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ABSTRACT

In recent years, research on halal supply chains resilience (HSCRES) has been growing to deal with the
vulnerabilities caused by halal risks that disrupt global halal supply chains. However, empirical studies
in this field have been hindered by the lack of identifying halal capabilities that represent the strength
of HSCRES. This study aimed to determine and prioritize halal resilience capability. In the first step,
extant literature is reviewed to identify capability factors in the context of the halal supply chain. In the
second step, the fuzzy analytical hierarchy process (FAHP) approach was used to rank the halal
capability indicators. The results of this study indicate that halal integrity is the most important
capability factor in enhancing a resilient halal supply chain. The results also reveal that mandatory
regulation is the most significant indicator in HSCRES, followed by halal teams, official halal logos,
internal halal audits, and communication channels. This finding offers stakeholder recommendations on
which capabilities should be prioritized to reduce the impact of halal risks that disrupt supply chains’

resilience.
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1. Introduction
In recent decades, the demand for halal food has
changed significantly owing to an increase in the
world's Muslim population. The industry must
meet the needs of Muslim consumers to guarantee
that the product is unquestionably halal [1]. In
other words, the supply chain should be managed
to provide halal food not only based on the quality
of the ingredients, but also throughout the
production system, from the source to the end
consumers [2]. Since many actors are involved in
the halal supply chain and may have different
objectives and concerns, the supply chain is
vulnerable to potential disruptions that cause halal
risks [3]. According to [4] a resilient supply chain
is one of the weapons used to handle risks and gain
a sustainable competitive advantage from
disruptive events. Resilience is an important factor
in the competitiveness of halal supply chain
performance and company credibility. Halal
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resilience is important to ensure the integrity of
halal products. A lack of resilience can result in a
loss of consumer trust and reputation damage [5].
Therefore, halal supply chain resilience must be
analyzed to achieve a competitive halal supply
chain.

In the literature, the issue of resilience in halal
supply chains has been discussed in some aspects
[5]-[8]. For instance, [5] suggested successful
supply chain risk management, including
prevention, mitigation, and recovery processes, to
ensure HSC resilience. [7] stated that consumers’
halal awareness and comprehension of the halal
management concept increased HSCRES. On the
other hand, many studies endeavors within the
halal supply chain area focus on the identification
and prioritization of halal risk factors [9]-[13].
Although previous literature findings could
provide some insight into the resilience of halal
supply chains, their scope is limited.
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First, there is a lack of studies that identify the
capability factors related to HSCRES. The halal
capability factors must be determined to
understand the supply chain’s ability to comply
with halal regulations and standards. The
identification of halal risks aids the supply chain
in identifying potential vulnerabilities and areas
for improvement [5]. However, the identified
capabilities will enhance the comprehension of the
strengths and weaknesses of the supply chain,
thereby enabling the determination of its position.
Second, most previous studies have focused on
prioritizing halal risks [14]. Compared with
previous studies that revealed prioritized halal
risks to be coped with, presently, no study
examined which halal capability elements should
be developed urgently. Prioritizing capability is
important for identifying the elements of
capability that require ranking for development,
with the aim of reducing vulnerability and
increasing resilience [15]. Hence, it is important to
prioritize halal capability factors to enhance
HSCRES.

Motivated by the research gaps identified earlier,
this study focuses on the following questions:

(1) What are the resilience capability factors
and corresponding indicators that enhance
the resilience of the halal supply chain?

(2) How can the quantitative assessment of
halal capabilities be determined to
indicate improvement priorities?

Thus, to address the research questions, this study
aims to identify the halal resilience capability
factors and related indicators, and prioritize the
capability indicators that are important in
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enhancing halal supply chain resilience. A fuzzy
analytical hierarchy process (FAHP) was adopted
to accomplish this purpose. The Analytic
Hierarchy Process (AHP) was selected based on
its easy-to-use nature and compatibility for
prioritizing items involving multiple criteria
situations [16]. Furthermore, the fuzzy approach is
combined with the traditional AHP to handle the
uncertainty and imprecision related to expert
judgement [17]. The findings of this study may
assist stakeholders, including management and
regulators, in prioritizing important strategies to
enhance HSCRES by improving related
capabilities.

