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Abstract

Purpose – The complex network structure causes several disruptions in the supply chain that make risk
management essential for supply chain management including halal supply chain (HSM). During risk
management, several challenges are associated with the risk assessment phase, such as incomplete and
uncertain information about the system. To cater this, the authors propose a risk assessment framework that
addresses the issues of uncertainty using neutrosophic theory and demonstrated the applicability of the
proposed framework through the case of halal supply chain management (HSCM).
Design/methodology/approach – The proposed framework is using the capabilities of the neutrosophic
number which can handle uncertain, vague and incomplete information. Initially, the risk related to the HSC is
identified through a literature review and expert’s input. Further, the probability and impact of each HSM-
related risk are assessed using experts’ input through linguistic terms. These linguistic values are transformed
into single-value trapezoidal neutrosophic numbers (SVTNNs). Finally, the severity of each HSM-related risk is
determined through the multiplication of the probability and impact of each risk and prioritised the risks based
on their severity.
Findings – A comprehensive risk assessment framework is developed that could be used under uncertainty.
Initially, 16 risks are identified related to the HSM. Further, the identified risks are prioritised using the severity
of the risks. The high-priority risk is “raw material status”, “raw material wholesomeness” and “origin of raw
material” while “information integrity” and “people integrity” are low-priority risks.
Practical implications – HSM risk can be effectively assessed through the proposed framework. The
proposed framework applied neutrosophic numbers to represent real-life situations, and it could be used for
other supply chains as well.
Originality/value – The proposed method is effectively addressing the issue of linguistic subjectivity,
inconsistent information and uncertainty in the expert’s opinion. A case study of the HSC is adopted to
illustrate the efficiency and applicability of the proposed risk framework.
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1. Introduction
Riskmanagement has become amajor research area in the field of supply chain management
over the last few years (Shan, Xiong, & Zhang, 2023). Academic scholars and professionals
have given greater consideration to riskmanagement in supply chains as ameans of reducing
vulnerability (Liu, Zhou, & Gao, 2022; Balfaqih, Nopiah, Saibani, & Al-Nory, 2016; Behzadi,
O’Sullivan, Olsen, & Zhang, 2018). The primary reason behind this attention towards risk
management could be increasing risk events such as natural disasters, economic crises,
market fluctuations, increased outsourcing and offshoring, pandemic and wars (Gebhardt,
Spieske, Kopyto, & Birkel, 2022; Wiengarten, Humphreys, Gimenez, & McIvor, 2016). Due to
the major emphasis of the industries on improving the efficiency of the supply chain, the
current global supply chain is becoming more vulnerable and fragile to disruptions (Song,
Ma, Zhao, & Zhang, 2022).

The generic risk management framework is constituted of four stages, and the risk
assessment phase is considered a vital phase of risk management. Risk assessment is the
process of risk quantification to mitigate these risks as per their severity (Khan, Haleem, &
Khan, 2022; Shankar, Choudhary, & Jharkharia, 2018). The conventional risk assessment
model uses crisp values in their method, and these crisp values are not efficient for risk
evaluation (Tian, Chen, & Wu, 2022). The risk assessment procedure assesses risks before
their occurrence. In other words, these risk estimations are related to the future state. In this
regard, it is very difficult to give a direct and correct numerical value in a crisp manner. To
overcome this issue, advancedmethods use linguistic/subjective data for assessment of risks,
such as “low, medium, high, likely occur”, etc. These linguistic variables bring linguistic
subjectivity to their assessment (Singh et al., 2022). Linguistic subjectivity refers to the idea
that language use is influenced by personal experiences, beliefs, values and emotions (Singh
et al., 2023. It means that language is not neutral or objective, but rather shaped by the
person’s perspective. In order to address linguistic subjectivity, fuzzy theories are used that
can easily transform andmodelled (Muneeb, Asim, &Adhami, 2019; Dong&Cooper, 2016). It
is also important to note that the expert’s input is subject to some additional complexities,
including fuzziness, incomplete and inconsistent information (Hashmi, Jalil, & Javaid, 2021).
These issues are not addressed concurrently by the fuzzy set theories including their different
variants such as intuitionistic fuzzy theory (Hashmi, Aqib Jalil, & Javaid, 2022). On the other
hand, these issues concurrently address the neutrosophic numbers by transforming the
linguistic input (Simi�c, Milovanovi�c, Panteli�c, Pamu�car, & Tirkolaee, 2023). Three
membership elements in neutrosophic numbers distinguish them from fuzzy and
intuitionistic fuzzy numbers (IFNs): truth, indeterminacy, and falsity (Smarandache, 1998).
Hence, it could resolve the fuzziness, incomplete and inconsistence information, better than
fuzzy and IFNs (Abdel-Basset, Gunasekaran, Mohamed, & Smarandache, 2018).

To overcome the limitation to handle the fuzziness and incomplete and inconsistent
information of the conventional risk assessment approach, the neutrosophic numbers can be
utilised in the risk assessment. Therefore, this study purposes a novel risk assessment
method to assess the risk using the neutrosophic numbers. In this method, the probability of
the risk occurrence and impact obtained from the experts are transformed into single-value
trapezoidal neutrosophic numbers (SVTNNs). Based on the probability of occurrence and
their impact, the severity of the risk is determined. As a result of the proposed method, it will
be possible tomake precise decisions and efficiently assess risks. In this study, a case study of
halal supply chain management (HSCM) is used to illustrate the proposed methodology. The
primary objectives of the research are as follows:

(1) To propose a risk assessment framework in the uncertain environment.

(2) To illustrate the proposed methodology with an HSCM.

(3) To recommend the risk mitigation for the HSCM.
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The above-mentioned research objectives are fulfilled through the development of the risk
assessment framework and validated with the case of HSCM. This paper illustrates the
proposed risk assessment framework by identifying the risks associated with the halal
supply chain (HSC) based on the literature review and validatingwith the opinions of experts.
After that, the neutrosophic numbers are used to quantify and rank the risks related to the
HSC with the consultation of domain experts. Further, some useful suggestions are provided
to mitigate the potential risks.

