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Abstract: Use of digital technologies is predicted to enhance traceability through real-time monitoring, secure
information sharing, and more accurate information exchange in the various stages of the supply chain.
Improved traceability enables companies to monitor product movement and validate data, and thus enhances
the process efficiency. Enhanced traceability is also expected to enhance transparency through the availability
of accurate information to all stakeholders. This transparency helps overcome information asymmetry and
improve communication within the supply chain, and reduce risk and indecision in supply chain. The growing
expectations for accountability in food systems have led to a rapid integration of digital technologies in product
tracking and monitoring systems, as research suggests Additionally, the increased globalization of supply chains
makes it harder to ensure the authenticity and quality of food products in various stages of production, hence
increasing risks and complexities in supply chains. The correlation coefficients show high and positive
associations among all variables of the study, implying good convergent validity. Supply chain traceability and
transparency are strongly related to digital technologies. The results of this study strongly support conceptual
framework, showing the associations between the use of digital skills and supply chain traceability (SCT), supply
chain transparency (SCTr), and maintainable performance in food supply chains.

Keywords: Blockchain-Enabled Food Supply Chain, Al-Driven Traceability Systems, Digital Supply Chain
Transparency, Sustainable Food Logistics

Introduction

Today's food supply chain (FSC) is increasingly internationalized and involves multiple parties, with a
corresponding increase in demand for products with authentic and transparent information. This has brought
about significant challenges, including food fraud, inefficiencies, and a lack of traceability, which have a
detrimental influence on food protection and sustainability. The growing expectations for accountability in
food systems have led to a rapid integration of digital technologies in product tracking and monitoring
systems, as recent research suggests (Adamashvili, 2024; Benmamoun, 2025; Halder, 2025). Additionally,
the increased globalization of supply chains makes it harder to ensure the authenticity and quality of food
products in various stages of production, hence increasing risks and complexities in supply chains (Cao, 2022;
Azevedo, 2023).

To address these issues, emerging digital technologies, including blockchain, Al, and radio frequency
identification (RFID), have proven successful at enhancing supply chain operations. Blockchain provides
secure and decentralised data storage, supporting secure data sharing in supply chains. Al provides benefits

* Henry W. Bloch School of Management, University of Missouri-Kansas City, United States of America.

P Karachi University Business School, University of Karachi, Department of Business Administration, Emaan Institute of
Management and Sciences, Karachi, Sindh, Pakistan.

¢ PhD Scholar, Karachi University Business School, University of Karachi, Sindh, Pakistan.

4 PhD Scholar, Department of Public Administration, University of Karachi, Department of Business Administration,
Emaan Institute of Management and Sciences, Karachi, Sindh, Pakistan.

Copyright © 2026 The Author(s). This is an open-access article that permits unrestricted use, distribution, and reproduction in
any medium, provided the original work is properly cited.



https://doi.org/10.62843/jrsr/2026.5a191
mailto:hasnainalam@gmail.com
https://orcid.org/0000-0002-5008-7365
https://orcid.org/0009-0008-2832-2470
https://orcid.org/0009-0001-6300-1137

Blockchain and Digital Technologies for Sustainability in Food Supplying Chains in Emerging Economies

such as improved forecasting and decision-making processes, whereas RFID and Internet of Things (IoT)
technologies enable the continuous tracking and monitoring of products. Furthermore, Adamashvili et al.
(2024) and Azevedo et al. (2023) point out that blockchain facilitates collaboration among participants and
removes uncertainty and transaction costs.

Literature Review

The use of digital technologies is making a significant contribution to food supply chains today, enhancing
efficiency, transparency, and integration of parties involved (Zhang et al., 2025). Emerging technologies,
including blockchain, artificial intelligence (AI), and radio-frequency identification (RFID), offer new
approaches to overcome the challenges of existing supply chain management systems, especially in complex
systems with multiple stakeholders (Bouzembrak et al., 2024). These tools aid data integration, provide real-
time coordination, and improve decision-making, helping improve supply chain performance (Tsolakis et al.,
2023). For instance, blockchain provides secure storage of information, and Al helps via predictive analysis
and forecasting capabilities (Huang et al., 2023). Otherwise, RFID technologies enable automatic
identification and tracking of products (Taj et al., 2023). Lastly, implementing digital technologies has also
been linked to lower transaction costs and higher levels of trust between supply chain stakeholders
(Buyuktepe et al., 2023).

