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Abstract. This study investigates the transformative potential of Digital Twin
(DT) technology in the Halal supply chain, focusing on its role in enhancing
traceability, ensuring compliance, and improving operational efficiency. Draw-
ing on a qualitative research approach, insights were collected through interviews
with industry experts, including supply chain managers, technology consultants,
and academic researchers. Thematic analysis revealed that DT offers significant
benefits, such as real-time tracking, blockchain-enabled transparency, and pre-
dictive analytics, which collectively address key challenges in Halal supply chain
management. However, barriers such as high implementation costs, limited tech-
nical expertise, and scalability concerns were identified, particularly for small
and medium enterprises. The study also highlights opportunities for leveraging
DT to meet the increasing consumer demand for transparency and Halal assur-
ance. These findings contribute to the emerging discourse on DT's application in
the Halal industry and offer actionable insights for stakeholders aiming to mod-
ernize supply chain practices while maintaining strict compliance with Halal
standards.

Keywords: Digital Twin, Halal Supply Chain, Traceability, Compliance Assur-
ance, Blockchain Technology, Operational Efficiency, Technological Innova-
tion, Halal Certification

1 Introduction

The rapid advancement of Industry 4.0 technologies has revolutionized global supply
chains by enhancing efficiency, transparency, and resilience. Among these innovations,
the concept of the Digital Twin (DT) has emerged as a transformative tool, enabling
real-time mirroring of physical systems in a virtual environment. Defined as a digital
replica of physical entities, DT leverages data integration, predictive analytics, and ma-
chine learning to provide insights for decision-making and optimization (Tao et al.,
2019). Its application in supply chain management has been particularly promising,
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addressing critical issues such as inventory tracking, process optimization, and quality
assurance (Krishnan et al., 2025; Negri et al., 2017).

In parallel, the Halal supply chain presents unique challenges and requirements
driven by religious principles and consumer expectations. Halal, an Arabic term mean-
ing "permissible," extends beyond food to encompass logistics, packaging, and han-
dling processes that comply with Islamic law (Tieman, 2015). Ensuring Halal integrity
throughout the supply chain requires stringent adherence to guidelines, traceability, and
validation at every stage, from sourcing to delivery (Zulfakar et al., 2014).

Despite the critical importance of Halal compliance, traditional supply chain models
often struggle with maintaining transparency and traceability due to their reliance on
fragmented systems and manual verification methods. These challenges have prompted
interest in integrating advanced technologies such as blockchain and Internet of Things
(IoT) into the Halal supply chain (Abdul Rahman et al., 2021; Fathurahman et al.,
2025). However, the application of DT remains relatively unexplored in this domain,
presenting an opportunity to bridge existing gaps and enhance operational efficiency
while safeguarding Halal integrity.

This article seeks to investigate the potential of DT in addressing the challenges of
the Halal supply chain. By leveraging the capabilities of DT, stakeholders can achieve
end-to-end visibility, enhance compliance monitoring, and optimize resource utiliza-
tion. The research explores the synergies between DT technology and the principles of
the Halal supply chain, offering a conceptual framework for implementation and iden-
tifying pathways for future development.

2 Literature Review

2.1  Digital Twin in Supply Chain Management

The concept of the Digital Twin (DT) has gained significant attention in the field of
supply chain management due to its ability to enhance operational efficiency, improve
decision-making, and facilitate real-time monitoring. DT technology enables the crea-
tion of virtual replicas of physical supply chain systems, allowing for simulations, pre-
dictive analytics, and scenario testing (Tao et al., 2019). Its integration with technolo-
gies like the Internet of Things (IoT) and Artificial Intelligence (AI) has proven partic-
ularly effective in addressing supply chain complexities, including demand forecasting,
inventory optimization, and quality control (Negri et al., 2017). The adoption of DT has
been explored in various industries, including manufacturing, healthcare, and aero-
space, demonstrating its versatility and potential for scalability (Jones et al., 2020).