The remaining paper is arranged as follows: Section 2 literature review of this study;
Section 3 illustrates the proposed framwork for the risk assessment; Section 4 provides a case
study to demonstrate the proposed risk assessment framework; Section 5 provides an
overview of the results of the study, Section 6 provides an overview of the results of the study,
and Section 7 discusses the implications of the research.

2. Literature review
This section provides a brief review of the concept of halal, risk assessment model and the
application of the neutrosophic set theory in multi criteria decision making (MCDM)
problems.

2.1 Halal supply chain and risk management
Halal is an Arabic word that means permissible, acceptable and lawful, and the crux of it is
that all consumables and foods are considered halal, except where specific restrictions are
imposed by Shariah. Therefore, in Islamic law (Shari’ah), everything that is permissible is
halal (Khan, Haleem,&Khan, 2018; AbTalib and Zulfakar, 2023). Essentially, Halal promotes
people’s ability to maintain cleanliness in all aspects of their lives through their choice of
products and services. In addition to being safe for consumption, halal products are produced
in a clean environment and have become the standard for quality (Khan, Haleem, Ngah, &
Khan, 2023). In order to fulfil the demand and facilitate the flow of halal products, the concept
of HSCM is emerging. As part of supply chain management, product flows, capital flows and
information flows are also managed. The HSCmust meet the Shariah requirements to ensure
halal integrity for consumers (Ali, Tan, & Ismail, 2017).

The HSC refers to the flow of products from origin to consumption in which halal and
toyyib conditions are taken into account along the supply chain (Omar and Jaafar, 2011).
HSCM is responsible for maintaining the halal status throughout the supply chain by
ensuring the integrity of halal through certifications (Amer, 2023). Tomaintain halal integrity
up to the point of consumption, there are numerous uncertainties present. The HSC is the
process of managing halal products from different suppliers to a wide variety of buyers and
consumers, involving several different parties located at different places (Zulfakar, Anuar, &
Talib, 2014). As halal food products possess the credence quality attribute, it is difficult for
the consumer to verify their integrity even after consumption. Therefore, risk management
becomes an essential part of HSCM to maintain the halalness of the product up to
consumption. Risk management has four primary stages that include identification,
assessment, mitigation and control (Khan et al., 2023). Risk identification deals with the
potential uncertainty/threats that breach the halal integrity of the product. The risk
assessment phase is used for quantifying or prioritising the risks (Khan, Khan, Haleem, &
Jami, 2019). Risk mitigation stage focuses on the identification and development of strategies
for reducing the risk that is identified in the risk identification phase. Further, risk control
deals with the deployment of risk mitigation strategies. Through these four steps, risk
management could be done in any supply chain including the HSC.

HSC risk
assessment
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uncertainty



2.2 Risk assessment model
A number of organisations are advancing their supply chains to the global level to reduce
their costs. As a result, such organizations experience new risks due to the possibility that
their supply chain could be impacted by political instability, emergencies and natural
disasters occurring on the other side of the globe (Abdalkrim andGuizani, 2022). Outsourcing
and subcontracting become a necessity of the global supply chain, which leads to increased
vulnerability in the supply chain (Javaid & Siddiqui, 2018). Supply chain management
becomes more complex due to the tendency to outsource activities, resulting in a longer
supply chain and a greater number of variables and interactions to analyse (Cheng, Guo, Li, &
Yu, 2022; Anis, Iqbal, Nazir, & Khalid, 2022). In this complex scenario, risk management is
challenging for supply chain management.

Among the four stages of risk management, risk assessment is a crucial stage because it
has many complexities due to the involvement of several preconceptions (Heckmann,
Comes, & Nickel, 2015). Several approaches have been applied for risk assessment such as
failure effect mode analysis (Giannakis & Papadopoulos, 2016), interpretive structural
modelling (Chand, Raj, & Shankar, 2015), multi-criteria decision-making (Mangla, Kumar,
& Barua, 2015; Lin, Li, Xu, Liu, & Liu, 2018) and Bayesian modelling (Qazi, Quigley,
Dickson, & Ekici, 2017). These approaches are integrated with the intuitionistic fuzzy set
(IFS) theory (Shankar et al., 2018) to enhance the effectiveness of the evaluation. As most of
the risks related to the supply chain are qualitative, it is possible to analyse them using the
opinion of the experts. Due to the subjective and imprecise inputs provided by these experts
(Javaid et al., 2022), it became more difficult to assess the risks precisely. The expert’s input
is affected by three major complexities, including vagueness, inconsistent information, and
uncertainty. However, these approaches are not handled by three major issues
simultaneously. Hence, this study tries to develop a risk assessment approach which can
handle these three issues simultaneously. In this study, we propose a novel risk assessment
approach using the neutrosophic set theory to cater for the issue of vagueness, subjectivity
and incomplete information simultaneously.

2.3 Application of neutrosophic set theory
Neutrosophic numbers are a type of mathematical concept that extends traditional real
numbers to include a degree of indeterminacy or neutrality. It is part of neutrosophic theory
which seeks to explore the interplay between truth, falsehood and indeterminacy.
Neutrosophic numbers can be used in several fields, such as decision-making, expert
systems and artificial intelligence, where indeterminacy and uncertainty play a significant
role. They offer a way to represent complex, uncertain and contradictory information in a
more nuanced and flexible way. Neutosophic set theory has been applied to a variety of
problems in the literature, including the solution of linear programming problems (Abdel-
Basset et al., 2018), quantifying risks in the supply chain (Abdel-Basset et al., 2018); group
decision-making (Abdel-Basset, Mohamed, Hussien, & Sangaiah, 2017); consumers’
motivations assessment (Vafadarnikjoo, Mishra, Govindan, & Chalvatzis, 2018) and many
more. Additionally, neutrosophic set theory is integrated with the MCDM techniques to
improve the effectiveness of the techniques. Neutrosophic numbers have been integrated
with the technique for order preference by similarity to ideal solution (TOPSIS) (Biswas,
Pramanik, & Giri, 2015); decision-making trial and evaluation laboratory (DEMATEL)
(Awang, Ghani, Abdullah, & Ahmad, 2018); analytical hierarchy process (AHP) (Abdel-
Basset et al., 2018) and Delphi (Vafadarnikjoo et al., 2018). These studies show the
effectiveness of the neutrosophic numbers decision-making problem and their potential to
deal with uncertainty. However, the adoption of the neutrosophic set theory is not explored in
the domain of the HSC. Therefore, this study explores the application of neutrosophic
numbers to deal with the risk assessment in the HSC by considering the halal integrity risks.

