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Abstract

The rise in Halal Food Supply Chain (HFSC) issues and the ongoing 2019 global coronavirus
disease (COVID-19) pandemic accelerate the need for HFSC process compliance and the
adoption of technologies to validate and verify the authenticity and integrity of the HFSC
activity. However, the issues and factors in HFSC traceability in this context have yet to be
specifically published in Malaysia. The absence of this study suggests an impending need for
a study to be conducted to find the issues of HFSC traceability. Thus, this study aims to
propose the Halal Food Supply Chain Traceability Model by identifying the factors for HFSC
traceability. The halal food industry was considered as one of the case examples in the study.
This study was undertaken using content analysis by identifying the issues and factors for
HFSC traceability from previous researchers' twenty-three (23) studies. The study identified
the contributing factors to HFSC traceability and proposed the HFSC traceability model. The
benefits of knowledge gained could help the clarity and expectations of the solutions to the
HFSC industry and as references or basic guidelines on HFSC traceability.

Keywords: Halal Food Supply Chain, Food Supply Chain, Traceability, Technology, Halal
Traceability

Introduction

In general, the Food Supply Chain (FSC) is a cross-industry network ecosystem that works
together to develop customer and consumer solutions. Each driver can directly influence the
supply chain and enable certain capabilities. It highlights the issue of properly managing food
supply chains since there is a great deal of worry and a rise in food safety and food compliance
with specific religious requirements (Rejeb, 2018). The Halal Food Supply Chain (HFSC) is a
critical business as the industries are responsible for producing food that is consumed daily
by billions of people across the globe.

However, the integrity of the providers' processes, the authenticity, and the credibility of the
products have become a global issue. For example, in January 2013, the Food Safety Authority
of Ireland (FSAI) discovered that from 27 hamburger products, ten contained horse
deoxyribonucleic acid (DNA) the other 23 positive pig DNA. As a result of the 'horsemeat
crisis,' the Halal supply chain has gained traction due to a rise in Muslim market demands
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(Madichie & Yamoah, 2017). The food falsification has badly affected the economy and the
consumers' trust, which directly impacted all the stakeholders. In order to address the global
FSC issue, the suggested solution is by tracking and authenticating the FSC (Galvez et al.,
2018).

In order to get certifications such as "certified organic food," "certified GMO-free food,"
"certified Halal food," and other such certifications, the information gathered through the
traceability system is used. Apart from these advantages, traceability systems are also
necessary because they influence the effectiveness and performance of a company, the
integrity of food, and the prevention of food adulteration (Haleem et al., 2019). Traceability
contains the history of documented recognized processes and data history by utilizing certain
technology tools on the location of the food and its ingredients. Data captured includes the
history throughout the FSC cycle, for instance, the source of contamination (Girish &
Barbuddhe, 2019). HFSC traceability is important to address the growing concern on the HFSC
fraud and the failure of HFSC traceability that implicate the food safety and the credibility of
the HFSC industry. In addition, implementing a halal traceability system is critical to reduce
contamination and ensure that it would not occur throughout the process of handling halal
food in line with Shariah compliance standards (Ab Talib, 2017).

Hence, this research aims to identify the existing approaches and technology in solving the
HFSC traceability and propose the overall framework variables abstracted from the literature
review. The results of the study shall then be used as a reference or a basic guideline for study
purposes by the new researchers, the HFSC industry, consumers as well as the Government
agencies in understanding the HFSC issues, solutions adopted on the best practices of
approaches, and the technology in tracking and authenticating HFSC.