Despite its benefits, the implementation of DT in supply chains faces challenges such
as high initial investment costs, data security concerns, and the need for skilled person-
nel (Fuller et al., 2020). Research emphasizes the importance of establishing a robust
barriers (Kritzinger et al., 2018).
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2.2 Halal Supply Chain Management

Halal supply chain management is governed by Islamic principles that mandate strin-
gent control over sourcing, processing, and distribution to ensure compliance with Sha-
riah law (Tieman, 2015). This involves not only ensuring the Halal status of products
but also preventing cross-contamination with non-Halal items during transportation and
storage (Zulfakar et al., 2014). Traditional supply chain practices often fall short in
maintaining the transparency and traceability required for Halal compliance, posing
significant challenges for industry stakeholders (Munir et al., 2021; Munir et al., 2022;
Narayanan et al., 2024a; Narayanan et al., 2024b; Othman et al., 2023; Wider et al.,
2024). Technological interventions, such as blockchain and IoT, have been proposed to
address these challenges by enhancing traceability and enabling real-time monitoring
(Abdul Rahman et al., 2021). These technologies allow for the secure recording and
sharing of supply chain data, providing consumers and regulators with greater confi-
dence in Halal certification processes. However, the integration of these technologies
remains in its nascent stages, with limited empirical studies on their practical applica-
tion in Halal supply chains (Tieman & van der Vorst, 2012).

2.3  Integration of Digital Twin in Halal Supply Chains

While the benefits of DT in supply chain management are well-documented, its appli-
cation in Halal supply chains is a relatively unexplored area. The integration of DT can
address critical gaps in Halal supply chains by providing a digital platform for real-time
tracking, compliance verification, and resource optimisation. By simulating the flow of
products and processes, DT can help identify potential risks of non-compliance and
enable proactive measures to mitigate them (Kritzinger et al., 2018).

Moreover, the use of DT can complement existing technologies, such as blockchain,
by providing a dynamic and interactive supply chain model. This synergy can enhance
the accuracy and reliability of Halal certification processes, reduce operational ineffi-
ciencies, and promote sustainable practices (Jones et al., 2020). However, there is a
need for further research to develop tailored DT frameworks that align with the specific
requirements of Halal supply chains and address the ethical considerations involved in
their implementation (Abdul Rahman et al., 2021). Therefore, the objective of this
study is to investigate the integration of digital twin and halal supply chains manage-
ment halal for traceability, compliance and operational excellence. The study gap is
the interaction between the integration of digital twin and halal supply chains manage-
ment.

3 Methodologies

3.1 Conceptual Framework

The conceptual framework for this study is designed to explore the integration of Dig-
ital Twin (DT) technology within the Halal supply chain. It draws upon established
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theories of supply chain management, Halal compliance, and digital transformation.
Key constructs include:

1. Digital Twin Capabilities: Real-time monitoring, predictive analytics, and scenario
simulations (Tao et al., 2019).

2. Halal Supply Chain Requirements: Traceability, transparency, and compliance with
Islamic principles (Tieman, 2015).

3. Integration Mechanisms: The use of complementary technologies, such as block-
chain for secure data sharing and IoT for real-time data acquisition (Abdul Rahman et
al., 2021).

This framework positions DT as a transformative tool that enhances Halal supply
chain integrity by addressing challenges like traceability and compliance breaches. A
simulation-based approach is incorporated to model the interactions between physical
and digital supply chain components and to evaluate the effectiveness of DT-enabled
processes.

3.2 Sampling

The study employs a purposive sampling strategy to select participants who possess
relevant expertise in Halal supply chain management and digital transformation tech-
nologies (Govindaraju et al., 2005; Haziq et al., 2014; Muhammad et al., 2025). The
sampling criteria include:

+ Industry Experts: Professionals from Halal-certified logistics companies and food
manufacturers.

* Academicians: Researchers specializing in DT applications and Halal supply chain
studies.

» Technology Providers: Developers and consultants offering DT solutions.

A sample size of 5 participants is targeted to ensure a diverse range of perspectives
while maintaining manageable data collection and analysis efforts. Participants are se-
lected from Malaysia and international markets to capture both local and global insights
into the integration of DT technology in Halal supply chains.

33 Data Collection

Data collection is conducted through a semi-structured interviews with industry ex-
perts and academicians. The purpose is to gather insights into the practical challenges,
benefits, and ethical considerations of DT implementation in Halal supply chains. The
interview was conducted via online platforms (e.g., Zoom) or face-to-face meetings,
lasting 30—45 minutes.