2. Literature Review

2.1. Capability of halal supply chain
resilience

Over the last few years, researchers have begun to
focus on developing an understanding of halal
supply chain resilience [5], [7], [18]. However,
halal resilience analysis still primarily focuses on
identifying halal risks that cause supply chain
vulnerabilities. To the best of our knowledge, no
published literature has identified and evaluated
the capabilities needed to support resilient halal
supply chains. In this study, halal capabilities were
derived using two approaches. First, the
capabilities of conventional supply chain
resilience were adapted for application in the halal
supply chain. Second, capabilities are often
revealed and utilized to evaluate HSC
performance. Figure 1 shows the distribution of
capabilities often considered in traditional supply
chain resilience.
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Fig. 1. Resilience Capability in Literature

There is no agreement among the 20 SCRES
capability variables regarding which capabilities
are essential to support SCRES. This study
includes the top five capabilities recommended by
previous studies: flexibility, collaboration,
visibility, agility, and redundancy.

Flexibility

Flexibility is related to the ability to adapt to risks
by developing alternatives, such as flexible
transportation  systems, flexible production
systems, flexible employee work arrangements,
and the ease of changing suppliers [19]. However,
some studies suggest redundancy capabilities to
support the resilience of the supply chain.
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Redundancy is the capacity to construct additional
assets that may be deployed in the event of risk.
Although both capabilities are needed to support
SCRES, flexibility and redundancy are
diametrically opposed. Flexibility leads to
efficiency, whereas redundancy increases costs. In
the context of halal supply chains, flexibility is
considered more beneficial than redundancy for
several reasons. First, according to [20], flexibility
is essential and beneficial for dealing with internal
supply chain risks. Second, the Halal supply chain
is a system that is more vulnerable to risks
resulting from within than from external sources
[12], [14]. Consequently, anticipating and
mitigating halal risks benefits supply chain entities
in their daily operations more than long-term
objectives. Because the halal supply chain has
characteristics  that  correspond to  the
aforementioned conditions, flexibility is selected
over redundancy as the capability to be improved
to develop halal supply chain resilience.

Collaboration

Research of [21] define collaboration as the ability
to work effectively with other entities for mutual
benefit. Collaboration is important for identifying
and mitigating risk. According to [22]
collaboration between entities improves supply
chain optimization and increases customer trust in
halal-certified products. The efficacy of
collaboration in HSC can be manifested in the
form of trust in the sharing of halal knowledge,
necessitating  the use  of  transparent
communication channels that provide accessibility
and facilitate halal traceability for each
participating entity. Effective collaboration among
suppliers, manufacturers,  distributors, and
consumers enables decision synchronization,
which contributes to risk reduction in HSC
management.

Visibility

Visibility is an important capability for identifying
possible risks by obtaining a comprehensive view
of the supply chain [23]. Research of [19]
proposed the implementation of information
technology and situational awareness as key
indicators of transparency for increasing visibility.
Visibility can be utilized to anticipate halal-related
risks, such as contamination of non-halal
components, thus allocating an adequate interval
in which to devise strategies to counteract
potential failures.

Agility

If flexibility is related to the ability to choose
between alternatives, agility is related to how
quickly these alternatives are used to recover from
the risk of failure [24]. Most literature defines
agility as the ability to respond quickly to
unexpected risks in demand and supply [23].
Although some researchers argue that visibility is
a component of agility [25], however [26] state
that agility is an important capability in the
recovery phase, whereas visibility is important in
the readiness phase. Thus, in this study, agility
and visibility are considered distinct capabilities.
Because agility is closely related to recovery speed
[5] believed that it is essential for the HSC to
restore its reputation after the occurrence of a risk
of failure. Thus, HSC require agility while
maintaining operational efficiency to stay
competitive in the halal industry.

A second source of identification of HSCRES
capabilities is the capability commonly found in
HSC literature. Although it did not explicitly refer
to the HSCRES capability, a literature study on
HSC halal integrity was directly related to
anticipating risks while maintaining HSC
performance when risk failure occurs. Thus, this
study considered halal integrity as an HSCRES
capability. According to [27], halal integrity
implies that the product is halal from the source to
the end of the consumer, free of any activities or
procedures that could jeopardize the halal status.
In HSC, dedicated halal assets are critical, and
complete segregation throughout the supply chain
improves halal integrity [28]. Halal integrity also
requires a sincere commitment to halal policies by
halal food companies to protect halal integrity
throughout the supply chain. Management
commitment involves initiatives to maintain
competent employees, construct a halal team, and
retain internal audits. Dedicated employees are
needed to ensure that halal products are produced
using knowledge and skills [29]. A dedicated team
to handle halal products would reduce the
possibility of cross-contamination to a minimum,
and thus aid in protecting halal integrity [27]. An
internal audit guarantees the sustainability of
endeavors to uphold the halal status of a product.
Finally, regulator commitment must be parallel to
management commitment because these two
factors are important in the design, execution, and
maintenance of halal integrity.