AGJSR



2.4 Neutrosophic set theory
The neutrosophic set theory was developed by Smarandache (1998); it is a generalisation of
fuzzy set theory (FST) and intuitionistic fuzzy set (IFS) (Smarandache, 1998). The FST and
IFS have only one degree of membership and two degrees of membership respectively while
the neutrosophic set has three degrees of membership (Wang, Smarandache, Zhang, &
Sunderraman, 2010; Salama, Broumi, & Smarandache, 2014). A neutrosophic number is
represented as (TP, IP and FP), where ’TP’ represents the degree of truth, ’IP’ represents the
degree of indeterminacy and “FP’ represents the degree of falsity. The sum of these three
values is not necessarily equal to one, as is the case with probabilities. The values of ’TP’, ’IP’
and ’FP’ can range from 0 to 1, with TPþ IPþ FP <5 1. As a result, the neutrosophic theory
is capable of representing vague or uncertain information more effectively than FST in
practical applications.

3. Proposed framework for the risk assessment of HSC
The risk assessment framework contains the using five steps. The proposed framework is
shown in Figure 1. Further, each step is explained as follows:

Step 1: Risks identification: Several risks associated with the HSCM are identified by
systematic literature reviews, Delphi, Prisma, focus groups, expert input and sometimes
their combination.

Step 2: Experts’ input using neutrosophic number: Experts assign probabilities (P) and
impacts (I) to identified risks based on the linguistic scale as Table 1. The probability and
impact of the linguistic assessment are converted into equivalent SVTNNs.

Step 3: Calculate the severity of the risk: The severity of the risk is the multiplication of the
probability and impact of the risk and is shown as:

S ¼ P⊗ I (1)

Here, the probability and impact are in SVTNN, so these variables are multiplied using the
neutrosophic operations. The resultant severity is determined as per equation (2).

S ¼ ��
P1I1;P2I2;P3I3;P4I4; α~P˄α~I ; θ~P˅θ~I; β~P˅β~I

�
(2)

Step 4:Aggregation of the experts’ risk assessmentsThe severities of the identified risks are
aggregated using the following expression.

Average
�ep1; ep2; . . . ::epn� ¼ 1

n

Xn

i

epi
¼
�
1

n

�es11 þ es21 þ . . .þ esn1
	
;
1

n

�es12 þ es22 þ . . .þ esn2
	
;
1

n

�es13 þ es23 þ . . .þ esn3
	
;

1

n

�es14 þ es24 þ . . .þ esn4
	
; αes1˄αes2˄ . . . ˄αesn ; θes1˅θes2˅ . . . ˅θesn ; βes1˅βes2˅ . . . ˅βesn


 (3)

where, esi1 is the severity (of the first neutrosophic number) of risk provided by the ith expert.

n is the total number of experts.
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Step 5: Prioritisation of risks: Risk severity is represented by the aggregated risk score and
their higher value indicates a greater severity of the associated risk. Based on aggregated
risk score, the identified risks are ranked. The higher risk signifies the high priority of the
risk.

4. Evaluation of the halal-related risks: a case study
A risk assessment problem of the HSC is taken as a case to explain the proposed method. The
ranking of the risk element of halal integrity is determined using the proposed method. We
determine the weight as well as the rank of the identified risk elements using the proposed
framework.

Figure 1.
A proposed framework
for risk assessment
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4.1 Case description
Nowadays, the HSC become global resulting in increased complexities (Ali et al., 2017). There
has been a great deal of outsourcing of raw materials and ingredients to offshore companies.
With such a complex and elongated supply chain, ensuring halal integrity and quality
becomes much more challenging (Ngah et al., 2022). The increased complexity creates a
greater level of uncertainty and risk for halal businesses.

In the global halal business, halal integrity is of strategic importance as it relates to health,
consumer trust and the performance of the company (Khan, Haleem, & Khan, 2020a, b).
Although HSC partners strive to maintain halal integrity, it is vulnerable in many aspects,
including rawmaterials and ingredients, processing, transportation and distribution. In order
to assure the integrity of the halal product, it is necessary to identify these types of risks to
enhance the consumer satisfaction (Khan et al., 2022).

Halal production and the HSC are associated with various types of risks (Hamid and
Rahman, 2022). Some additional risks such as halal integrity-related risks are associated with
HSC in addition to standard supply chain risks (Khan et al., 2020a, b; Handayani, Masudin,
Haris, & Restuputri, 2021). It is important to understand that the risks associated with the
HSC can be categorized as unexpected events that may disrupt the halalness of the product
(Khan et al., 2022). It has been observed that halal risks have occurred throughout the supply
chain, including sourcing, warehousing, production and distribution. This results in the
production of non-halal, low-quality, unhygienic consumables that negatively impact the
brand image and its performance (Tseng et al., 2022). Hence, understanding and managing
the HSC-related risks are of utmost importance in achieving high performance and resilience.
In order to assess the risks, associated with the HSC, the proposed methodology is applied as
follows:

Step 1: Risks identification

A systematic literature review is conducted to identify halal-related risks. Further validation
of these risks is provided by the expert’s opinion. The finalised halal-related risks are
presented in Table 2.

Step 2: Risk assessment through the expert’s input using the neutrosophic number

In this step, experts evaluate each risk element based on the probability of occurrence and
their impact. Two expert panels of five members have been formed to evaluate the risk
element. The first panel consists of three industry professionals who are working in the halal
industry at the management level and two persons working in the halal certification bodies.
The second panel consists of five academic experts, which are working in the area of halal
management. The evaluation of the expert’s panel is obtained through the five-point
linguistic scale and shown in Table 3.