Literature Review

Halal Food Supply Chain (HFSC) Issues

The term HSFC refers to the process of delivering Halal food from farm to fork while
maintaining the product's Halal status (Rejeb, 2018). HSFC is defined as the process of
managing the procurement, movement, storage and handling of materials, parts, livestock,
semi-finished inventory food and non-food and related information, as well as
documentation, flows across the supply chain following the general principles of Sharia law
(Rashid et al., 2018). The explanation made by Vorst et al (2005) is that an FSC is a series of
activities from the producer and information flows. It includes the producer and its suppliers
and depends on the activities that include logistics, warehouses, retailers, and consumers
themselves. As per Zhong et al (2017), FSC is the movement of food from farm to fork,
including a multiplex web, food production by producers, vendors, processing, distribution,
retailing, and consumption by consumers. In general, FSC is the whole process of the entire
FSC until the delivery to the consumer (Lemma et al., 2014). It also projected a high increase
in world population in 2050 and 2100 with an additional 1.2 billion and 2.7 billion, respectively
(United Nations, 2020). With this increase and concerning research made by Lemma et al.
(2014), the concern on the resources of the FSC is critically challenging; thus, a solution is to
be created and maximize the availability of the resources to match with the population
growth. This is also consistent with the rise in the Muslim community, which has placed a
strong emphasis on the Halal certification of the food they consume.
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This definition of integrity could be related to being free of adulteration, misdescription,
falsification, or contamination intentionally or unintentionally (Wahab & Ling, 2019a). As time
changes, the realization of healthy food also increases. Some may particularly demand high-
quality foods, and some may opt for fast food. This food may be produced locally or from
another side of the country. Food producers frequently face problems authenticating the
source of the food (Wen et al., 2020). Tracking and authenticating by accessing the HFSC
history is essential for the industries. This is due to regulatory compliance and any other
factors concerning product origin, identity, and quality. These factors are crucial due to the
frequency of food safety issues (Dabbene et al., 2014). Consumers have become increasingly
aware of the food scandals and demanded more information about the products before
purchasing. The industries and the consumers' concern over the food quality gradually
increasing (Duan et al., 2020). Muslim customers are mostly concerned about food items'
adherence to Halal rules and Sharia law principles (Rejeb, 2018).

It was reported that almost 2,500 food-related incidents were reported in 2019/20 in England,
Northern Ireland, and Wales. This represents a 6.7% increase compared to 2018/19 reporting
(Sullivan & Randles, 2020). There is also a report made by the Grocery Manufacturers
Association estimating that adulterated food is valued at USD 49 billion per year (Babich &
Hilary, 2019). Furthermore, it was quoted by the Food Standards Agency, United Kingdom,
that livestock and livestock products are involved the most in food incidents (Sullivan &
Randles, 2020). The food falsification has badly affected the economy and the consumers'
trust, which directly impacted all the stakeholders, especially the Muslim population. In order
to address the global FSC issue, the suggested solution is by tracking and authenticate the
food supply (Galvez et al., 2018). News by Bloomberg by Anuradha Raghu (2020), several
senior officers of government agencies of Malaysia were allegedly involved in the importing
meat that claimed to be a mixture of kangaroo and horse meat of which were sold as halal
beef. However, Deputy Domestic Trade and Consumer Affairs Malaysia, Minister Datuk Rosol
Wahid, has confirmed that the tests carried by the Malaysian Chemistry Department
concerning the meat-fraud scandal showed that they are not pork, horse, or kangaroo meat
(The Star, 2020). This explains the degree of implication to the government due to a lack of
HFSC traceability.

Existing Approaches and Technology

The broad aspect of the HFSC circulation activities in line with the rapid growth of formal living
and the evolution and awareness on food safety and quality influenced and became a push
factor for the industries to utilize the relevant solutions and tools in managing the HFSC
activities. The discussion below is on the existing approaches and technology applied for
traceability in the HFSC industry.

Approaches

The consumer is concerned over the safe food security for consumption, and Halal has
become unconditional. However, from production to all stages of HFSC activities, the food is
exposed to contamination risk and Halal credibility exposures as there is no proper process
control. There are a few approaches to handling food products to ensure food safety. It is
required to meet a certain process benchmark following Halal requirements and
subsequently be documented. These certified and recognized processes are evidence of food
safety handling in the industry before adopting technology solutions in HFSC traceability.
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Approach 1 - Hazard Analysis and Critical Control Points (HACCP)

The U.S. National Aeronautics and Space Administration (NASA) developed the HACCP in the
1960s to ensure astronauts' food safety (Weinroth et al., 2018). Studies made by Feng Tian
(2018) explained that HACCP is a systematic approach in identifying, evaluating, and
controlling food safety hazards. A HACCP system is a preventive system of hazard control, and
the objective was to prevent possible food safety issues. The standard HACCP process is to
ensure that the risk of the potential hazards is mitigated. However, Sperber (2005) pointed
out that the lack of definitive critical control points could hinder the objective of HACCP in the
FSC. He believes that food safety control measures must be prioritized compared to the
essential points of control from the HACCP system. Journal written by Weinroth et al. (2018)
pointed out that although developed countries mostly adhered to core HACCP principles of
food safety, ideas dealing with traceability, vulnerability to food fraud, and intentional
adulteration have been considered further bolster food safety.

