain management has emerged as one of the
most significant paradigms in industrial and organizational management due to escalating environmental
degradation, resource scarcity, and social concerns associated with industrial activities. Sustainable supply
chain management refers to the strategic integration of economic, environmental, and social objectives
throughout all stages of the supply chain in order to ensure long-term organizational performance and
sustainable development (Dubey et al., 2017). Scholars have emphasized that achieving sustainability in
supply chains requires transparency, traceability, efficient resource utilization, ethical labor practices, and
collaborative relationships among supply chain partners (Bratt et al., 2021). In this context, Blockchain
Technology has attracted substantial attention as an emerging digital technology capable of transforming
supply chain structures and improving sustainability outcomes. Blockchain technology operates as a
decentralized and immutable ledger system in which information is recorded in interconnected blocks
secured through cryptographic mechanisms (Monrat et al., 2019). This structure prevents unauthorized
data manipulation and enhances transparency and reliability throughout the supply chain (Guo & Yu,
2022). The application of blockchain technology enables real-time information sharing, smart contract
implementation, secure transactions, and enhanced traceability of products and processes (Tan &
Saraniemi, 2023). Consequently, blockchain has been recognized as a powerful technological enabler for
sustainable supply chain management because it improves trust among stakeholders, reduces operational
inefficiencies, minimizes fraud, and supports environmental and social sustainability objectives (Khanfar
et al., 2021). The food industry represents one of the most sensitive and strategically important sectors in
both developed and developing economies due to its direct impact on public health, food security,
economic growth, and environmental sustainability. In many countries, including Iran, food supply chains
face serious sustainability challenges associated with resource depletion, excessive energy consumption,
food waste, environmental pollution, lack of transparency, and unethical labor practices. Unsustainable
agricultural production, inefficient transportation systems, and weak monitoring mechanisms have
intensified environmental pressures and reduced the overall sustainability of food supply chains.
Furthermore, increasing consumer demand for safe, traceable, and ethically produced food products has
created a growing need for advanced technological solutions capable of improving transparency and
accountability within food supply chains. Prior studies have examined various aspects of blockchain
adoption in sustainable supply chains, including implementation barriers, technological acceptance,
transparency enhancement, and environmental performance improvement (Liu et al., 2021; Yadav &
Singh, 2020). Nevertheless, limited attention has been devoted to investigating the underlying
relationships among sustainability factors and explaining how blockchain technology contributes to the
interaction of these factors in the context of food supply chains (Difrancesco et al., 2023). Therefore, the
present study aimed to identify the factors influencing sustainable food supply chain management,
investigate the role of blockchain technology in each identified factor, and develop a conceptual model
explaining the interrelationships among these factors in the food industry.
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Methods and Materials

The present study was applied in terms of objective and descriptive-causal in terms of research
design. Considering the use of questionnaires for data collection, the study was also categorized as survey-
based research. Initially, a comprehensive review of the literature related to sustainable supply chain
management and blockchain technology was conducted to identify the major factors influencing
sustainability in the food supply chain. Based on the literature review and expert opinions, eleven key
factors were identified, including reliability, responsiveness, financial performance, quality, resource
utilization, pollution reduction, energy waste prevention, working conditions, human rights, social
commitment, and consumer-related issues. To localize and validate the identified factors within the
context of the national food industry, interviews and consultations were conducted with 20 academic and
industrial experts specializing in supply chain management, blockchain technology, and the food industry.
Academic experts included university professors with extensive research experience in blockchain and
supply chain management, while industrial experts consisted of managers and supervisors with at least
five years of professional experience in the food industry. Purposive sampling was employed to select the
experts. In the first phase of the study, Interpretive Structural Modeling (ISM) was utilized to determine
the relationships among the identified factors and develop the conceptual model of blockchain-based
sustainable food supply chain management. A pairwise comparison questionnaire was designed and
distributed among 15 experts selected through snowball sampling. The ISM procedure involved
constructing the Structural Self-Interaction Matrix (SSIM), developing the initial and final reachability
matrices, determining factor levels, and finally constructing the hierarchical conceptual model. In the
second phase, Structural Equation Modeling (SEM) using Smart PLS3 software was applied to evaluate
the validity and goodness-of-fit of the conceptual model. A questionnaire consisting of 38 items was
developed based on the research literature and conceptual framework. The questionnaire was distributed
among experts, managers, and employees of the food industry using convenience sampling. A total of 350
questionnaires were distributed, and 312 valid questionnaires were returned and used for analysis.
Convergent validity was assessed using factor loadings and Average Variance Extracted (AVE), while
reliability was evaluated through Cronbach’s alpha and Composite Reliability indices. Model fitness was
assessed using the coefficients of determination (R?2), predictive relevance (Q?), effect size (F?), and
Standardized Root Mean Square Residual (SRMR).