Linguistic term Equivalent SVTNNs

Very low C(0.1, 0.1, 0.1, 0.1); 0.5, 0.3, 0.3D
Low C(0.2, 0.3, 0.4, 0.5); 0.6, 0.2, 0.2D
Fairly low C(0.3, 0.4, 0.5, 0.6); 0.7, 0.1, 0.1D
Medium C(0.4, 0.5, 0.6, 0.7); 0.8, 0.0, 0.1D
Fairly high C(0.5, 0.6, 0.7, 0.8); 0.8, 0.1, 0.1D
High C(0.7, 0.8, 0.9, 1.0); 0.8, 0.2, 0.2D
Very high C(1.0, 1.0, 1.0, 1.0); 0.9, 0.1, 0.1D
Source(s): Authors’ own work

Table 1.
Linguistic values of

SVTNNs for the
linguistic term
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Risk Brief description References

Raw material status The status of primary raw material in
terms of the Halal (i.e. whether the raw
is halal or not)

Khan et al. (2022), Ermis (2017), Ali and
Suleiman (2018)

Raw material
wholesomeness

The uncertainty of raw materials/
ingredients related to purity, hygiene
and quality

Tieman (2017), Ali and Suleiman (2018)

Origins of raw materials Insufficient or unreliable information is
provided about the origin of the raw
material

Khan et al. (2022), Soon, Chandia, and
Regenstein (2017), Ali et al. (2017)

Unlawful ingredients/
emulsifiers for food
preservation

In the case of halal products, the risk of
using unlawful ingredients or
emulsifiers is high

Zailani, Arrifin, Wahid, Othman, and
Fernando (2010), Tan, Ali, Makhbul,
and Ismail (2017)

Processing method risk There is a chance of flaws or
imprecisions in the design of Halal
process methodologies, including
slaughtering and cooking

Tang and Nurmaya Musa (2011),
Giannakis and Papadopoulos (2016),
Fuseini, Knowles, Hadley, and Wotton
(2016)

Packaging process and
materials

Halal products are at risk from
packaging risks, such as the use of non-
halal packaging materials

Tieman (2011), Giannakis and
Papadopoulos (2016)

Centralised storage of
products

Common storage facilities for halal and
non-halal products, such as freezers,
tracks, trolleys and racks

Tieman, van der Vorst, and
CheGhazali (2012), Khan et al. (2018)

Animal welfare risk Cruel treatment of animals for profit
and causing them unnecessary
suffering and pain

Giannakis and Papadopoulos (2016),
Khan et al. (2018)

Common facility for the
non-Halal product

Availability of common facilities for
halal and non-halal products, such as
trolleys, knives, and utensils, are
subject to risks of halal integrity

Tieman (2011), Khan et al. (2022),
Haleem and Khan (2017)

Halal certification Certified from the non-creditable halal
certification bodies/fake logo

Talib, Abu Bakar, and Chin (2016), Ali
and Suleiman (2018)

Contamination within
firm

Halal products and raw materials may
be contaminated with non-Halal
materials, waste, or intoxicants during
their production, internal
transportation, and storage

Khan et al. (2018), Haleem, ImranKhan,
Khan, and Hafaz Ngah (2018)

Contamination in
outsourcing activities

Contamination risk during outsourced
activities such as transportation of
Halal products with non-Halal
materials, wastes, and intoxicants

Ngah, Zainuddin, & Thurasamy
(2014), Haleem and Khan (2017)

Raw materials integrity The rawmaterial integrity is to prevent
the raw material from addition/
substitution/mixing of any substance
that diminishes the Halalness of the
product

Manning and Soon (2014), Khan et al.
(2018)

Process integrity All processes, management systems,
and facilities must be maintained in a
manner that ensures halal compliance

Tan et al. (2017), Haleem et al. (2018)

Information/data
integrity

Integrity in information refers to
providing truthful and honest
information to consumers

Demirci, Soon, and Wallace (2016), Ali
et al. (2017), Fan, Li, Sun, and Cheng
(2017)

People integrity People integrity refers to the honesty
and moral standards that an individual
demonstrates

Christopher and Lee (2004), Ali et al.
(2017)

Source(s): Authors’ own work

Table 2.
Identified risks related
to the halal integrity
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Step 3: Calculate the severity of the risk

The expert’s evaluation in terms of probability and impact of the risk is transformed into a
neutrosophic number using Table 1. Based on the probability and impact, the severity of the
risk element is calculated using Equation 1. For better understanding, the severity (provided
by expert panel 1) of the “raw material status” is calculated as follows:

Probability of risk occurrence ðPÞ ¼ M ðassigned by expert panel 1Þ
Convert linguistic value (in this case “medium: M”) into SVTNN.

P 5 C(0.4, 0.5, 0.6, 0.7); (0.8, 0, 0.1)D

Impact of the risk ðIÞ ¼ H ððassigned by expert panel 1Þ
Convert linguistic value (in this case “High: H”) into SVTNN.

I 5 C(0.7, 0.8, 0.9, 1); (0.8, 0.2, 0.2)D
Using equation (1),

Severity : S ¼ P⊗ I

S ¼ hð0:4; 0:5; 0:6; 0:7Þ; ð 0:8; 0; 0:1Þi ⊗ hð0:7; 0:8; 0:9; 1Þ; ð0:8; 0:2; 0:2Þi
These two SVTNNs are multiplied using neutrosophic operations:

S ¼ hð0:43 0:7; 0:53 0:8; 0:63 0:9; 0:73 1; 0:8˄0:8; 0˅0:2; 0:1˅0:2i
¼ hð0:28; 0:4; 0:54; 0:7Þ ð0:8; 0:2; 0:2Þi

Similarly, for other risks (the remaining fifteen risks), severity is calculated and shown in
Table 4.