Approach 2 - 1IS022000:2018 Food Safety Management Systems (1SO)

ISO22000:2018 FSMS is a certification by the International Standard Organisation that is
currently adopted globally, enabling the FSC provider in planning and operate the product in
a safe environment. It also demonstrates compliance with the applicable statutory and
regulatory body in food safety requirements. It applies to the chain of FSC that consists of
producers, manufacturers, logistic providers, warehouse operators, to retail and food outlets
(Feergemand & Jespersen, 2005). As per International Organization for Standardization
(2018), with the certification, it is proven the FSC involved demonstrates its ability to control
food safety hazards and ensure the food is safe for consumption. They also stressed that
keeping food safe from farm to fork by ensuring hygienic practices and traceability at every
step of the supply chain is essential for the food industry. ISO is one of the highest certification
benchmarks that is recognized globally, and it is accredited by 165 national standard bodies,
for instance, in Malaysia, the accredited body is Sirim QAS International Sdn Bhd.

Approach 3 - Halal Compliance Critical Control Point (HCCCP)

Halal Supply Chain includes production, procurement, and preparation of halal ingredients to
the manufacturing and delivery that provides logistics to the end consumer. HCCCP is an
official recognition of the industry's practice with HACCP elements (Ministry of Health
Malaysia, 2021). HCCCP identified points within the overall operation, preparation, and
processing of Halal food. The traceability in HSFC ranges from HCCCP, the manual
documentation system, and a more complicated system using information technology
software and tools (Samsi et al., 2012). Approach 1 and 2 on HACCP and ISO are both
processes and documentation compliance without including Halal services and ingredients.
The combination of HCCCP validates the process in Halal compliance. The presence of HSFC is
vital as it strictly incorporates the Shariah principles throughout the supply chain
management process, from the point of sourcing to the end of consumption.

Technology

The industry and the community are dependent on technology, and the Covid-19 pandemic
isthe enabler for the adoption of technology globally. Hence, the technology adoption in HFSC
traceability strengthens the product quality, security, and safety throughout the FSC.
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Technology 1 - RFID

RFID technology consists of a microcontroller, a radio antenna, and a transmitter, which
improves practicality by identifying product information from a distance or out of sight. Thus,
to ensure that the product is safe and stored, the temperature is regulated by a micro-
controller, the intelligent tags can be affixed or integrated into products' packaging
(Moyeenudin, 2021). Daily scanning using RFID has exceeded over 5 billion products in 141
countries. RFID technology combined with appropriate information infrastructure enables
traceability in the FSC (Kelepouris, 2014).

Technology 2 - Internet of Things (loT)

FSC revolution is to improve the production efficiency as well as manage the quality reliance
on technology. Built-in sensors inside devices and objects connected with an loT platform
integrate data and interpret analytics comprised of valuable information (IBM, 2016). loT also
refers to integrating hardware equipped with sensors and actuators where it collects data (Cai
et al,, 2018). 10T is widely used in the FSC by integrating sensors/actuators, RFID tags, and
communication technologies (Zhang et al., 2017; Coronado Mondragon et al., 2020). These
have proven the industry's reliance on loT and RFID in the FSC production cycle (Kelepouris,
2014).

Technology 3 - Artificial Intelligence (A.I.)