4 Findings

Below is Table 1 which represents the profile of five respondents for the study on Dig-
ital Twin in the Halal supply chain. The table provides an insightful demographic pro-
file of five respondents involved in the study on Digital Twin (DT) in the Halal supply
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chain, summarizing their positions, industries, years of experience, expertise areas, and

locations.
Table 1. Respondent Demographics.

Re- Position Industry Yearsof  Expertise Area  Location

spond- Experi-

ent ID ence

R1 Supply Chain ~ Halal Food 15 years  Logistics & Selangor,
Manager Production Compliance Malaysia

R2 Technology IT Solutions 10 years  Digital Twin & Kuala Lum-
Consultant Provider IoT Systems pur, Malaysia

R3 Academic Re-  University 8 years Halal Supply Penang, Ma-
searcher Chain Studies  laysia

R4 Operations Halal Logis- 12 years  Traceability Johor, Malay-
Manager tics Solutions sia

RS Certification Halal Certifi- 7 years Compliance & Kelantan,
Officer cation Auditing Malaysia

The respondents represent a diverse range of professional roles, including Supply
Chain Manager, Technology Consultant, Academic Researcher, Operations Manager,
and Certification Officer. Their industries span Halal food production, IT solutions,
Halal logistics, and certification, providing a broad yet interconnected view of the Halal
supply chain. Notably, their years of experience, ranging from 7 to 15, underscore a
high level of expertise, which enhances the credibility of their contributions to the
study. Additionally, their geographic distribution across Malaysia (Selangor, Kuala
Lumpur, Penang, Johor, and Kelantan) highlights the national scope of the research.

A key strength of this demographic composition lies in its diverse expertise, which
enriches the study by offering a balanced perspective on DT's technical, operational,
and compliance-related applications. For instance, insights from logistics managers
complement those from certification officers, ensuring a comprehensive exploration of
traceability and compliance in the Halal supply chain. Moreover, their collective expe-
rience provides a well-rounded foundation for qualitative analysis, aligning with estab-
lished best practices in qualitative research that prioritize knowledgeable participants
(Silverman, 2020).

However, there are limitations. The small sample size of five respondents restricts
the generalizability of findings, as larger samples typically enhance the robustness of
qualitative studies (Creswell, 2013). Furthermore, while the table reflects industry di-
versity, it omits certain sectors, such as retail or small and medium enterprises (SMEs),
which are integral to the Halal supply chain. Including representatives from these sec-
tors would provide a more holistic view. The geographic focus on Malaysia, while val-
uable for understanding local perspectives, limits the study's applicability to the global
Halal market. Incorporating international respondents could strengthen the research by
addressing global challenges and opportunities for DT adoption.
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Table 2 presents a thematic analysis derived from interview responses on the inte-
gration of Digital Twin (DT) technology in the Halal supply chain. The analysis is
structured around five key interview questions, each exploring a specific dimension of
DT's potential in the Halal supply chain. For each question, overarching themes, sub-
themes, detailed descriptions, and example quotes are provided, ensuring a comprehen-
sive representation of respondents' insights. The themes include Traceability Enhance-
ment, Halal Compliance Assurance, Operational Efficiency, Technological Challenges,
and Adoption Opportunities. These themes encapsulate the key considerations and im-
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pacts of DT on the Halal supply chain.

Table 2. Data Analysis -Thematic Analysis.

Interview Theme Sub-Themes Description Example Quotes
Question
DT ensures
How can Dig- Real-ti end-to-end "With Digital
ital Twin Traceabil- treak-.tlrne traceability, Twin, we can
technology ity En- . BTC ll(ng which is vital track every step,
improve hance- otk for Halal ensuring no con-
chain sup- . .S
the Halal sup- ment port compliance  tamination oc-
ply chain? and transpar-  curs." (R1)
ency.
*  Automated DT aids in "Integrating
What role compli- automating .
Halal . Halal certifica-
does DT play . ance compliance .
) . Compli- tion into the DT
in ensuring checks checks and .
ance As- . . model simplifies
Halal e Certifica- facilitating . .
. surance L the verification
compliance? tion inte-  regulatory au- " (R5
gration dits, process." (R5)
What opera- DT enhances "Predictive ana-
tional bene- e Predictive performance lytics allows us
Opera- . .
fits can DT . analytics by predicting  to prepare for po-
tional Ef- . : . .
offer to the ficienc e Costopti- disruptions tential supply
Halal supply Y mization  andreducing chain delays."
chain? inefficiencies. (R4)
What chal- High c.osts "The cost of de-
lenges do you e Costof and skill .
. Techno- . ploying DT sys-
foresee in im- . implemen- shortages . .
. logical : . . tems is prohibi-
plementing tation were identi- .
Chal- .. tive for small
DT for Halal e Training fied as key .
supply lenges gans barriers to Halal-certified
chains? adoption. businesses.” (R2)
What oppor- Adoption e Market de- Growing de- ansumers are
o . Opportu- mand for asking for trans-
tunities exist oE mand
nities transparency  parency, and DT
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for DT adop- e Collabora- creates op- offers that capa-
tion in the tion poten- portunities bility." (R3)
Halal supply tial for DT imple-