Step 4: Aggregation of the experts’ risk assessments

Risk
Industry Expert panel

Academic Expert
panel

Probability Impact Probability Impact

Raw material status M H M VH
Raw material wholesomeness FL VH M H
Origins of raw materials M FH FL H
Unlawful ingredients/emulsifiers for food preservation M FH FL H
Processing method risk FL H FL VH
Packaging process and materials M M FL FH
Centralised storage of products L VH L VH
Animal welfare risk M FL FL M
Common facility for the non-halal product FL M L H
Halal certification FL FL FL FL
Contamination within firm L FH L H
Contamination in outsourcing activities FH L FH L
Raw materials integrity L FH L M
Process integrity FL FL L FH
Information/data integrity L M L M
People integrity FL L FL L

Source(s): Authors’ own work

Table 3.
Halal supply chain risk

assessment using
linguistics scale by the

expert panel

HSC risk
assessment

under
uncertainty



Risk Probability Impact Severity

Risk assessment by industry expert panel
Raw material status C(0.4, 0.5, 0.6, 0.7);

(0.8, 0, 0.1)D
C(0.7, 0.8, 0.9, 1);
(0.8, 0.2, 0.2)D

C(0.28,0.4,0.54,0.7)
(0.8,0.2,0.2)D

Raw material wholesomeness C(0.3, 0.4, 0.5, 0.6);
(0.7, 0.1, 0.1)D

C(1, 1, 1, 1); (0.9, 0.1,
0.1)D

C(0.3, 0.4, 0.5, 0.6); (0.7, 0.1,
0.1)D

Origins of raw materials C(0.4, 0.5, 0.6, 0.7);
(0.8, 0, 0.1)D

C(0.5, 0.6, 0.7, 0.8);
(0.8, 0.1, 0.1)D

C(0.2, 0.3, 0.42, 0.56); (0.8,
0.1, 0.1)D

Unlawful ingredients/emulsifiers
for food preservation

C(0.4, 0.5, 0.6, 0.7; (0.8,
0, 0.1)D

C(0.5, 0.6, 0.7, 0.8);
(0.8, 0.1, 0.1)D

C(0.2, 0.3, 0.42, 0.56); (0.8,
0.1, 0.1)D

Processing method risk C(0.3, 0.4, 0.5, 0.6);
(0.7, 0.1, 0.1)D

C(0.7, 0.8, 0.9, 1);
(0.8, 0.2, 0.2)D

C(0.21, 0.32, 0.45, 0.6); (0.7,
0.2, 0.2)D

Packaging process and materials C(0.4, 0.5, 0.6, 0.7);
(0.8, 0, 0.1)D

C(0.4, 0.5, 0.6, 0.7);
(0.8, 0, 0.1)D

C(0.16, 0.25, 0.36, 0.49); (0.8,
0, 0.1)D

Centralised storage of products C(0.2, 0.3, 0.4, 0.5);
(0.6, 0.2, 0.2)D

C(1, 1, 1, 1); (0.9, 0.1,
0.1)D

C(0.2, 0.3, 0.4, 0.5); (0.6, 0.2,
0.2)D

Animal welfare risk C(0.4, 0.5, 0.6, 0.7; (0.8,
0, 0.1)D

C(0.3, 0.4, 0.5, 0.6);
(0.7, 0.1, 0.1)D

C(0.12, 0.2, 0.3, 0.42); (0.7,
0.1, 0.1)D

Common facility for the non-halal
product

C(0.3, 0.4, 0.5, 0.6);
(0.7, 0.1, 0.1)D

C(0.4, 0.5, 0.6, 0.7);
(0.8, 0, 0.1)D

C(0.12, 0.2, 0.3, 0.42); (0.7,
0.1, 0.1)D

Halal certification C(0.3, 0.4, 0.5, 0.6);
(0.7, 0.1, 0.1)D

C(0.3, 0.4, 0.5, 0.6);
(0.7, 0.1, 0.1)D

C(0.09, 0.16, 0.25, 0.36); (0.7,
0.1, 0.1)D

Contamination within firm C(0.2, 0.3, 0.4, 0.5);
(0.6, 0.2, 0.2)D

C(0.5, 0.6, 0.7, 0.8);
(0.8, 0.1, 0.1)D

C(0.1, 0.18, 0.28, 0.4); (0.6,
0.2, 0.2)D

Contamination in outsourcing
activities

C(0.5, 0.6, 0.7, 0.8);
(0.8, 0.1, 0.1)D

C(0.2, 0.3, 0.4, 0.5);
(0.6, 0.2, 0.2)D

C(0.1, 0.18, 0.28, 0.4); (0.6,
0.2, 0.2)D

Raw materials integrity C(0.2, 0.3, 0.4, 0.5);
(0.6, 0.2, 0.2)D

C(0.5, 0.6, 0.7, 0.8);
(0.8, 0.1, 0.1)D

C(0.1, 0.18, 0.28, 0.4); (0.6,
0.2, 0.2)D

Process integrity C(0.3, 0.4, 0.5, 0.6);
(0.7, 0.1, 0.1)D

C(0.3, 0.4, 0.5, 0.6);
(0.7, 0.1, 0.1)D

C(0.09, 0.16, 0.25, 0.36); (0.7,
0.1, 0.1)D

Information/data integrity C(0.2, 0.3, 0.4, 0.5);
(0.6, 0.2, 0.2)D

C(0.4, 0.5, 0.6, 0.7);
(0.8, 0, 0.1)D

C(0.08, 0.15, 0.24, 0.35); (0.6,
0.2, 0.2)D

People integrity C(0.3, 0.4, 0.5, 0.6);
(0.7, 0.1, 0.1)D

C(0.2, 0.3, 0.4, 0.5);
(0.6, 0.2, 0.2)D

C(0.06, 0.12, 0.2, 0.3); (0.6,
0.2, 0.2)D

Risk assessment by academic expert panel
Raw material status C(0.4, 0.5, 0.6, 0.7);