HFSC industries are huge and HFSC producers mostly produce on a large scale. Strategically
as to maximize the revenue, the HFSC producers have to manage the risks by identifying the
possible risk and the mitigation measures to be taken into consideration to avoid or minimize
the unnecessary loss. Baryannis et al. (2019) found that proactive strategies rely on accurately
predicting the likelihood of occurrence and the potential impact of risks. This necessary
predictive capability can be achieved using techniques within the broad spectrum of A.l. Lu et
al. (2018). The research described those robots and A.l. are actively studied in the United
States. A.l. is used to perform and automate the work process. The A.l. has its benchmark
embedded in the robots to identify a complete or incomplete product to go through the next
process. The presence of A.l. provides support to the HFSC producer in decision making.

Technology 4 - Blockchain

The search for alternatives to the conventional supply chain has started due to declining trust
and traceability issues (Madichie & Yamoah, 2017). The implementation and utilization of
blockchain could determine the substance and criticality of the HFSC traceability and
authenticity problem. Furthermore, it also can choose blockchain solutions towards resolving
the issue. A brief review made by Yaga et al. (2019) states that four main characters enable
blockchain technology: a ledger, secure, shared and distributed. Blockchain can create a
decentralized ledger tracing product from field to shelf. It provides full traceability and
ensures the source of a product, product freshness, and all production standards are being
met.

Methods & Materials

The methodological research approach used in this article is a content analysis to determine
the presence of certain words, topics, or concepts in certain qualitative data (Zailani, 2015).
This study uses content analysis to identify the existing approaches and technology in HFSC
traceability in the published literature. Qualitative research is done to precisely convert a vast
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volume of material into a clear and concise summary for the most significant results
(Erlingsson & Brysiewicz, 2017). Articles were collected from the repository of Emerald
Insight, Research Gate, Science Direct, MDPI, and Google Scholar. Food integrity is a multi-
dimensional concept that recognizes food quality, food security, and food protection as
interdependent and mutually strengthening food integrity pillars, while standards and food
security systems are recognized as fundamental mechanisms to improve the integrity of the
food chain (Wahab & Ling, 2019).

The scope of research narrowed on the research objective that was relevant for the period
between 2017 until 2021. As a result, there were 29 articles studied, and six articles were
discarded due to the irrelevant context of the objective and 23 papers were accepted. After
that, data is analyzed and extracted by segregating the approaches and technology to solve
the FSC traceability and identify the keywords. By referring to the research goal, we can
concentrate on the research during the analysis findings (Erlingsson & Brysiewicz, 2017). The
focus was made on the common context of traceability in terms of approaches and
technologies that consists of seven (7) keywords used for searching articles that include
"Internet of Things (loT), Radio-Frequency Identification (RFID), blockchain, Artificial
Intelligence, International Standard Operating (ISO), Halal, and Hazard Analysis Critical
Control Point (HACCP)", details extraction of resources is as per the data tabulated at Table
1.0 below. The author also identifies the researchers' common challenges, which will be
deliberated further in the discussion.

Table 1.0
Approaches and Technology in FSC
REPOSITORY KEYWORDS AUTHOR AND YEAR
Emeraldinsight loT, RFID, Blockchain (Zhang et al., 2017; Zhong et al., 2017,
Sander et al., 2018)
ResearchGate loT, RFID, Blockchain, (Al et al., 2017; Allata et al., 2017; Ab
ISO, Halal, HACCP, Talib, 2017; Cai et al., 2018; Bakar & Rosbi,
Artificial Intelligence 2019; Baryannis et al., 2019; Coronado
Mondragon et al., 2020; Mohd Nawawi et
al., 2020)
ScienceDirect loT, Blockchain, Halal, (Haleem et al., 2019; M1irabelli & Solina,
HACCP, RFID, Artificial 2020; Saurabh & Dey, 2021; Riahi et al.,
Intelligence 2021)
MDPI ISO, 10T, Blockchain, (Zimon et al., 2020; Duan et al., 2020; Di
RFID, Artificial Vaio et al., 2020; Ahmed et al., 2021)
Intelligence
GoogleScholar HACCP, RFID, Artificial (Tian, 2018; Weinroth et al., 2018;
Intelligence Baryannis et al., 2019)
Findings

The selected publications and papers provided sufficiently illustrate the extensive study in
existing approaches and technology methods in solving FSC traceability. A total of 29 research
articles were analyzed, of which six articles have been removed which were found irrelevant
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and beyond the scope of the study. Table 2.0 below summarizes the identified challenges of
the approaches and technology solutions in FSC traceability: -