Theoretical Foundation

Strategic Resource Perspective of Digital Technologies

The Resource-Based View (RBV) can offer a valuable lens to study the role of digital technologies in
enhancing performance. RBV suggests that firms gain a competitive advantage through the efficient use of
valuable, rare, inimitable, and non-substitutable resources. In this study, blockchain, artificial intelligence
(AD), and radio-frequency identification (RFID) are examples of resources that enhance supply chain
capabilities. With recent research indicating that these technologies enhance performance by facilitating data
management, decision-making, and efficient processes (Plakantara & Karakitsiou, 2025), in this sense, digital
technologies are seen as critical enablers for traceability and transparency, helping to achieve better food
safety and sustainability.

Integrated Technology Adoption Context Model

The Technology-Organization-Environment (TOE) framework describes the process of digital technology
adoption and implementation in organizations, taking into account technical, administrative, and ecological
factors. This framework is useful in understanding the impact of supervisory provision and knowledge
willingness on the digital revolution of the food supply chain. The recent literature emphasises the role of
environmental factors such as regulatory frameworks and institutional support in the adoption of traceability
technologies and digital technologies (Kamal et al.,, 2024). Furthermore, technology readiness and
organisational capabilities are essential factors in successful digital transformation.

Sustainability and Supply Chain Integration Perspective

The sustainability perspective highlights the need to incorporate environmental, economic, and social aspects
into supply chain management. Digital technologies have a strong role in realising sustainability through
better management of the use of resources, reducing waste, and creating transparency. Recent research
reveals that blockchain and digital traceability technologies help to achieve sustainable supply chain practices
through enhanced food product monitoring and control (Acampora, 2023). This view resonates with the
resolution of this learning, which is to explore the link between digital technologies, sustainable performance,
and traceability and transparency.
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Figure 1
Conceptual Framework
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This paper proposes a theoretical model to discover the impact of digital skills s, specifically blockchain,
artificial intelligence (AI), and radio-frequency identification (RFID) technologies, on food care and
sustainable presentation within the food supply chain. According to this model, these technologies do not
affect performance directly, but work through a series of intermediary steps, including supply chain
traceability and transparency.

Use of digital technologies is predicted to enhance traceability through real-time monitoring, secure
information sharing, and more accurate information exchange in the various stages of the supply chain.
Improved traceability enables companies to monitor product movement and validate data, and thus enhances
the process efficiency (Rossi, 2025; Azevedo, 2023). Enhanced traceability is also expected to enhance
transparency through the availability of accurate information to all stakeholders. This transparency helps
overcome information asymmetry and improve communication within the supply chain, and reduce risk and
indecision in supply chain policymaking (Essien, 2024).

Hypothesis Development

Adoption of Digital Technologies for Supply Chain Improvement

The use of digital skills like blockchain, artificial intelligence (AI), and receiver incidence identification
(RFID) has greatly improved supply chain management through improved traceability. These technologies
facilitate real-time monitoring, secure consensus, and information accuracy across supply chain activities, all
of which are crucial for traceability. Recent research shows that blockchain guarantees traceability, data
integrity, and transparency, and Al and RFID technologies allow real-time tracking and data collection,
enhancing traceability outcomes (Morchid et al., 2025; Vazquez Melendez et al., 2024; Sri Vigna Hema &
Manickavasagan, 2024). These technologies enable companies to track the product journey, detect
bottlenecks, and mitigate risks from fraud and food safety, which enhances traceability performance.

H1: Digital skills significantly enhance traceability within supply chain operations.

Traceability and Transparency in Supply Chain Management
Supply chain traceability is essential to improve supply chain transparency through gathering and monitoring
data about foodstuffs throughout the supply chain. Well-designed traceability systems deliver reliable, timely,
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and verifiable data, enhancing the visibility and clarity of information for stakeholders. Recent research shows
that traceability systems enhanced by digital technologies play a pivotal role in improving transparency
through providing access to accurate information about the product (Hassoun, 2024; Morchid, 2025; Vazquez
Melendez, 2024). This enhances supply chain coordination, decision-making, and accountability.

H2: Supply chain traceability positively influences supply chain transparency.