chain? mentation.

Sub-themes such as real-time tracking, blockchain support, predictive analytics, cost
optimization, and market demand provide deeper insights into how DT can facilitate
transparency, compliance, and operational performance. For example, under the
"Traceability Enhancement" theme, the description emphasizes DT's ability to provide
end-to-end traceability, while respondents highlight the use of real-time tracking and
blockchain for contamination prevention. Similarly, the "Technological Challenges"
theme identifies high implementation costs and training gaps as significant barriers to
DT adoption.

The quotes from respondents add richness to the analysis by grounding the identified
themes in real-world experiences. For instance, R1 acknowledges DT's capacity for
end-to-end traceability, whereas R2 and R3 highlight prohibitive costs and growing
consumer demand, respectively. These responses underline the multifaceted benefits
and challenges associated with DT technology.

The analysis effectively highlights both the transformative potential and practical
constraints of DT in the Halal supply chain. A notable strength of the analysis is its
structured approach, which organizes complex insights into accessible themes and sub-
themes. This categorization aligns with best practices in qualitative research, enabling
the identification of patterns and relationships within the data (Braun & Clarke, 2006).

One of the standout themes, "Traceability Enhancement," reflects DT's ability to en-

sure transparency, a critical requirement in the Halal supply chain. This aligns with

existing literature that emphasizes traceability as a cornerstone for Halal compliance
and consumer trust (Daud et al., 2024b; Tieman, 2017; Wong et al., 2025). Similarly,
the "Operational Efficiency" theme underscores DT's role in predictive analytics and
cost optimization, echoing studies that highlight DT's potential to streamline supply
chain operations and reduce inefficiencies (Tao et al., 2019).

However, the analysis also highlights significant challenges, particularly under the
"Technological Challenges" theme. High implementation costs and training gaps, as
cited by respondents, are consistent with broader findings on DT adoption barriers in
small and medium enterprises (SMEs) (Negri et al., 2017). Addressing these challenges
will require targeted investments in technology infrastructure and workforce develop-
ment.

Despite its strengths, the analysis could benefit from a broader exploration of cross-
sectoral perspectives. For instance, while it captures insights from industry profession-
als and researchers, incorporating perspectives from Halal consumers or policymakers
could provide a more holistic understanding of DT's implications. Additionally, the fo-
cus on Malaysian respondents limits the global applicability of findings. Expanding the
respondent pool to include international participants could offer valuable insights into
the adoption of DT technology in diverse regulatory and cultural contexts.



194 M. F. Osman et al.
5 Discussions

The findings of this study highlight the transformative potential of Digital Twin (DT)
technology in optimizing the Halal supply chain. This section discusses the implications
of these findings in light of existing literature, identifies practical applications, and ad-
dresses the challenges and opportunities related to DT adoption.

The results underscore the critical role of DT in achieving real-time traceability, a

emphasize the importance of traceability in ensuring the integrity of Halal products
(Tieman, 2015; Zulfakar et al., 2018). For example, respondents pointed to the integra-
tion of blockchain and IoT with DT as a game-changer, providing secure, real-time data
about the origin, handling, and distribution of products. This corroborates the assertion
by Tao et al. (2019) that DT technology is particularly effective in environments re-
quiring high standards of trust and accountability (Alqasa & Sundram, 2024; Ghaleb &
Sundram, 2024).