Based on the literature review above, in this study,
halal capability was categorized into five major
categories: flexibility, collaboration, visibility,
agility, and halal integrity. Along with their
indicators, the finalized identified halal capability
is shown in Table 1.
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Tab. 1. Halal capability
Capability factors Indicators Code References
Flexibility Supplier flexibility F1 [30]-[33]
Halal technology flexibility F2 [34]-[36]
Halal transportation F3 [36]-[39]
flexibility
Collaboration Communication channel C1 [21], [40], [41]
Halal knowledge sharing C2 [4], [42]-[44]
Consumer-supplier relation C3 [45]-[47]
Official halal logo C4 [48], [49]
Halal traceability C5 [5], [50]
Visibility Forecasting accuracy V1 [51]-153]
Identification halal risk V2 [5], [19], [54]
Early warning system V3 [24], [26], [59]
Agility Non-halal handling Al [56]-[58]
Fast re-routing A2 [59], [60]
Speed recovery A3 [61], [62]
Halal integrity Employee competency H1 [63]-[65]
sustainability
Dedicated halal facility H2 [14], [66]
Halal team H3 [64], [67], [68]
Internal halal audit H4 [5], [69]-[71]
Halal regulation H5 [72], [73]

The halal capability indicators were then validated
using the CFA method. A closed questionnaire
comprising 19 indicators was distributed to
respondents. The first reliability test was
conducted on 30 respondents by calculating
Cronbach’s alpha value. Using SPSS 21 software,
Cronbach’s alpha value for all capability items is
0.959. These values were above the acceptable
level of 0.6, so all the capability items were
reliable and worthy of the CFA. The questionnaire

was distributed to 145 respondents. A total of 140
responses were completed (96% response rate).
Using the ten-time formula, the minimum sample
size required is 70. However, the total number of
samples taken was 140, so it can be said that this
amount of data is enough to move forward. Kaiser-
Meyer-Olkin (KMO) and Bartlett's tests were used
to determine the feasibility of all indicators as
shown in Table 2.

Tab. 2. KMO and bartlett's test

Kaiser-Meyer-Olkin Measure of Sampling Adequacy. .814

Bartlett's Test of Sphericity

Approx. Chi-Square 1.854E3
df

171
.000

2.2. Implementation of fuzzy AHP in
supply chain

AHP was initially introduced by [74] and has since
become a popular numerical technique of Multi
Criteria Decision Making (MCDM) for ranking
and prioritizing factors. Research of [75]
highlighted the advantage of AHP as an easy-to-
use technique for simultaneously assessing
multiple criteria. Many criteria can be formalized
through a hierarchical structure, resulting in more
accurate decisions. It is also stated that AHP item
comparison can be performed individually or in an
iterative process by a team, with consistent
decision judgements confirmed by the consistency
measurement process. Under this dominance,
AHP methodology has been widely employed by

various researchers both in traditional and halal
supply chain area to address various multi criteria
decision problems [76], [77]. Accroding to [78],
the application of AHP approach has several
advantages. For example, it is a more systematic
procedure than the other MCDM methods, and it
is better at capturing a human's appraisal of
ambiguity when dealing with complicated multi-
criteria decision-making problems.

However, the use of AHP can often be limited
due to factors such as its lack of ability to
accommodate ambiguity and subjective human
judgement in an uncertain environment.
Therefore, the fuzzy AHP approach has been
suggested to address the aforementioned
limitations [78]. In short, the approach provides a
means to deal with the inherent uncertainty and
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ambiguity of human decision-making practice and
allows decision-makers to understand decision
problems by providing the required flexibility and
robustness in decision-making [79]. Recently, this
fuzzy AHP approach has been applied in a variety
of research in the area of supply chains for
multiple purposes, such as prioritizing SC risks
[17], supplier selection [77], and enabler
assessment [80], etc. Despite its limited

application, fuzzy AHP has been utilized in the
context of halal supply chain management. For
instance, [9] used fuzzy AHP to prioritize halal
risks, while [81] implemented fuzzy AHP to
measure the resilience of the pharmaceutical
industry. Table 2 presents examples of fuzzy AHP
implementation in several supply chain decision-
making areas.