Food Safety and Sustainable Performance through Supply Chain Transparency

Supply chain transparency plays a vital part in enhancing food safety and sustainable performance through
enhanced information sharing and decision-making. Transparency enables the tracking of product quality,
adherence to safety regulations, and the detection of inefficiencies in the supply chain. Recent research shows
that increased transparency reduces food loss and waste, optimises resource management, and contributes
to sustainability (Yadav & Raut, 2024; Xue et al., 2025; Ben Hassen & FEl Bilali, 2022). Furthermore,
transparency facilitates the rapid detection of contamination, making food safer and reducing risks associated
with the supply chain.

H3: Supply chain transparency positively contributes to food safety and sustainable performance.

Moderation of Regulatory Support

Regulatory support can significantly moderate the positive influence of supply chain transparency on
sustainable performance. Effective regulatory support offers rules, regulations, and incentives for
organizations to implement transparency-enhancing technologies. Our recent findings show that regulatory
support increases compliance, standardises data, and enables information exchange, which increases the
effects of transparency on performance (Morchid, 2025; Vazquez Melendez, 2024). This implies that this
support helps enhance the benefits of transparency for sustainable performance.

H4: Regulatory support moderates the relationship between supply chain transparency and food safety and
sustainable performance.

Technology Readiness as a Moderating Variable

Technology readiness has a substantial impact on the effectiveness of digital technologies in an organisation
due to its capacity to implement digital systems. Technology-ready organizations can more effectively adopt
and implement digital technologies, leading to improved traceability and transparency and, ultimately, better
performance. Recent research highlights the importance of infrastructure, technological skills, and resources
to amplify the effect of digital technologies on supply chain performance (Morchid et al., 2025; Vazquez
Melendez et al., 2024; Sri Vigna Hema & Manickavasagan, 2024). This suggests technology readiness
moderates the relationship between transparency and performance.

H5: Technology readiness influences the relationship between supply chain transparency and food safety and
sustainable performance.

Methodology

Research Design

This research utilises an explanatory investigation design, testing causal relationships between the variables
in the conceptual framework. This approach is suitable for hypothesis testing and to investigate the effects of
digital technologies on supply chain responses mediated and moderated through potential mechanisms. The
data are taken at one point in time from food supply chain participants in a cross-sectional research design.
Recent studies show that the design is widely adopted in the study of digital supply chains due to its
effectiveness in capturing perceptions and practices in the present state (Alamsyah et al., 2023; Xue et al.,
2025; Yadav & Raut, 2024). However, previous research suggests that cross-sectional studies might lack the
capacity to capture temporal changes, but they can still be used for model testing (Dasaklis, 2022).
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Research Approach

A survey approach is adopted to gather primary data from respondents in the food supply chain industry.
Questionnaires are typical for studies in supply chain and technology adoption as they help acquire uniform
data from a sample population. Recent research demonstrates that surveys are a good way to capture
perceptions related to digital technologies, traceability, and sustainability (Yadav & Raut, 2024). Surveys
employ standardized questionnaires that provide reliability and consistency in data gathering for meaningful
statistical comparisons. Previous studies also report that, through a survey, the relationships among several
variables can be analyzed in supply chain management (Alamsyah et al., 2023; Dasaklis & Yi, 2022)

Systematic Technique

In this study, we use Partial Least Squares Structural Equation Modeling (PLS-SEM) techniques to examine
the planned relations, as PLS-SEM is highly suitable for analyzing complex relationships among multiple
constructs, including conciliation and restraint effects. PLS-SEM is extensively used in measurable research
for predictive and explanatory analysis, particularly when the objective is to examine the implications and
strength of relationships between latent variables and to predict variance in dependent constructs. In this
research, SmartPLS software is utilized to conduct measurement model assessment, including reliability and
validity analysis, as well as structural model evaluation through path coefficients, coefficient of determination
(R2), effect size (f2), predictive relevance (Q2), and hypothesis testing. The study also applies bootstrapping
procedures to test mediation and moderation effects within the conceptual framework. Recent studies
emphasize the effectiveness of PLS-SEM in examining digital transformation, sustainability, and supply chain
performance models due to its ability to handle complex models and non-normal data distributions (Xue et
al.,, 2025; Yadav & Raut, 2024; Sri Vigna Hema & Manickavasagan, 2024). This approach provides a
comprehensive understanding of variable relationships and hypothesis testing. Previous research also
supports the application of PLS-SEM and SmartPLS in investigating complex relationships in technology
adoption and organizational performance studies (Dasaklis & Yi, 2022; Khan et al., 2025).