Another key finding is DT’s ability to support automated compliance checks and
streamline Halal certification processes. As noted in Abdul Rahman et al. (2021), the
automation and digitalization of compliance processes reduce human error and increase
efficiency. Respondents emphasized that embedding Halal certification into DT models
ensures that compliance is maintained across all stages of the supply chain. This finding
reinforces Tieman’s (2015) framework for integrating technology into Halal supply
chain systems to ensure adherence to Islamic principles.

Participants identified operational efficiencies, such as predictive analytics and pro-
cess optimization, as significant benefits of DT adoption. These advantages are con-
sistent with the findings of Lee et al. (2020), who demonstrated that DT applications
lead to improved forecasting and resource allocation in supply chains. While the study's
simulation modelling supports these claims, it also reveals opportunities for cost reduc-
tion by pre-empting supply chain disruptions and minimizing wastage. However, this
aligns with some limitations raised in the literature, including the initial investment
costs and complexity of implementation (Suhaimi et al., 2024; Tao et al., 2018).

Despite the evident benefits, the study identifies significant barriers, including high
implementation costs and a lack of skilled personnel (Daud et al., 2024a). These chal-
lenges are consistent with prior research highlighting the resource-intensive nature of
DT deployment (Xu et al., 2021). Furthermore, respondents expressed concerns about
the scalability of DT solutions for small and medium enterprises (SMEs), which form
the backbone of the Halal food industry in Malaysia. This finding points to the need for
public-private partnerships and government subsidies to support DT adoption in re-
source-constrained settings.

The study also highlights emerging opportunities for DT-driven innovation in the
Halal supply chain. Increasing consumer demand for transparency and sustainability
creates a favorable market environment for DT adoption. These findings align with
global trends where consumers increasingly value ethical sourcing and traceability
(Muhammad et al., 2025; Narayanan et al., 2024; Shamsudin & Selim, 2021). Respond-
ents proposed fostering collaborations between technology providers, industry stake-
holders, and regulatory bodies to accelerate the adoption of DT solutions, which echoes
recommendations by Ng et al. (2020).
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6 Conclusion

This discussion demonstrates that DT technology has the potential to revolutionize the
Halal supply chain by enhancing traceability, compliance, and operational efficiency.
However, addressing implementation challenges requires concerted efforts, including
financial support, technical training, and strategic collaborations. These findings con-
tribute to the growing body of literature advocating for the integration of advanced dig-
ital technologies in supply chain management and lay the groundwork for future re-
search and practical implementations.

References

Abdul Rahman, M. N. A., Othman, B., & Zailani, S. (2021). Leveraging blockchain and IoT
for Halal supply chain transparency and efficiency. Journal of Islamic Marketing, 12(3), 467-
480.

Abdul Rahman, N. A., Shamsudin, M. F., & Tieman, M. (2021). Blockchain and IoT in the
Halal supply chain. Journal of Islamic Marketing, 12(3), 492-508.

Alqasa, K. M. A., & Sundram, V. P. K. (2024). Decision support system success and
operations sustainability: Moderating role of supply chain resilience. Operational Research
Engineering Sciences: Theory and Applications, 7(1), 196-217

Braun, V., & Clarke, V. (2006). Using thematic analysis in psychology. Qualitative Research
in Psychology, 3(2), 77-101. https://doi.org/10.1191/1478088706qp0630a

Creswell, J. W. (2013). Qualitative inquiry and research design: Choosing among five ap-
proaches (3rd ed.). SAGE Publications.

Daud, A., Narayanan, N. S., Ghapar, F., Chew, L. L., Sundram, V. P., & Naidu, B. M. (2024a).
Integrating Resource-Based Theory and Contingency Theory for Enhancing Supply Chain
Resilience in Malaysia: A Post-Pandemic Analysis. Information Management and Business
Review, 16(3S(a)), 115-124.

Daud, A., Narayanan,N.S., Ghapar, F., Chew, L. L., Sundram, V. P., Naidu, B.M. & Zulfakar,
M. H. (2024b). Artificial Intelligence-Powered Risk Assessment in Supply Chain Safety. In-
formation Management and Business Review, 16(3S(a)), 107-114.