Tab. 2. Literatures used fuzzy AHP approach in supply chain area

Authors Technique Focus area Application
(year)
[82] Fuzzy AHP Supply partner selection Humanitarian supply chain
[79] Fuzzy AHP Risk assessment of implementing Fashion supply chain
green
[83] Fuzzy AHP Supply chain risk assessment A high-end server manufacturing
environment
[17] Fuzzy AHP Risk analysis green supply chain
[84] Fuzzy AHP Performance measures Healthcare supply chain
[85] Fuzzy AHP Indicators in improving supply chain  Manufacturing companies
performance
[86] Fuzzy AHP Order allocation among suppliers Automobile company
[87] Fuzzy AHP Information technology barriers Sugar supply chain
[9] Fuzzy AHP Halal risks Halal food supply chain
[80] Fuzzy AHP Enablers of sustainable supply chain Manufacturing companies
innovation
[88] Fuzzy AHP Inter relationships among the circular Automotive plastic industry
supply chain barriers
3. Method and consistency ratio (CR) are formulated as

In this study, the relative importance of HSCRES
capability was evaluated using a two-phase
methodology. In the first phase, the capability
elements were identified using a systematic
literature review. In the second step, the capability
elements were evaluated and ranked using the
fuzzy AHP approach. The proposed research
design is illustrated in Figure 2.

Fuzzy AHP
Consistency in the AHP model is the first issue
that must be measured. The consistency index (CI)

follows:

¢l = Gmax~™ ang cr = &
(n-1) RI

1)
where A4, 1S the largest eigenvalue of the
comparison matrix, n is the number of compared
items, and RI is the random AHP index. Expert
judgements can be accepted if the consistency
ratio is less than 0.1; otherwise, the experts have
to establish the pairwise comparison judgement
again [74].
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Literature Survey H Identifying halal capability factors and indicaters

[Developing the halal capability hierarchical structure

‘ Collecting data pairwise comparison Experts Opinion

Individual expert
judgements

‘ Ivleasuring corresponding A for each expert ‘

Yes

Triangular fuzzy
numbers

Constructing fuzzy matrix ‘

. Calculating preference weights and prieritizing
Chang’s method H halal capability in HSCRES

Fig. 2. Stages of conducting a case study

In this study, the extent analysis of the fuzzy AHP
of [89] was adopted to calculate the importance
weight of each capability indicator. Let the X =
{x1,%5,...,x,} be the criterion set and Y =
{y1,y2, ..., yo} be the goal set; then, according to
Chang’s method, each criterion is considered and
an extent analysis is performed for each goal of y;.
The extent value of each criterion set (m;) can then
be obtained as follows:

Mo MG e i = 12, @
where all the mg; is the triangular fuzzy number
(TFNs), as presented in Table 3. Furthermore, the
outlines of the fuzzy AHP procedures can be
summarized as follows:

Step 1: The value of fuzzy synthetic (S;) relating
to the it criterion is formulated as:

S; = ;n=1MJ [ 12m M]]l

3)

To obtain Y72, Mél, an additional fuzzy operation

of m values is performed using the following
formula:

MJ _(Z ijr D=1 Mij » 2= luu)

, (4)
And to results [ =1 X1 Méi] the additional
fuzzy operation of Ng’i(j =1,2,..,n) values are
performed using the formula:

n m Jj —_ \yn n n
i1 2= Mgy = Xitg by, it muj ) Ximq Wij

5)
Then, the vector invers is obtained using the
formula:

. 1—1
n ym J _ 1 1 1 m. L
[ i=12j=1 Mgi] = ( ST 111) where Yu;, m;,l; > 0 (6)

Finally, the value of S; is obtained using the multiplication formula as follows:

. . 1—1
Si= YR M@ [T, s M| =B L @

—1li, ) Lim Q@ Xi- 1mu21 1Y ® Xiz1 U (7

Tab. 3. TFN scale of linguistic variables

Linguistic variables

Fuzzy triangular numbers

(TENSs)

Equal

Very Low
Low
Moderate
High

Very Strong
Extreme

,1,1)
1,2,3)
(2,3, 4)
(3,4,5)
(4,5,6)
(,6,7)
(7,8,9)
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Step 2, the degree of possibility of M, =
(lz,mz,uz) = Ml = (ll,ml,ul) |S formulated as:

V(My = M) = supysy[min (uM;(y))]
(8)

Which is equivalently composed as follows:
V(S, 2 8;) = hgt(M; N My) = uM,(d) =

M

1

Lo ifmyzmy)
[ if (4 2112) ©)
(mp—1,)—(m,—1,)’ Otherwise

where d is the ordinate of the highest intersection
value between um, and um,. Figure 3 shows
point P. Therefore, to compare m; and m,, both
values of V(m; >m,) and V(m, >m) are
needed.