Findings

The findings of the study demonstrated that all identified factors significantly contributed to the
sustainability of the food supply chain under the blockchain-based framework. The results of the
Interpretive Structural Modeling analysis indicated that working conditions and resource utilization
occupied the foundational levels of the conceptual model, suggesting that these two factors play a critical
role in shaping and influencing other sustainability dimensions within the food supply chain. The
hierarchical structure derived from ISM revealed that responsiveness, social commitment, human rights,
reliability, pollution reduction, energy waste prevention, quality improvement, financial performance, and
consumer-related issues were interconnected in multiple levels and influenced each other dynamically.
The reliability and validity assessment results confirmed the adequacy of the measurement model. All
factor loadings exceeded the acceptable threshold of 0.40, while Average Variance Extracted values were
higher than 0.50 for all constructs. Cronbach’s alpha coefficients and Composite Reliability values were



above 0.70, indicating satisfactory reliability and internal consistency of the measurement instrument. The
results of Structural Equation Modeling showed strong explanatory and predictive capabilities for the
proposed model. The R? values ranged from 0.714 to 0.816, indicating that the independent variables
substantially explained the variance of endogenous constructs. Similarly, Q2 values ranged between 0.391
and 0.487, confirming the predictive relevance of the model. The overall goodness-of-fit assessment
demonstrated a satisfactory fit, as the SRMR value of 0.044 was significantly below the recommended
threshold of 0.08. Hypothesis testing results revealed that all proposed relationships were statistically
significant at the 95% confidence level. Pollution had a strong positive effect on consumer-related issues
(B=0.871,t=46.06). Resource utilization significantly influenced responsiveness (f = 0.545,t=11.36),
while working conditions positively affected responsiveness (B = 0.383, t = 7.57). Responsiveness had
substantial positive effects on social commitment (f = 0.845, t = 38.15) and human rights (f = 0.860, t =
44.11). Human rights and social commitment significantly enhanced reliability, with path coefficients of
0.538 and 0.403, respectively. Reliability positively affected energy waste prevention (fp = 0.874, t =
45.09), and energy waste prevention significantly reduced pollution levels (B = 0.859, t = 42.25).
Moreover, consumer-related issues significantly improved product quality (B = 0.872, t = 48.16), and
quality had a substantial positive effect on financial performance ( = 0.848, t = 39.02). These findings
confirmed the integrated and interdependent nature of sustainability dimensions in blockchain-enabled
food supply chains.

Discussion and Conclusion

The findings of the present study highlight the transformative role of blockchain technology in
enhancing sustainable supply chain management within the food industry. The results demonstrated that
working conditions and resource utilization represent the fundamental infrastructure for achieving
sustainability in food supply chains. Improving working conditions through transparent information
sharing, ethical labor management, and traceable employment records can strengthen organizational
responsiveness and social accountability. Similarly, efficient resource utilization supported by blockchain-
based traceability systems contributes significantly to reducing environmental pressures and enhancing
operational efficiency. The study further revealed that responsiveness serves as a critical intermediary
factor connecting foundational sustainability dimensions with broader social and ethical outcomes such
as social commitment and human rights. Blockchain technology enables organizations to respond more
effectively to market changes, consumer demands, and regulatory requirements by facilitating real-time
information exchange and transparent monitoring mechanisms. The positive relationship between human
rights, social commitment, and reliability indicates that ethical and socially responsible practices can
substantially improve stakeholder trust and confidence in food supply chains. Enhanced reliability
subsequently contributes to reducing energy waste and environmental pollution through improved
operational transparency and monitoring. Another important finding of the study was the significant
influence of pollution reduction on consumer-related issues. Increasing consumer awareness regarding
environmental sustainability and food safety has made transparency and accountability essential
requirements for food supply chains. Blockchain technology allows consumers to access accurate
information regarding product origin, production processes, and environmental impacts, thereby
increasing consumer trust and satisfaction. Improved quality and financial performance resulting from
blockchain implementation further demonstrate the strategic importance of digital transformation in
sustainable food supply chain management. Overall, the findings suggest that blockchain technology can
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serve as a comprehensive technological infrastructure for integrating environmental, social, and economic
sustainability dimensions within food supply chains. The implementation of blockchain-based systems
can improve transparency, traceability, trust, responsiveness, resource efficiency, and environmental
performance while simultaneously enhancing product quality and organizational financial outcomes.
Despite its contributions, the present study faced certain limitations, including the absence of feedback
loop analysis among the identified variables and the concentration on a specific industrial context. Future
studies are recommended to investigate reciprocal relationships among sustainability factors and examine
the role of other Industry 4.0 technologies such as the Internet of Things and cyber-physical systems in
sustainable supply chain management. In conclusion, blockchain technology possesses substantial
potential to strengthen sustainable food supply chains by creating transparent, secure, and efficient
operational environments capable of supporting long-term environmental, social, and economic
sustainability objectives.
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