Table 2.0
Approaches and Technology Challenges in FSC
NO CONTEXT CHALLENGES REFERENCES

1 Approach HACCP 1) HACCP is not a stand-alone system according  (Weinroth
to the M.S. 1480:2007. et al., 2018;
2) Implementation must be supported with  Saurabh &
Prerequisite Programs such as Good Hygiene  Dey, 2021
Practices, Good Manufacturing Practice, or
other systems similar in kind
3) Developing nations are unable to adopt
consistent regulatory requirements in food

safety
2 Approach ISO 1) Developing nations struggle with consistent (Allata et al.,
food safety standards regulation 2017,
implementation Weinroth et
2) If one supply chain link is threatened or absent, al., 2018;
the whole network will be affected Zimon et al.,
3) The absence of benchmark information and 2020)

the degree of complexity of the product or
service to be supplied
4) The cost of implementing traceability systems
is viewed as a barrier for supply chain
participants.
5) Lack of traceability investment in
underdeveloped nations has led to a large
number of incidents of food outbreaks and
fraud activities
3 Approach Halal 1) Questionable on the product's Halal status as  (Ab Talib,
Malaysian Halal certification scheme is divided 2017; Bakar
into food product/ beverages/ food & Rosbi,
supplement; food premise/ hotel; consumer 2019; Mohd
goods; cosmetic and personal care; Nawawiet
slaughterhouse; pharmaceutical; and logistic. al., 2020)
2) Companies are more motivated and concerned
about the internal process compliance instead
of the benefit they could gain broadly outside
of the Company
1) One of the relevant problems preventing the
growth of the worldwide halal food sector was
the lack of standardized Halal standards

4 Technology RFID 2) Quality perceptions and purchasing decisions (Caietal.,
depend on complete traceability devices 2018;
3) Aninadequate grasp of technological challenges ~ Sander et
and raw data manipulation al., 2018;
4) Difficulties in enlisting the support by Duanetal,
stakeholders, as well as a lack of rules 2020;
Coronado
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5)

5 Technology loT 1)
2)
3)

4)

5)
6)

7)
8)

6 Technology  Artificial 1)
Intelligence
2)
3)
7 Technology Blockchain 1)
2)
3)
4)
5)

6)

Discussion

Food suppliers have a limited understanding of
technology, which may jeopardize the system's
benefits.

Quality perceptions and purchasing decisions
depend on complete traceability devices

An inadequate grasp of technological challenges
and raw data manipulation

Difficulties in enlisting the support by
stakeholders, as well as a lack of rules

Food providers lack thorough knowledge of
technology, which might jeopardize the system's
benefits.

Malicious attacks on traceability devices might
be feasible.

Possible issues in data integrity, tampering, and
single points of failure

Data integrity is possible inaccurate

loT data event incoherence sent from several
IOT data sources

A.l. integration may influence the human
workforce

Breach of data privacy

Some stakeholders are unable to cope with
technology

Quality perceptions and purchasing decisions
depend on complete traceability devices

An inadequate grasp of technological challenges
and raw data manipulation

Difficulties in enlisting the support by
stakeholders, as well as lack of rules

Due to the huge number of users and
transactions in one FSC.

FSC stakeholders with a lack of technological
expertise may jeopardize blockchain's benefits
Blockchain relies on more than 51 per cent of
devices to link, which might lead to potentially
harmful assaults by an assailant attacking
Internet infrastructure.

Mondragon
et al., 2020;
Saurabh &
Dey, 2021)
(Duan et al.,
2020;
Mirabelli &
Solina,
2020;
Ahmed et
al., 2021)

(Baryannis
etal.,
2019;Di
Vaio et al.,
2020;Riahi
et al., 2021)
(Sander et
al., 2018;
Caietal,,
2018; Duan
et al., 2020;
Mirabelli &
Solina,
2020)

This study summarizes the common practice of the seven key aspects of approach and
technology for HFSC traceability through a comprehensive study from the gathered articles.
Several common challenges were found because the approaches and technologies used were
linked and integrated. Findings were not limited to the benefit but also extended to the
challenges to understanding the gaps of the existing HFSC traceability solutions. Therefore,
this study is relevant to the stakeholders in HFSC. This article's explanation and summary
sections are based on a comprehensive literature study conducted specifically for this topic
and the author's comments on research reviewed and experience.
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Approaches

The traceability system has made production more efficient. It explains that these systems
have made it possible to track the raw materials' quality and take immediate action if safety
issues are reported (Allata et al., 2017). This emphasizes that the context of traceability is not
just dependent on technology. It also relates to the HFSC stakeholders' production process
approach.