h my

b d

>

up M u M

Fig. 3. The degree of possibility of M1> M

Step 3: The degree of possibility for a convex fuzzy number to be greater than k convex fuzzy numbers M;

fori = (1,2, ..., k) is formulated as:

V(M = My, My, ...,M) =V[M = M,) and (M > M,) and ...and (M = M| = minV(M > M;) fori

=1,2,..,k
(10)
Step 4: the normalized weight vectors are formulated as follows:
W = (minV($; = S ) minV(S; = Si), ..., minV(S, = S)7 fork=1,2,..,n (11)

4. Result
4.1. Develop the hierarchical structure
The HSCRES capability elements were identified

through the literature review and categorized into
five factors and 19 indicators (see Table 1). A
graphical representation of the HSCRES
capability hierarchy is shown in Figure 4.

| Prioritizing HSCRES Capability |

Agility

Flexibility |

Visibm*tegrity |
>[or ] ]
> ] [ ]
> ] ol ]

Fig. 4. The fuzzy AHP hierarchical structure of HSCRES capability

4.2. Development of fuzzy AHP pairwise
comparison matrix

A fuzzy AHP comparison matrix was developed
using the experts’ linguistic scale pairwise
assessment (see Table 3). A set of pairwise
guestionnaires was distributed to ten experts and
their opinions were accommodated by comparing
capability factors and capability indicators on a

factor. The experts represented the halal food
supply chain entities: halal auditors, academicians,
professionals involved with halal food-producing
and distributing firms in Indonesia, and the

market. The halal auditor was from The
Assessment Institute for Foods, Drugs, and
Cosmetics, Indonesian Council of Ulama

(LPPOM MUI). Academician was a researcher
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with over 5 years of experience in the halal SC
area. Production was manager of a halal food
company with halal understanding and more than

sellers with more than 5 years of experience. The
market consisted of consumers of halal food with
halal knowledge. Detailed information about the

2 years of experience. Distributors were halal-food

Tab. 4. Description of the expert

Entities Gender  Age Experience
Halal auditor F 48 20
Academician L 33 10
Production 1 L 21 3
Production 2 L 39 15
Distributor 1 F 46 20
Distributor 2 F 53 25
Distributor 3 L 28 2
Consumer 1 F 52 32
Consumer 2 F 40 20
Consumer 3 L 44 24

experts is presented in Table 4.

The questionnaire required experts to compare the

level of importance among the capability elements
in crisp expressions. The experts’ assessments
were finalized using the geometric mean formula,

and TFNs were used to transform the experts’
crisp assessment into a fuzzy pairwise comparison
matrix. Table 5 shows an example of a fuzzy AHP
pairwise comparison matrix for capability factors.

Tab 4. Pairwise Comparison of the five HSCRES Capability Factors

Visibility Collaboration Halal Integrity Flexibility Agility
Visibility (1,1,1) (0.25, 0.33, 0.5) (0.14, 0.17,0.2) (0.25,0.33, 0.5) (0.25,0.33,0.5)
Collaboration (2.3, 4) (1.1,1) (0.17, 0.2, 0.25) (0.33,0.5,1) (0.33,0.5.1)
Halal Integrity (5.6,7) (4.5.6) (1.1, 1) 4.5.6) (3.4.5)
Flexibility (2.3.4) (1.2,3) (0.17,0.2,0.25) (1,1,1) (1,2,3)
Agility (2.3.4) (1.2, 3) (0.2, 0.25.0.33) (0.33,0.5.1) (1.1, 1)

4.3. Calculation of the HCRES capability

weight

The preferred weights for

each HSCRES

capability factor and associate indicator were
calculated using Chang’s extent analysis method,

which is expressed in Formula 2-9. The weight
calculation of the HSCRES main capability factors
was detailed to illustrate the application of
Chang’s method in this study. Using Equation (2-
6), the fuzzy synthetic extent value (S) for each
capability factor is calculated as follows:

Sy = (0.29,0.36,0.47) ® (5.16,6.77,8.51)~ = (0.03, 0.05,0.09)
S¢ = (0.51,0.68,1) ® (5.16,6.77,8.51)~* = (0.06,0.1,0.19)

Sy = (2.99,3.59,4.16) ® (5.16,6.77,8.51)~! = (0.35,0.53,0.8)
Sg = (0.75,1.19,1.55) ® (5.16,6.77,8.51)"* = (0.08,0.17,0.3)
Sy = (0.6,0.94,1.31) ® (5.16,6.77,8.51)* = (0.07,0.13,0.25)

Using formula (7) and ((8), V values and
minimum degree of possibility are respectively

calculated as follows:

D(V) = minV(M, = M) = min(1.586,2.439,1.802,1.715) = 1.586
D(C) = minV(M, = M) = min(1,2.576,1.368,1.212) =1

D(H) = minV(M, = M) = min(0.607,1,1,1) = 0,607

D(F) = minV(M, = M) = min(1,1,2.097,1) = 1

D(A) = minV(M, = M) = min(1,1,2.312,1.118) =1

Weight vector is calculated as follow:

Wy = (0.629,0.658,1,0.121,0.015 nT

Final weights after normalization process is
determined as follows:
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W = (0.259,0.271,0.412,0.050,0.006)
The same procedures were applied to weigh all

indicators. The global weights of the factors,
indicators, and final rankings are listed in Table 5.

Tab. 5. Weight of capability factors and indicators

Factors Weight Indica tors Sub-Weight Total Weight Rank ing
Flexibility 0.067 F1 0.193 0.0130 10
F2 0.435 0.0292 9
F3 0.372 0.0249 10
Collaboration 0.364 C1 0.006 0.0021 16
Cc2 0.161 0.0584 8
C3 0.275 0.1001 5
C4 0.338 0.1229 3
C5 0.220 0.0801 7
Visibility 0.008 Vi 0.039 0.0003 17
V2 0.420 0.0035 13
V3 0.541 0.0045 11
Agility 0.008 Al 0.258 0.0022 15
A2 0.300 0.0025 14
A3 0.442 0.0037 12
Halal Integrity 0.553 H1 0.179 0.0988 6
H2 0.104 0.0577 9
H3 0.229 0.1268 2
H4 0.215 0.1185 4
H5 0.273 0.1508 1

4.4. Sensitive analysis

A small change in the relative weights could affect
the final ranking of the capability to change [90].
Sensitivy analysis was performed to assess the
consistency ranks of specific factors by changing
their weights. In this study, among all capability
indicators, halal integrity was determined as the
highest priority weight; therefore, this factor has
the potential to influence other categories of
capability indicators. Incremental value from 0.1
to 0.9 is applied to the halal integrity factor (H) to
represent the effect of the sensitivity analysis (see
Table 6).

Ranking
"

Furthermore, the ranking of the individual
capability indicators differs owing to variations in
the main capability factors. In the sensitivity
analysis for this study, when the “halal integrity”
factor value is 0.1 the first rank of indicator is
attained by “official Halal logo” (C4), while the
“forecasting accuracy” (V1) settled in the last
rank. The capability indicator C4 holds the first
rank until the capability factor of the halal integrity
value reaches a normal value (i.e., 0.553). From
0.1t0 0.5, the first rank is acquired by C4, and the
ranks of most other capability indicators vary in
the same pattern (see Figure 4 and Table 7).

—==(.1
0.2

0.3

{
0.4
0.5
0.553
0.6

——0.7
——0.8

H1 H2 H3 C1 C2 C3 C4 C5 H1 H2 H3 H4 H> F1 F2 F3 Al A2 A3 ——0.9

Capability Indicators

Fig. 4. Variety of rank of capability indicators respect to the increasing of halal integrity
factor via sensitivity analysis

From the results of the sensitivity analysis, it can
be revealed that specific capability indicator
values fluctuate in reference to the change in the
main factor values. From this case study instance,
the Indicators Halal knowledge sharing (C2),
communication channel (C3), official halal logo
(C4), halal traceability (C5), halal team (H3),
internal halal audit (H4), and mandatory
regulation (H5) are very important in developing

halal supply chain resilience due to their
persistence in the top 10 rankings, regardless of
the main factor varies from 0.1 0.9.

5. Discussion and Implications
In the present study, the AHP technique under
fuzzy conditions was used to evaluate the
capability of HSCRES to measure the degree of
halal capability to defeat disruptions. To this end,
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key formative factors and indicators of HSCRES
capabilities have been identified in the literature
and validated by experts. The priority order was
halal integrity > collaboration > flexibility >
visibility > agility. The results of the FAHP
analysis of the main halal capability factor
prioritization show that halal integrity is
determined most significantly. The outcomes of
the study also show that mandatory regulation
(Wws = 0.1508), halal team (Wwus = 0.1268),
official halal logo (Wcs = 0.1229), internal halal
audit (Wna4 = 0.1185), and communication channel
(Wes = 0.1001) are the top five capability
indicators that significantly contribute to
sustaining HSCRES. This finding is confirmed by
the sensitivity analysis results, which show that
mandatory regulation, halal teams, official halal
logos, internal halal audits, and communication
channels are among the seven important indicators
that remain in the top ten rankings despite varying
main factor values. Halal mandatory regulation
was ranked first among the set of HSCRES
capability indicators. Earlier studies also
determined that the lack of this capability has
ranked 9™ among operational halal food risks by
[9], 8" among halal risk agents in retailing by [69],
and was found to be the most critical risk factor in
halal supply chain management.