Fathurahman, H., Sundram, V. P. K., Nugroho, B. Y., & Muhamed, A. A. (2025). Mapping
priority of policy program in value chain operation for sustainability Indonesia palm oil in-
dustry. Journal of Ecohumanism, 4(2), 368—388. https://doi.org/10.62754/joe.v4i2.6127
Fuller, A., Fan, Z., Day, C., & Barlow, C. (2020). Digital Twin: Enabling technologies, cha
lenges, and open research. IEEE Access, 8, 108952-108971.

Ghaleb, M. M. S., & Sundram, V. P. K. (2024). Impact of supply chain complexity on supply
chain performance: Moderating role of information technology infrastructure. International
Journal of Construction Supply Chain Management, 14(1), 1-21.

Govindaraju, V. C., Sundram, V. P. K., Kamil, M. H. M., Ibrahim, Z., & Ghapar, F. B. A.
(2005). Science, technology and innovation in Malaysia: What do the key indicators suggest.
IRPA Seminar.

Haziq, M., Hisyam, Z., & Sundram, V. (2014). Predicting intention to choose halal products
using theory of reasoned action. Available at SSRN 2542781.



196 M. F. Osman et al.

Jones, D., Snider, C., Nassehi, A., Yon, J., & Hicks, B. (2020). Characterising the Digital
Twin: A systematic literature review. CIRP Journal of Manufacturing Science and Technol-
ogy, 29, 36-52.

Krishnan, I. A.J., Sundram, V. P. K., Mokhtar, A. R. M., & Shahrom, M. (2025). Examining
the nexus between corporate governance mechanisms and environmental, social, and govern-
ance: A case study of Malaysian listed firms. Institutions and Economies, 17(3), 27-52.
https://doi.org/10.22452/1JIE.vol17n03.2

Kritzinger, W., Karner, M., Traar, G., Henjes, J., & Sihn, W. (2018). Digital Twin in manu-
facturing: A categorical literature review and classification. IFAC-PapersOnLine, 51(11),
1016-1022.

Lee, J., Bagheri, B., & Kao, H. A. (2020). A cyber-physical systems architecture for industry
4.0-based manufacturing systems. Manufacturing Letters, 3(1), 18-23.

Muhammad, M. S. H., Narayanan, N. S. P. P., Ghapar, F., Chew, L. L., & Sundram, V. P. K.
(2025). The impact of good citizenship dimension on supply chain sustainability. SMART
Journal of Business Management Studies, 21(1), 26-37.

Muhammad, M. S., Narayanan, N. S., Ghapar, F. & Sundram, V.P.K. (2025). The Impact of
Good Citizenship Dimension on Supply Chain Sustainability. SMART Journal of Business
Management Studies (ISSN 2321-2012), 21(1), 26-37.

Munir, Z. A., Bhatti, M. A., & Sundram, V. P. K. (2021). The determinants of humanitarian
supply chain efficiency: A case study of flood disaster in Malaysia. SMART Journal of Busi-
ness Management Studies, 17(2), 10-16.

Munir, Z. A., Sundram, V. P. K., & Adham, K. A. (2022). Inter-organisation practices for
humanitarian supply chain: A case study of flood disaster in Malaysia. Global Business and
Management Research, 14(1), 194-202.

Narayanan, N. S. P. P., Ghapar, F., Chew, L. L., Sundram, V. P. K., & Jayamani, U. (2024a).
Measuring the unmeasured: Exploring the concept of "Supply Chain Quotient" [SCQ]. Info
mation Management and Business Review, 16(2), 36-43.

Narayanan, N. S. P. P., Ghapar, F., Chew, L. L., Sundram, V. P. K., & Jayamani, U. (2024b).
Optimizing working capital management in supply chain finance: A multi-dimensional ap-
proach. Information Management and Business Review, 16(2), 44-52.

Narayanan, N. S., Fathurahman, H., Ahmad, N. N., Ghapar, F., Chew, L. L., & Sundram, V.
P. K. (2024). Consumer Perspectives on the Sustainability of the Malaysian Palm Oil Supply
Chain: Awareness, Price Sensitivity, and Certification Impacts. Malaysian Journal of Co
sumer and Family Economics, 33, 408-436.