(0.8, 0, 0.1)D
C(1, 1, 1, 1); (0.9, 0.1,
0.1)D

C(0.4, 0.5, 0.6, 0.7); (0.8, 0.1,
0.1)D

Raw material wholesomeness C(0.4, 0.5, 0.6, 0.7);
(0.8, 0, 0.1)D

C(0.7, 0.8, 0.9, 1);
(0.8, 0.2, 0.2)D

C(0.28, 0.4, 0.54, 0.7); (0.8,
0.2, 0.2)D

Origins of raw materials C(0.3, 0.4, 0.5, 0.6);
(0.7, 0.1, 0.1)D

C(0.7, 0.8, 0.9, 1);
(0.8, 0.2, 0.2)D

C(0.21, 0.32, 0.45, 0.6); (0.7,
0.2, 0.2)D

Unlawful ingredients/emulsifiers
for food preservation

C(0.3, 0.4, 0.5, 0.6);
(0.7, 0.1, 0.1)D

C(0.7, 0.8, 0.9, 1);
(0.8, 0.2, 0.2)D

C(0.21, 0.32, 0.45, 0.6); (0.7,
0.2, 0.2)D

Processing method risk C(0.3, 0.4, 0.5, 0.6);
(0.7, 0.1, 0.1)D

C(1, 1, 1, 1); (0.9, 0.1,
0.1)D

C(0.3, 0.4, 0.5, 0.6); (0.7, 0.1,
0.1)D

Packaging process and materials C(0.3, 0.4, 0.5, 0.6);
(0.7, 0.1, 0.1)D

C(0.5, 0.6, 0.7, 0.8);
(0.8, 0.1, 0.1)D

C(0.15, 0.24, 0.35, 0.48); (0.7,
0.1, 0.1)D

Centralised storage of products C(0.2, 0.3, 0.4, 0.5);
(0.6, 0.2, 0.2)D

C(1, 1, 1, 1); (0.9, 0.1,
0.1)D

C(0.2, 0.3, 0.4, 0.5); (0.6, 0.2,
0.2)D

Animal welfare risk C(0.3, 0.4, 0.5, 0.6);
(0.7, 0.1, 0.1)D

C(0.4, 0.5, 0.6, 0.7);
(0.8, 0, 0.1)D

C(0.12, 0.2, 0.3, 0.42); (0.7,
0.1, 0.1)D

(continued )

Table 4.
Neutrosophic
assessment of halal-
related risks and their
severity (by Industry
expert panel)
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Two individual expert panel evaluations are aggregated based on the neutrosophic operation
using equation (2) and computational procedure to the aggregate severity (for the “raw
material status” risk) as follows:

Aggregated Severity ¼ 1

n

Xn

i

epi
In our case, we have two experts panel, so, n 5 2

eS ¼ 1

2

� e
S
1 þ e

S
2

	

¼ 1

2

�es11 þ es21
	
;
1

2

�es12 þ es22
	
;
1

2

�es13 þ es23
	
;
1

2

�es14 þ es24
	
; αes1˄αes2 ; θes1˅θes2 ; βes1˅βes2




¼ 1

2

�
ð0:28; 0:4; 0:54; 0:7Þ ð0:8; 0:2; 0:2Þ



þ
�
ð0:4; 0:5; 0:6; 0:7Þ; ð0:8; 0:1; 0:1Þ




¼
�

1

2

�
0:28þ 0:4Þ; 1

2
ð0:4þ 0:5Þ; 1

2
ð0:54þ 0:6Þ; 1

2
ð0:7þ 0:7Þ; 0:8˄0:8; 0:2˅0:1; 0:2˅0:1




¼ hð0:34; 0:45; 0:57; 0:7Þ; ð0:8; 0:2; 0:2Þi
The aggregated severity which is in the SVTNN is converted into a crisp number using
equation 11 and shown for the “raw material status” risk score as follows:

risk score ð eSÞ ¼ 1

12
ð0:34þ 0:45þ 0:57þ 0:7Þð2þ 0:8� 0:2� 0:2Þ ¼ 0:412

¼ 0:412

The risk score for the other identified risk is calculated and provided in Table 5.

Risk Probability Impact Severity

Common facility for the non-Halal
product

C(0.2, 0.3, 0.4, 0.5);
(0.6, 0.2, 0.2)D

C(0.7, 0.8, 0.9, 1);
(0.8, 0.2, 0.2)D

C(0.14, 0.24, 0.36, 0.5); (0.6,
0.2, 0.2)D

Halal certification C(0.3, 0.4, 0.5, 0.6);
(0.7, 0.1, 0.1)D

C(0.3, 0.4, 0.5, 0.6);
(0.7, 0.1, 0.1)D

C(0.09, 0.16, 0.25, 0.36); (0.7,
0.1, 0.1)D

Contamination within firm C(0.2, 0.3, 0.4, 0.5);
(0.6, 0.2, 0.2)D

C(0.7, 0.8, 0.9, 1);
(0.8, 0.2, 0.2)D

C(0.14, 0.24, 0.36, 0.5); (0.6,
0.2, 0.2)D

Contamination in outsourcing
activities

C(0.5, 0.6, 0.7, 0.8);
(0.8, 0.1, 0.1)D

C(0.2, 0.3, 0.4, 0.5);
(0.6, 0.2, 0.2)D

C(0.1, 0.18, 0.28, 0.4); (0.6,
0.2, 0.2)D

Raw materials integrity C(0.2, 0.3, 0.4, 0.5);
(0.6, 0.2, 0.2)D

C(0.4, 0.5, 0.6, 0.7);
(0.8, 0, 0.1)D

C(0.08, 0.15, 0.24, 0.35); (0.6,
0.2, 0.2)D

Process integrity C(0.2, 0.3, 0.4, 0.5);
(0.6, 0.2, 0.2)D

C(0.5, 0.6, 0.7, 0.8);
(0.8, 0.1, 0.1)D

C(0.1, 0.18, 0.28, 0.4); (0.6,
0.2, 0.2)D

Information/data integrity C(0.2, 0.3, 0.4, 0.5);
(0.6, 0.2, 0.2)D

C(0.4, 0.5, 0.6, 0.7);
(0.8, 0, 0.1)D

C(0.08, 0.15, 0.24, 0.35); (0.6,
0.2, 0.2)D

People integrity C(0.3, 0.4, 0.5, 0.6);
(0.7, 0.1, 0.1)D

C(0.2, 0.3, 0.4, 0.5);
(0.6, 0.2, 0.2)D

C(0.06, 0.12, 0.2, 0.3); (0.6,
0.2, 0.2)D

Source(s): Authors’ own work Table 4.