Halal regulation is required to maintain the halal
commitment of management to implement a halal
standard in producing and distributing products
[67]. In accordance with these findings, [91]
argued that halal regulations are related to halal
consumer awareness. The more extensive the level
of implementation of halal regulations, the higher
consumers' halal awareness will be obtained.
Hence, paying attention to the regulator through a
halal policy is needed to conform to the resiliency
of HSC, especially when halal risks can be
suppressed [92].

The Halal team has become a second priority in
enhancing the capability of HSCRES. Halal teams
play a critical role in developing and
implementing halal regulations and procedures,
monitoring  suppliers and  products, and
conducting audits to ensure compliance with halal
standards. The importance of halal teams has been
revealed in earlier studies [5] which underlined the
reason why halal teams are significant in
developing halal resilience. For instance, [5]
argued that halal teams muffle halal risks through
three supply chain risk cycles: risk prevention,
mitigation, and recovery. Furthermore, [93]
revealed that the Halal team was needed in
developing halal resilience by ensuring Halal
compliance. The halal team is responsible for

ensuring that all production processes comply
with halal standards, including verifying and
confirming that all ingredients and procedures
used in the production of halal products are
permissible. Similarly, [27] also argued that halal
resilience could be maintained by building trust in
the existence of a halal team. The halal team plays
arole in building trust by ensuring that all products
are halal-certified through a transparent and
credible halal certification process.

The official halal logo is third-ranked in
prioritizing the HSCRES capability. This outcome
is in line with the views of previous studies by
[94]; in which the authors determined the
importance of halal logos in halal supply chain
performance. For instance, [95] argued that the
halal logo is a symbol of authenticity and
compliance with Islamic principles. The halal logo
is granted by an authorized certification that the
products comply with Halal standards. Then, [96]
added the argument by revealing that Halal logos
reduced Halal risks from the consumer’s side.
Muslim consumers are interested in purchasing
products that contain halal logos. In addition to
providing assurance to consumers, [94] completed
the argumentation that halal logos could reduce
the risks of non-compliance and its associated
costs. Halal logos can also reduce reputational
damage risks resulting from non-compliant
products.

The internal halal audit appeared to be the fourth
highest of all identified capabilities. The success
of an internal halal audit directly affects HSCRES.
[5] stated that by conducting an internal halal
audit, potential halal risks can be identified and
corrected to improve resilience. Correction
involves selecting alternative halal suppliers,
implementing contingency plans, and improving
communication and collaboration with halal
supply chain partners. Moreover, [69] found that a
comprehensive internal halal audit program shows
commitment to maintaining halal compliance
throughout the supply chain, which can enhance
reputation and trustworthiness in the market. This,
in turn, can help mitigate the negative impact of
disruptions on supply chain operations, as
stakeholders become habituated to understanding
and supportive during times of crisis.

Finally, the communication channel emerged as
the fifth profound capability indicator in
maintaining HSCRES. Effective communication
channels can enhance halal resilience by
encouraging collaboration, developing trust, and
providing information. Communication channels
facilitate collaboration between entities in HSC,
such as the government, certification bodies, and
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industry stakeholders, as a holistic system [97].
This collaboration allows entities to share halal
information and provides a traceability system to
strengthen the halal ecosystem and enhance halal
resilience.

This study has several implications for regulatory,
management, and certification bodies regarding
implementation  strategies  for  enhancing
HSCRES. These findings offer support for
extending the understanding of significant
capability indicators to obtain a good level of
resilience in HSC.

The results of this study provide a comprehensive
list of capability indicators to enhance HSCRES
that can help stakeholders develop effective
strategies based on the priority ranking of the
indicators. The government must establish robust
regulations and decisive sanctions for industrial
actors to maintain compliance with halal
standards. Similarly, [92] suggested the role of
regulators in supporting HSCRES in six ways:
regulation,  financial incentives, taxation,
infrastructure, guidance and encouragement, and
education and labor supply. The knowledge
contained in this paper advises industrial
management to make strategic decisions to
intensify the company's capability in dealing with
possible halal risks. All managers are advised to
conduct an internal halal audit program
periodically. To support this program, establishing
a halal team with enhanced halal knowledge and
skills of the personnel helps the management
develop a rigorous internal auditing system [98].
Finally, the findings of this study also encourage
certification bodies to enhance the resilience of the
HSC trough by implementing a convenient and
efficient halal certification procedure to
complement halal products with official halal
logos. As stated by [72] the certification bodies
can expand their efforts to socialize and share
information to enhance industry awareness.
Therefore, a conducive atmosphere is established,
and a resilient halal supply chain is obtained.