The halal food industry has become one of the key industries in Malaysia, and it is growing
and recognized worldwide. Based on the challenges highlighted, the author agrees on the
challenges faced by the Halal industry that no specific standards or practices are being
introduced at the industry level. The HFSC is a realistic example of a strong FSC that uses the
farm-to-fork concept to prevent contamination and food integrity violations (Wahab & Ling,
2019). If a food contains imported components, each must be inspected for halal status,
resulting in supply chain investigations.

As for HACCP, the author believes that since it is required, the other Prerequisite Programs as
qguoted by the author in Table 2.0, item (2), where the cost of implementing it in the FSC is
possible higher as it is required different consultation and advice as well as a different
accreditation body of compliance for the FSC to adhere. Thus, the implementation is quite
massive as it contains a different process of compliance. The next approach is the adoption
of the ISO process in the FSC activities. ISO has been recognized and accepted globally.
However, it is noted that due to the complexity degree each FSC products process may carry,
a different result of the process and the lack of supervision in implementing the ISO may be
difficult for some FSC stakeholders.

To summarize, all the 3 FSC traceability approaches consisting of Halal, HACCP, and ISO are
the quality assurance in ensuring the process in the FSC cycle is transparent and adhered to
the Standards benchmark. However, the common challenges that the system is facing are,
first, the cost involved in implementing it, requiring a certified subject matter expert to advise
and massive documentation involved—secondly, the lack of governance and regulation
involved in stressing the importance certify the process certification. In addition, the adoption
of Halal criteria on top of the other accreditation approaches is an effective solution in terms
of recognizing and validating the Halal credibility in HSFC.

Technology

Traceability is used to meet consumer expectations, provide optimal product flow
management, and enhance speed across the FSC. This could be implemented through several
technologies (Khan et al.,, 2018). In this paper, the author selected the most common
technologies mentioned in the FSC traceability: RFID, loT, A.l., and Blockchain.

RFID hardware severely limits the computational capability of its parts, particularly the tag.
As a result, traditional approaches based on public-key cryptography or symmetric key
primitives cannot be used (D'Arco & De Prisco, 2018).

As for loT, certain features, such as deployment, mobility, and complexity, have caused severe
security weaknesses that cannot be accepted (Neshenko et al., 2019). The author also agreed
that, as stated in Table 2.0, item (5), the malicious assault on loT devices might violate data
security, leading to the inaccuracy of data reported. Therefore, a proactive strategy to
safeguard the loT ecosystem is important.

The author also concurred with the concern on A.l. implication on the human workforce as
the tendency to rely on technology beyond A.l. could also threaten the human force's need.
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As per Rn (2020), he quoted that blockchain comprises a large quantity of transaction data.
Therefore, each block takes up a large amount of storage space, and where a large number
of blocks are interconnected to create the blockchain, causing storage difficulties. As for the
issue of scalability, it arises when the number of blocks in a blockchain grows. As a result,
systems cannot cope with the increased system speed, which subsequently jeopardizes the
system's performance.

Based on the review made on the past research as per Table 2.0, the author agrees with the
researchers on the common opinion of challenges for the four technologies. Firstly, the
success of traceability in the HFSC industry depends on other systems devices. Therefore, the
acceptance and adoption of the technologies in the HFSC industry are crucial to materialize a
complete HFSC cycle traceability. The lack of technology will also be a hindrance that may
cause the HFSC stakeholders to be unable to achieve a competitive advantage in the industry.
The most important is the support by the Government or the regulatory body in enforcing the
industry to adopt the application of technologies in HFSC traceability in ensuring the
consumers are protected.