Negri, E., Fumagalli, L., & Macchi, M. (2017). A review of the roles of Digital Twin in CPS-
based production systems. Procedia Manufacturing, 11, 939-948.
https://doi.org/10.1016/j.promfg.2017.07.198

Ng, H. C., Tieman, M., & Zulfakar, M. H. (2020). Challenges of Halal supply chain manage
ment: A case study of SMEs in Malaysia. International Journal of Supply Chain Managem
nt,(4), 67-75.

Othman, N. A. F., Jaini, A., Ismail, M., Zainoddin, A. I., & Radzi, S. F. M., Sundram, V. P.
K. (2023). Gamification in online learning: A case study among university students in Malays
ia. Asian Journal of University Education, 19(2), 282-293.

Silverman, D. (2020). Qualitative research (5th ed.). SAGE Publications.

Suhaimi, A., Othman, A. A., Ghazali, A. F., & Sundram, V. P. K. (2024). The effect of trust
in food safety, perception, product features and consumers' characteristics on consumers' pu
chase decision for safe food: A systematic literature review. Pertanika Journal of Social Sc
ences & Humanities, 32(2).


https://doi.org/10.22452/IJIE.vol17no3.2

Exploring Halal Supply Chain Modernization Using Digital Twin ... 197

Tao, F., Zhang, H., Liu, A., & Nee, A. Y. C. (2019). Digital Twin in Industry: State-of-the-
art. Manufacturing Letters, 20, 1-4.

Tao, F., Zhang, M., Cheng, Y., & Qi, Q. (2019). Digital Twin in industry: State-of-the-
art.Journal of Industrial Information Integration, 15, 100-120.

Tao, F., Zhang, M., Liu, Y., & Nee, A. Y. C. (2019). Digital Twin driven smart manufacturing.
Academic Press.

Tieman, M. (2015). Halal clusters. Journal of Islamic Marketing, 6(1), 2-21.

Tieman, M. (2017). Halal risk management: Combining robustness and resilience. Journal of
Islamic Marketing, 8(3), 461-475. https://doi.org/10.1108/JIMA-10-2015-0074

Tieman, M., & van der Vorst, J. G. A. J. (2012). Halal logistics and the impact of consumer
perception. Journal of Islamic Marketing, 3(3), 224-238.

Wider, W., Singh, B. S. H., Razali, M. Z. M., Bakar, S. M. S. A., & Sundram, V. P. K. (2024).
A comprehensive insight into manufacturing industry supply chain dynamics: A case study of
the mosquito coil sector’s challenges. Journal of Infrastructure, Policy and Development, 8(9),
5579.

Wong Chee, H., Sundram, V. P. K., Bakar, S. M. S. A., & Narayanan, N. S. P. P. (2025).
Charting a thriving path for the Malaysian palm oil supply chain: A SWOT-QSPM-powered
strategic roadmap. Journal of Distribution Science, 22(10), 31-41.

Xu, X., Sun, J., & Liu, Y. (2021). Challenges in implementing Digital Twin technology in the
supply chain. International Journal of Production Economics, 243, 108-122.

Zulfakar, M. H., Anuar, M. M., & Tieman, M. (2018). Conceptualizing the Halal supply chain.
Journal of Islamic Marketing, 9(4), 604-620.Zulfakar, M. H., Jie, F., & Chan, C. (2014). Halal
food supply chain integrity: From a literature review to a conceptual framework. Supply Chain
Management: An International Journal, 19(1), 121-134


https://doi.org/10.1108/JIMA-10-2015-0074

198 M. F. Osman et al.

Open Access This chapter is licensed under the terms of the Creative Commons Attribution-
NonCommercial 4.0 International License (http://creativecommons.org/licenses/by-nc/4.0/),
which permits any noncommercial use, sharing, adaptation, distribution and reproduction in any
medium or format, as long as you give appropriate credit to the original author(s) and the
source, provide a link to the Creative Commons license and indicate if changes were made.

The images or other third party material in this chapter are included in the chapter's
Creative Commons license, unless indicated otherwise in a credit line to the material. If material
is not included in the chapter's Creative Commons license and your intended use is not
permitted by statutory regulation or exceeds the permitted use, you will need to obtain
permission directly from the copyright holder.


http://creativecommons.org/licenses/by-nc/4.0/

	Exploring Halal Supply Chain Modernization Using Digital Twin Integration for Traceability, Compliance and Operational Excellence