6. Conclusions and Limitations
This study identified 19 indicators of HCSRES
capability using a comprehensive literature
review, and categorized them into five main
factors. The list of capabilities of HSCRES will
certainly facilitate stakeholders’ understanding of

the theory of halal resilience. The identified
indicators were analyzed and prioritized using the
fuzzy AHP approach. Assessments from ten
experts in HSC were utilized to obtain pairwise
comparison data needed for this study, which
resulted in the relative weights of various
capability factors and indicators. Sensitivity
analysis confirmed the calculation by determining
the ranking of capability indicators while varying
the weight of the factor. The outcome of this study
shows that halal integrity is the top rank of the
HSCRES capability factor, followed by
collaboration flexibility visibility agility. This
study also revealed that mandatory regulation,
halal teams, official halal logos, internal halal
audits, and communication channels are the most
prominent capability indicators for strengthening
the resilience of HSC. The findings of this study
would motivate all HSC stakeholders to develop a
set of comprehensive strategies to enhance
possible capabilities. Based on priority ranking,
management, government, and certification
bodies can formulate specific policies, procedures,
and programs for halal capability management to
improve halal resilience levels.

Similar to other studies, this study had a few
limitations. First, this study only reveals 19
capability indicators that are grouped into five
factors from the literature review; more
capabilities may not have been recognized and
classified. Hence, future research could
investigate and select studies from a large and
different sample set. Further research should
conduct quantitative research based on a survey to
determine the selection and categorization of
capability indicators through factor analysis.
Second, as the use of FAHP is natural, the views
of decision-makers may be subjective. Future
research  could apply different MCDM
approaches, such as ANP, DEMATEL, BMW,
TOPSIS, and VIKOR, to prioritize capability
factors and indicators, so that the results can be
compared to obtain comprehensive outcomes.
Third, this study was restricted to the classification
and ranking of indicators of halal capability in
HSCRES. Further research can be performed to
determine the immediate effect of capability
indicators on halal resilience and construct a
strategic approach to enhance this capacity.

Tab. 6. Variation in weights of capability factors after increasing the H weight value

Factors Runl Run2 Run3 Run4 Runb5 Normalized Run6 Run7 Run8 Run?9
weight

F 0.135 0.120 0.105 0.090 0.075 0.067 0.060 0.045 0.030 0.015

C 0.731 0.650 0.569 0.488 0.406 0.364 0.325 0.244 0.163 0.081

A 0.017 0.015 0.013 0.011 0.009 0.008 0.008 0.006 0.004 0.002
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\% 0.017 0.015 0.013 0.011 0.009
H 0.100 0.200 0.300 0.400 0.500

Total 1 1 1 1

1

0.008 0.008 0.006 0.004 0.002
0.553 0.600 0.700 0.800 0.900
1 1 1 1 1

Tab. 7. Rank of capability indicators when variying halal integrity factor via sensitivity
analysis

Indicators

Runl Run2 Run3 Run 4 Run 5

Normalized Run6 Run7 Run8 Run9

01 02 03 0.4 0.5  weight(0.553) 0.6 0.7 0.8 0.9
F1 8 11 12 12 12 10 12 12 12 12
F2 5 6 9 10 10 9 10 10 10 10
F3 6 8 10 11 11 10 11 11 11 11
c1 18 18 18 18 18 16 18 18 18 18
c2 4 4 4 7 8 8 9 9 9 9
C3 2 2 2 2 4 5 6 7 7 7
c4 1 1 1 1 1 3 4 5 6 6
c5 3 3 3 4 6 7 7 8 8 8
Vil 19 19 19 19 19 17 19 19 19 19
V2 15 15 15 15 15 13 15 15 15 15
V3 13 13 13 13 13 11 13 13 13 13
Al 17 17 17 17 17 15 17 17 17 17
A2 16 16 16 16 16 14 16 16 16 16
A3 14 14 14 14 14 12 14 14 14 14
H1 11 10 8 8 7 6 5 4 4 4
H2 12 12 11 9 9 9 8 6 5 5
H3 9 7 6 5 3 2 2 2 2 2
H4 10 9 7 6 5 4 3 3 3 3
H5 7 5 5 3 2 1 1 1 1 1
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