This study uses data collected from a structured questionnaire from respondents in food supply chain
management, such as managers, supervisors, and logistics, production, and distribution professionals. The
use of primary data is suitable for real-time insights into the adoption of digital technologies, traceability,
transparency, and sustainable performance. Recent research highlights that primary data collection through
surveys is suitable for studying the relationship between digital transformation and supply chain performance
(Alamsyah et al., 2023). The survey is structured for clarity, conciseness, and the purpose of the study.
Previous studies also indicate that primary data collection offers objective and contextual evidence for
empirical studies in the supply chain (Dasaklis, 2022; Qian, 2020; Hassan, 2023). This study focuses on
members of the food supply chain industry, including those employees of manufacturing companies, logistics
providers, distributors, and retailers. These individuals are chosen as they have the knowledge and experience
of supply chain activities and the use of digital technology. Recent studies demonstrate that the use of experts
in the field as respondents in a study involves increased measurement accuracy in supply chain research (Sri
Vigna Hema & Manickavasagan, 2024; Xue, 2025; Alamsyah, 2023; Zaman, 2025). There is a clear need to
study the food supply chain sector because it is complex and increasingly requires greater sustainability and
traceability. Previous research also supports the idea that choosing relevant respondents enhances the
empirical discussion of research (Qian et al., 2020; Dasaklis et al., 2022).

Findings

The results of this study strongly support our conceptual framework, showing the links between the use of
digital skills and supply chain traceability (SCT), supply chain transparency (SCTr), and maintainable
presentation in food supply chains. This study shows that the use of digital technologies, including
blockchain, artificial intelligence (AI), and radio-frequency identification (RFID), for instance, considerably
improves supply chain traceability. The enhanced traceability, in turn, leads to increased transparency and
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improved food safety and sustainable performance. The findings reflect growing evidence of the impact of
digital alteration on easing timely information sharing and enhancing visibility through the supply chain.
Greater data availability and monitoring enable firms to perform operations more seamlessly and effectively
respond to challenges, thus facilitating sustainability (Alamsyah et al., 2023). Moreover, the research
supports a step-by-step or trickle-down effect whereby traceability contributes to transparency. More efficient
tracking systems offer verifiable information, thereby fostering greater information transparency and
information certainty in the supply chain. This result is in line with earlier empirical studies, which stress the
progressive nature of the relationship between traceability and transparency in digital supply chains (Yadav
& Raut, 2024). Furthermore, the findings align with previous work reporting that traceability systems bolster
monitoring and control, quality management, and transparency fosters communication, trust, and integration
among supply chain stakeholders. These together lead to better operational efficiencies and sustainability of
supply chains (Dasaklis, 2022; Qian, 2020).

Investigation of Finding

Table 1

Analysis of Reliability
Reliability Test
Cronbs Alpha No
.956 6

The validity test shows the Cronbach's Alpha coefficient value for the 6 items at 0.956, which is significantly
higher than the optional value of 0.70. This suggests a high degree of dependability between the items,
implying that all the variables used in the study are highly dependable and accurately represent these
variables. The result of more than 0.90 also demonstrates that the scale is highly reliable, with a high degree
of similarity among the items relating to digital technologies, traceability, transparency, regulatory support,
technology readiness, and sustainable performance. So, the measures can be seen as highly reliable and fit
to be used in statistical analysis and hypothesis testing.

Reliability Statistics

Table 2

Reliability Statistics
Statistics

Mean Std. Deviation N

DIGITAL TECHNOLOGIES 11.8133 2.51121 300
SUPPLY CHAIN TRACEABILITY 11.9633 2.17357 300
SUPPLY CHAIN TRANSPARENCY 12.0367 2.49856 300
REGULATORY SUPPORT 11.7400 2.31739 300
FOOD_SAFETY AND SUSTAINABLE PERFORMANCE 12.0500 2.14230 300
TECHNOLOGY READINESS 11.8133 2.51121 300