HSC risk
assessment

under
uncertainty



Risk
Severity (industry
Expert panel)

Severity
(academic
Expert panel)

Aggregated
severity

Aggregated
risk score Rank

Raw material Status C(0.28,0.4,0.54,0.7)
(0.8,0.2,0.2)D

C(0.4, 0.5, 0.6,
0.7); (0.8, 0.1,
0.1)D

C(0.34, 0.45, 0.57,
0.7); (0.8, 0.2, 0.2)D

0.412 1

Raw material
wholesomeness

C(0.3, 0.4, 0.5, 0.6);
(0.7, 0.1, 0.1)D

C(0.28, 0.4,
0.54, 0.7); (0.8,
0.2, 0.2)D

C(0.29, 0.4, 0.52,
0.65); (0.7, 0.2,
0.2)D

0.357 2

Origins of raw
materials

C(0.2, 0.3, 0.42, 0.56);
(0.8, 0.1, 0.1)D

C(0.21, 0.32,
0.45, 0.6); (0.7,
0.2, 0.2)D

C(0.21, 0.31, 0.44,
0.58); (0.7, 0.2,
0.2)D

0.293 4

Unlawful
ingredients/
emulsifiers for food
preservation

C(0.2, 0.3, 0.42, 0.56);
(0.8, 0.1, 0.1)D

C(0.21, 0.32,
0.45, 0.6); (0.7,
0.2, 0.2)D

C(0.21, 0.31, 0.44,
0.58); (0.7, 0.2,
0.2)D

0.293 5

Processing method
risk

C(0.21, 0.32, 0.45, 0.6);
(0.7, 0.2, 0.2)D

C(0.3, 0.4, 0.5,
0.6); (0.7, 0.1,
0.1)D

C(0.255, 0.36,
0.475, 0.6); (0.7,
0.2, 0.2)D

0.324 3

Packaging process
and materials

C(0.16, 0.25, 0.36,
0.49); (0.8, 0, 0.1)D

C(0.15, 0.24,
0.35, 0.48); (0.7,
0.1, 0.1)D

C(0.155, 0.245,
0.355, 0.485); (0.7,
0.1, 0.1)D

0.258 6

Centralised storage of
products

C(0.2, 0.3, 0.4, 0.5);
(0.6, 0.2, 0.2)D

C(0.2, 0.3, 0.4,
0.5); (0.6, 0.2,
0.2)D

C(0.2, 0.3, 0.4, 0.5);
(0.6, 0.2, 0.2)D

0.257 7

Animal welfare risk C(0.12, 0.2, 0.3, 0.42);
(0.7, 0.1, 0.1)D

C(0.12, 0.2, 0.3,
0.42); (0.7, 0.1,
0.1)D

C(0.12, 0.2, 0.3,
0.42); (0.7, 0.1,
0.1)D

0.217 8

Common facility for
the non-halal product

C(0.12, 0.2, 0.3, 0.42);
(0.7, 0.1, 0.1)D

C(0.14, 0.24,
0.36, 0.5); (0.6,
0.2, 0.2)D

C(0.13, 0.22, 0.33,
0.46); (0.6, 0.2,
0.2)D

0.209 9

Halal certification C(0.09, 0.16, 0.25,
0.36); (0.7, 0.1, 0.1)D

C(0.09, 0.16,
0.25, 0.36); (0.7,
0.1, 0.1)D

C(0.09, 0.16, 0.25,
0.36); (0.7, 0.1,
0.1)D

0.179 11

Contaminationwithin
firm

C(0.1, 0.18, 0.28, 0.4);
(0.6, 0.2, 0.2)D

C(0.14, 0.24,
0.36, 0.5); (0.6,
0.2, 0.2)D

C(0.12, 0.21, 0.32,
0.45); (0.6, 0.2,
0.2)D

0.202 10

Contamination in
outsourcing activities

C(0.1, 0.18, 0.28, 0.4);
(0.6, 0.2, 0.2)D

C(0.1, 0.18,
0.28, 0.4); (0.6,
0.2, 0.2)D

C(0.1, 0.18, 0.28,
0.4); (0.6, 0.2, 0.2)D

0.176 12

Raw materials
integrity

C(0.1, 0.18, 0.28, 0.4);
(0.6, 0.2, 0.2)D

C(0.08, 0.15,
0.24, 0.35); (0.6,
0.2, 0.2)D

C(0.09, 0.165,
0.26, 0.375); (0.6,
0.2, 0.2)D

0.163 14

Process integrity C(0.09, 0.16, 0.25,
0.36); (0.7, 0.1, 0.1)D

C(0.1, 0.18,
0.28, 0.4); (0.6,
0.2, 0.2)D

C(0.095, 0.17,
0.265, 0.38); (0.6,
0.2, 0.2)D

0.167 13

Information/data
integrity

C(0.08, 0.15, 0.24,
0.35); (0.6, 0.2, 0.2)D

C(0.08, 0.15,
0.24, 0.35); (0.6,
0.2, 0.2)D

C(0.08, 0.15, 0.24,
0.35); (0.6, 0.2,
0.2)D

0.150 15

People integrity C(0.06, 0.12, 0.2, 0.3);
(0.6, 0.2, 0.2)D

C(0.06, 0.12,
0.2, 0.3); (0.6,
0.2, 0.2)D

C(0.06, 0.12, 0.2,
0.3); (0.6, 0.2, 0.2)D

0.125 16

Source(s): Authors’ own work

Table 5.
Risk scores of halal-
related risks
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Step 5: Prioritisation of risks

In this step, the risk is prioritised on the basis of the risk score. The higher rank is provided to
that riskwhich has the highest risk score. The ranking of the risk element is shown in Table 5.