Food Supply Chain Traceability Model

Based on the L.R. and the findings and challenges discussed earlier, the author suggests an
HFSC traceability model of which the identification is made based on the independent
variables as per Table 2.0 and Figure 1.0 below. A Variable is defined as a statistic or an
individual observation (Ryan, 2006).

Table 2.0
Food Supply Chain Variables
No Variables Definition Author
1 Food Safety Safe and not harmful for consumptions (Abdullah Sani & Dahlan,

2015)
2  Accreditation To eliminate haram and doubtful (Ab Talib, 2017)
concerns, Muslim consumers require
food certification that includes halal
principles and safety and quality

elements.
3  Process FSC process implementation guided by a (Casino et al., 2020)
Accuracy structured quality control system

established by the Standards
4  Perceived of = Complete FSC production processes are (Casino et al., 2020)
Trust compulsorily recorded as per ISO
5 Process Leverage and comply with the (Baryannisetal., 2019)
Compliance application of technological innovations
for efficient data recording and exchange
of information
6 Perceived of Minimize the risk through effective (Baryannisetal., 2019)
Risks utilization of technology
7  Minimize Loss Reduce loss and waste by managing the (Lemma et al., 2014)
flow of products in the supply chain with
decision support systems and
information technology
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8 Decentralized A secure database system for managing (Mirabelli & Solina, 2020)
Ledger data integrity and manipulation

Food Safety Sy |

Accreditation — i

A: i{ Approaches L
e

Process Accuracy -

Percelved of
Trust

q FSC Traceabllity
/ -

Process

5
compliance N /

——— d
Percelved of _o — /
Risks IR o ST O ) j /
S — _f_’_:f Technology
7 A : >
Minimise Loss —_—

Decentralised
Ledger

Figure 2.0: Halal Food Supply Chain Traceability Model

The approaches independent variables were derived from the perspective of hazard
prevention in the production of food processes to avoid possible food safety problems. By
complying with the Halal accreditation throughout the Halal Supply Chain Management
process, the producers would mitigate any potential risks in producing the food and have the
production accredited with Halal. HFSC's activity process is accurate due to this compliance
which is supervised by a quality control system. In addition, the whole HFSC manufacturing
process must be documented to instill a sense of confidence and reliability in the information
being supplied.

As for the technology, the independent variables on process compliance are leveraging and
complying with the proper application of technological innovations for efficient data
recording and exchange of information. Thus, it could minimize risk exposures and financial
loss by managing the HFSC process with technology. This is due to the technology's ability
embedded in tools and devices to identify a complete or incomplete product and provide
traceability to help HFSC producers make decisions. In addition, the decentralized ledger
provides complete traceability from field to shelf.

Conclusion

Food adulteration, fraud, and food contamination incidents have occurred unprecedentedly,
undermining consumer confidence in the food they consume. Such contamination is a
significant problem among Muslim consumers, and these occurrences precisely created the
drives in implementing a traceability system into the food industry. Thus, this study aims to
find the presence approach and technology in HFSC traceability.

Understanding the basic components of existing HFSC traceability approaches and
technologies could help clarify the functions of the solutions. The discussion of the challenges
that stakeholders may face was also highlighted to identify and manage the risks. The
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proposed HFSC traceability model, as per Figure 1.0, is a great help for clarity on the
requirement of HFSC traceability for future reference. It is also important to understand the
relationship between the approaches and the technology to achieve the goal of successful
HFSC traceability. The context of success for this study is when the food quality and safety
control process system and the traceability tools and application could lead to a credible HFSC
traceability reporting.

The above studies were limited to the results of previous research. It suggests the component
in existing approaches and technologies of HFSC traceability for a common understanding,
importance and challenges. However, it does not contain a case study of the relationship
between these components. Therefore, future work should be considered in analyzing the
relationship between these components in the HFSC industry.

In the future, this research can be used as a starting point for understanding HFSC traceability
criteria and the needs and relationships between the techniques and technologies. Future
research should examine the flow of approaches and technologies and then conduct a
stakeholder survey on HFSC traceability solutions to measure the uptake of the solutions.
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