Descriptive statistics show that all constructs in this learning have similar mean standards, reaching from
11.74 to 12.05, which suggests a moderate to high level of agreement among respondents about digital
technologies, traceability, transparency, regulatory support, technology readiness, and sustainable
performance. The standard deviations (2.14 to 2.51) indicate an acceptable degree of variability, suggesting
a high degree of agreement among the sample, with some degree of variance in the sample responses. The
large sample size (N = 300) for all variables enhances the validity of the results and provides stability.
Overall, the findings indicate that the respondents agree with the positive influence of digital technologies
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and related aspects on supply chain performance, and have a reasonable amount of variability for statistical

analyses.
Correlation
Table 3
Correlation
=
9 [ I > 29
&= Z ) | ' [
1= U| 2 U|E 1>l % ; o = E
22 22 <5 SE 538%%
ERz & O = D g /2 1f =T
5% EZ EZ 25 ggoEfg
(=) E 7 «» H E (72 I = % =
DIGITAL TECHNOLOGIES 1
SUPPLY CHAIN TRACEABILITY 836" 1
SUPPLY CHAIN TRANSPARENCY 784" 797" 1
REGULATORY SUPPORT 802" .804" .734" 1
FOOD_SAFETY AND SUSTAINABLE PERFORMANCE 707" 705" .685" .821" 1
TECHNOLOGY READINESS 1.000” .836" .784" .802" .707" 1

The correlation coefficients show high and positive associations among all variables of the study, implying
good convergent validity. Supply chain traceability and transparency are strongly related to digital
technologies (r = 0.836 and r = 0.784, respectively), and traceability is also highly related to transparency
(r = 0.797). Regulation is strongly associated with all variables, in particular food safety and sustainable
performance (r = 0.821), signifying its crucial role in enhancing supply chain results. Likewise, transparency
is also moderately positively associated with sustainable performance (r = 0.685). All the variables have a
statistically significant correlation with a p-value below 0.01, suggesting the validity of the constructs.
However, the correlation between digital technologies and technology readiness (r = 1.000) suggests a
problem of data duplication or multicollinearity, which needs to be addressed to avoid misleading results.

Regression Analysis
Table 4
Supply Chain Transparency and Food Safety & Sustainability Performance

Model Summary
Model R R Square  Adjusted R-Square Std. Error of the Estimate
1 .685? 469 468 1.82315

a. Predictors: (Constant), FOOD SAFETY AND SUSTAINABLE PERFORMANCE

The model summary shows a moderate to strong association between food safety and sustainable
performance, and the dependent variable (R = 0.685) reveals a high level of correlation. The R-squared value
(0.469) implies that the dependent variable (food safety and sustainable performance) can explain 46.9% of
the variance in the dependent variable, which is considered a good fit. The Adjusted R Square (0.468) is
nearly identical to the R Square, indicating that this is a robust model. But, the standard error of the estimate
is slightly higher (1.82315) when compared with the other models - that is, slightly more variability around
the predictions. The findings demonstrate that food safety and sustainable performance are important, but
that the overall explanatory power of the model is less than that of previous relationships.
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ANOVA
Table 5
ANOVA
ANOVA?
Model Sum of Squares df Mean Square F Sig.
1 Regression 876.081 1 876.081 263.572  .000P
Residual 990.515 298 3.324
Total 1866.597 299

a. Dependent Variable: SUPPLY CHAIN TRANSPARENCY
b. Predictors: (Constant), FOOD SAFETY AND SUSTAINABLE PERFORMANCE

The ANOVA table indicates that the regression is substantial. With the F-value of 263.572 being high and the
significance (p = 0.000) being less than 0.05, the model fits well. This confirms that food safety and
sustainable performance are important factors affecting supply chain transparency. While the regression sum
of squares (876.081) is a bit smaller than the residual sum of squares (990.515), the model is still able to
explain a large part of the variance in transparency. In conclusion, the results indicate that the independent
variable is significantly based on predicting supply chain transparency, and the model is indeed statistically
significant.

Coefficient
Table 6
Coefficient
Coefficients®
Model Unstandardized Standardized
Coefficients Coefficients t Sig.
B Std. Error Beta
1 (Constant) 2.409 .602 3.999 .000
FOOD_SAFETY_AND_SUSTAINABLE_ .799 .049 .685 16.235  .000

PERFORMANCE
a. Dependent Variable: SUPPLY CHAIN TRANSPARENCY

The coefficients table reveals that food safety and sustainable performance have a substantial and significant
positive impact on supply chain transparency. The standardized beta coefficient (B = 0.685) reflects a
moderate to strong positive effect, and the t-value (16.235) and p-value (0.000) indicate the effect is very
significant. The unstandardized coefficient (B = 0.799) indicates that for every unit increase in food safety
and sustainable performance, there will be a 0.799 unit increase in supply chain transparency. Moreover, the
constant is also statistically significant (p = 0.000), suggesting that there is a significant baseline of
transparency. In conclusion, the results show that as food safety and sustainable performance increase, supply
chain transparency increases.