5. Results and discussions
The proposedmethod is successfully applied to evaluate the risk of halal integrity. The ranking
of identified risks corresponds to their risk score which denotes the degree of interruption
towards maintaining the halal integrity. Based on the risk score, “rawmaterial status” risk has
the first rankwith a risk score of 0.412. The halalness of the product verymuch depends on the
status (i.e. halal or non-halal) of its raw material/ingredient, and the impact of the raw material
status is very high in the context of halal integrity. As a result, it is imperative to ensure that all
the ingredients in the product are in good condition and halal (Rishelin and Ardi, 2020). The
second rank risk is “raw material wholesomeness”, which is associated with the material used.
The rawmaterial should havewholesome alongwith the halal. Khan et al. (2022) also found that
thewholesomeness of the rawmaterial is one of themajor risks ofHSC.Tomitigate this risk the
halal industry should select credible suppliers which provide better-quality products. Apart
from this, the companies should provide a supplier development program to maintain the
wholesomeness of the product. The next risk in the “processing method” has a risk score of
0.324. Through the improvement of processes and processing methods, the firm can mitigate
such risks. Khan et al. (2022) also found that the processingmethod is one of the significant risks
in the HSC. Furthermore, the next risk “origin of the raw material” needs to be addressed. This
risk can be mitigated through the implementation of the traceability system in the HSC. The
traceability system provides all the information regarding the raw material origin and its
processing method. In order to provide a robust traceability system, blockchain technologies
can be used (Tan, Gligor, & Ngah, 2020).

The use of “unlawful ingredients/emulsifiers for food preservation” is also a threat to halal
integrity. This risk can be handled using the halal ingredient/emulsifier which is assessed
and certified by a credible certification body. The “packaging process and materials” is the
next priority risk. There is a high chance to use non-halal material for packaging purposes.
This risk can be mitigated through the process design for packaging and the use of halal
packaged material instead of non-halal packaging materials. In addition to this, there is
proper segregation between halal and non-halal products. The next risk in this row is the risk
of animal welfare risk. The animal treatment is humanised during husbandry, transportation
and processing.

Previous literature also reveals that some firms use the common facility for halal and non-
halal products. Tomitigate this risk, proper ritual cleaning should be done before production.
Further, the “contamination within the firm” has the next rank with a risk score of 0.202. To
mitigate this risk, proper segregation in the production, transportation and storage of halal
and non-halal products. This can be accomplished by segregating the production equipment
(such as knives and utensils), internal transportation infrastructure (trollies) and storage
infrastructure (rakes, containers) for the halal and non-halal products. In addition, proper
cleaning is also recommended before the use of the production equipment and supporting
mechanism. The next risk is the halal certification-related risk such as acceptance of the non-
creditable halal certification bodies/fake logo. This risk can be minimised by taking the
initiative to develop a globally accepted halal certification/harmonised halal certification
system. Halal producers need to use a halal-certified transportation system that is dedicated
only to transporting halal products. In case of unavailability of the halal-certified
transportation system, the product should be packed in such a way contamination is not
permissible.

HSC risk
assessment

under
uncertainty



Additionally, “process integrity” is with a risk score of 0.167. To maintain process
integrity, the process needs to be designed and operated according to the standards of
credible certification systems. Next in this row is “raw materials integrity” risk with a risk
score is 0.165. The selection of a credible supplier and supply chain partner maintains the
integrity of raw materials (Handayani et al., 2021). The raw material integrity can be the
“information/data integrity” is another riskwith a risk score of 0.150. An effective traceability
system maintains information integrity throughout the HSC by providing credible
information to the stakeholders (Alamsyah, Hakim, & Hendayani, 2022). Finally, the
lowest priority risk among the identified risks is “people integrity”which can be addressed by
developing honest and responsible people.

6. Implications of the research
This study presents a novel risk assessment method using the neutrosophic theory to
overcome the limitations of the conventional method by introducing the concept of
neutrosophic numbers. The neutrosophic number effectively addresses the issue of linguistic
subjectivity, inconsistent information and uncertainty in the expert’s opinion. As the risks are
highly uncertain, the neutrosophic number is used for dealing with the present uncertainty in
the expert’s opinion. This method can be applied to individual as well as group decision-
making for risk assessment for the supply chain. This method is utilised for other risk
assessments such as supply chain risks, sustainability-related risks and green supply chain
risks etc. In addition to this, this also helps themanagers to assess the risk in the HSC and take
the appropriate action. The proposed risk assessment framework is generic for different
HSCs such as halal food supply chain, halal cosmetic supply chain and halal pharmaceutical
supply chain.

This study has a certain implication for the HSC in addition to the methodological
contribution. The risk regarding the “halal integrity” is identified which can be utilised for
risk management in the HSC. Further, through the application of the proposed risk
assessment method, risks are prioritised according to their risk score. High-priority risks are
needed to be mitigated first with an effective mitigation strategy. In addition, the insight into
the prioritisation of the risk provided by this study helps the managers/policy planner to
develop the appropriate strategies/policies regarding minimising the risk across the supply
chain and assure halal integrity.

7. Conclusion, limitation and future scope
In this study, a novel method for risk assessment is proposed using the neutrosophic theory.
This study effectively uses the SVTNNs to convert the linguistic assessment of the expert
under an uncertain environment. A case study of the HSC is undertaken to illustrate the
adoptedmethodology. The literature review identified sixteen risk elements of halal integrity
that were further validated by the expert panel. A linguistic value of risk is used by the two
expert panels to evaluate the probability of occurrence of these risks and their impact. These
linguistic values are converted into an SVTNN. Further, the severity of each risk is
determined using neutrosophic operations. Finally, the risk score of the finalised risks
elements is calculated and risk elements are prioritised as per their risk score. This study
reveals that raw materials-related risks are high priority such as “raw material status”, “raw
material wholesomeness” and “origin of raw material” while the people “information
integrity” and “people integrity” are low priority risks.

Risk assessment in HSCs can be effectively achieved using the proposed method. The
advantage of this method is to capture real-life situations by introducing neutrosophic
numbers. This method can be used to assess the risk in sustainability, green practices and
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HSC. This study used the trapezoidal neutrosophic number to convert the linguistic scale,
while the triangular neutrosophic number can be used in future studies. The interval type
neutrosophic number can also be utilised to assess the risk in various domains. Additionally,
this method can be extended to other riskmeasurement domains such as risk priority umbers
(RPN) and knowledge-based risk models.
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