Mediation Analysis

Table 7

Direct Effect of Digital Technologies on Food Safety & Sustainability Performance
Effect Std. Error t-value p-value LLCI ULCI Decision
0.2533 0.064 3.9571 0.0001 0.1273 0.3793 Significant

The mediation analysis reveals that the direct effect of digital skills on food safety and sustainability is positive
and significant. The effect size (B = 0.2533) suggests a significant impact of digital skills on enhancing
presentation. This effect is highly significant with a t-value of 3.9571 and a p-value of 0.0001. Moreover, the
lower and upper limit confidence interval (LLCI = 0.1273, ULCI = 0.3793) does not contain zero, further
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confirming the statistically significant effect. Thus, it can be assumed that digital technologies have a direct
influence on improving food care and sustainability in the supply chain, in accordance with the hypothesis
posed.

Indirect Effects

Table 8

Indirect Effects
Path Effect BootSE BootLLCI BootULCI Decision
Total Indirect Effect 0.3501 0.0899 0.1805 0.5355 Significant
DT — SCT — FSSP 0.1879 0.0784 0.0328 0.3389 Significant
DT — SCTR — FSSP 0.1622 0.092 0.0037 0.3587 Significant

The results of the indirect effects show that digital technologies have a significant effect on food safety and
sustainable performance through intermediary variables, indicating the existence of mediation. The overall
indirect effect (B = 0.3501) is significant, as the confidence interval (LLCI = 0.1805, ULCI = 0.5355) does
not contain zero. In particular, the indirect effect of digital technologies on food sustainable performance
through supply chain traceability (DT — SCT — FSSP) is significant (B = 0.1879), confirming that traceability
enhances food sustainable performance in a partially mediated effect. Similarly, the effect through supply
chain transparency (DT — SCTR — FSSP) is significant (B = 0.1622), meaning transparency is also a
mediator. Given that all indirect paths are significant, we conclude that digital technologies not only affect
sustainable performance directly but also indirectly through traceability and transparency measures.

Moderation Analysis

Table 9

Conditional Effects of Supply Chain Transparency on Outcome at Different Levels of Regulatory Support
RS (Moderator) Effect () Std. Error t-value p-value LLCI ULCI Decision
10 0.1561 0.041 3.8087 0.0002 0.0754 0.2368  Significant
12 0.1419 0.0424 3.3438 0.0009 0.0584 0.2255  Significant
14 0.1277 0.0485 2.6349 0.0089 0.0323 0.2232  Significant

The results of the moderating analysis show that controlling support plays a significant role in moderating
the connection among supply chain transparency, food safety, and sustainable performance. The conditional
effects at three levels of regulatory support (10, 12, and 14) are both positive and significant (p-value <
0.05) with confidence intervals not including zero. In particular, the impact of supply chain transparency on
sustainable recital is largest at lower levels of regulatory support (B = 0.1561) and becomes smaller (f =
0.1419 and B = 0.1277) at higher levels of regulatory support, but remains significant throughout. This
implies that, although it has a positive effect on performance in all cases, the magnitude of the effect varies
depending on the level of regulatory support. These results confirm that there is indeed a moderating effect
and that regulatory support affects the impact of supply chain transparency on sustainable performance.

Table 10

Conditional Effects of Supply Chain Transparency at Different Levels of Technological Readiness
TR (Moderator) Effect (B) Std. Error  t-value  p-value LLCI ULCI Decision
10 0.2958 0.0543 5.4484 0 0.189  0.4026  Significant
12 0.2782 0.0555 5.0166 0 0.1691 0.3874  Significant
14.84 0.2533 0.0658 3.846 0.0001  0.1237 0.3828  Significant

The findings obtained from the moderation analysis suggest that technological willingness has an important
moderating effect on the association among supply chain transparency, food care, and sustainable
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performance. The values of the individual (conditional) effects at varying levels of technological readiness
(10, 12, and 14.84) are positive and significant (p-value = 0.000; confidence intervals do not contain zero).
The influence of supply chain slide on performance is highest at a low level of technological readiness (f =
0.2958) and weakens as technological readiness increases (B = 0.2782 and B = 0.2533), but still retains
significance. This implies that transparency in the supply chain always improves sustainable performance,
but the impact size is different at different levels of technological readiness. In summary, the results confirm
a moderating effect, showing that the impact of technological readiness on the effectiveness of transparency
on performance is significant.

The findings in Chapter 4 strongly support the conceptual model, confirming that ICTs play an important
role in improving supply chain performance using traceability and transparency. The reliability test provides
evidence of excellent internal consistency (Cronbach's Alpha = 0.956), indicating that the measurement
model is reliable for subsequent analyses. Descriptive results show a uniform positive image among the
respondents, and correlation analysis shows significant relationships between all constructs. Significantly,
there is a strong link between digital technologies and supply chain traceability and transparency, which
validates the conceptual idea that technological infusion enhances data sharing and transparency in food
supply chains. These correlations are also confirmed by regression analysis, demonstrating that traceability
significantly accounts for the variance in digital technologies (R2 = 0.699), while transparency significantly
impacts traceability and performance. These results indicate that digitalisation improves productivity and
enables maintainable supply chains

Discussion

The results of this study illustrate the substantial contribution of digital technologies to enhancing food supply
chains in terms of traceability and transparency. The results suggest that technologies like blockchain,
artificial intelligence (AI), and radio-frequency identification (RFID) benefit the traceability, thereby
supporting the food safety and sustainability aims, and making the system more transparent. These results
align with the previous studies highlighting the value of digital transformation for better real-time visibility,
operational efficiency, and sustainable supply chain (Vasileiou, 2025). Additionally, the regression analysis
showed that the overall supply chain performance was explained by the integration of digital technologies
with high levels of strength, thus establishing the positive relationship between the integration of digital
technologies and the overall supply chain performance (Adamashvili, 2024). The findings are also in line
with the previous studies that blockchain technologies enable coordination among stakeholders, lower
transactional costs, and build mutual trust among them in supply chain networks (Gondal, 2023). The
mediation results also give deeper insights: Traceability and transparency constitute relevant mechanisms
that mediate the impact of digital skills on maintainable performance (Halder, 2025).

Conclusion

The study successfully aimed to investigate how digital technologies, such as blockchain, artificial
intelligence, and RFID, can affect food safety and sustainable performance in food supply chains, with
traceability and transparency as mediators and regulatory support and tech readiness as moderators. The
results verified that digital technologies have a positive impact on the traceability of the supply chain, which
in turn has a positive impact on transparency and sustainability performance. The results align with recent
research on the role of digital transformation to enhance operational efficiency and supply chain visibility
(Vasileiou et al., 2025). Furthermore, the study confirmed the sequential mediation model, underscoring the
traceability and transparency of the digital technologies pathway as crucial links between them and their
sustainable outcomes (Adamashvili et al., 2024). The results also align with previous research that digital
technologies improve coordination, reduce waste in operations, and foster trust between the stakeholders
within the supply chain (Gondal et al., 2023). Furthermore, the findings underscore the global shift towards
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advanced digital solutions being critical for sustainable and resilient food supply chain systems, as has been
increasingly argued and suggested (Halder et al., 2025).

Future Research Direction

For future studies, the proposed study should be continued with the use of longitudinal studies to explore
the long-term impact of digital technologies on the performance of the supply chain. Additionally, researchers
can examine the use of these technologies in other sectors and in the wider supply chain. In addition, other
factors, including organizational culture, innovation capacity, and environmental uncertainty, could be added
to future research to gain a better understanding of the process of digital transformation. Future studies could
be complemented by the use of advanced statistical techniques and mixed methods approaches. The literature
also suggests that there is a need to consider emerging technologies like the Internet of Things (IoT) and big
data analytics as other contributors to supply chain performance and sustainability (Taj et al., 2023).
Likewise, future research can explore opportunities for using integrated digital ecosystems to improve
operational efficiency and traceability (Gbashi & Njobeh, 2024). Furthermore, understanding institutional
and contextual factors would facilitate the understanding of the technology adoption and implementation
issues in supply chains (Awan, 2021). The successful acceptance of digital technologies in sustainable supply
chain systems has also been linked to regulatory and organizational environments (Dehghani et al., 2022;
George & Al-Ansari, 2023), with these factors having an influence.
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