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Abstract

This study investigated the key success factors in digital food supply chain management for Thailand's food retail industry through
digital transformation, employing the Fuzzy Analytic Hierarchy Process (FAHP) for the integrated digital food supply chain model.
Through an extensive literature review and expert consultations, the critical criteria were identified and ranked in the researched
domains of digital strategy, digital operations management, digital customer experiences, and digital organization and culture
management. Business alignment is the primary focus within digital strategy, followed by technology investments to enable this
alignment and data-driven decision-making. Supply chain visibility is considered the most crucial aspect of digital operations
management, and data analytics along with inventory management are integral aspects that lead to operational efficiency. In the realm
of digital customer experiences, aspects of customer centricity, convenience and accessibility, and order tracking and communication
are the top drivers of satisfaction and loyalty. Finally, leadership and vision are recognized as essential for digital organization and
culture management, along with fostering digital skills, capabilities, agility, and adaptability. In addition, this study provides a practical
framework for improving Thai food retail organizations through the alignment of engineering, organizational, and consumer
expectations.

Keywords: Food supply chain management, Fuzzy AHP, Digital strategy, Digital operations management, Digital customer
experiences, Digital organization and culture management

1. Introduction

The Thai food retail market is very diverse, including traditional wet markets, street food, convenience stores, supermarkets,
hypermarkets, and online channels. Characterized by factors like urbanization, increasing disposable incomes, and changing consumer
lifestyles, this industry is essential to the national economy. However, the growing consumer demand for convenience, quality and
transparency has posed crucial challenges to food retailers in Thailand who need to adjust to the changing landscape while ensuring
efficiency and sustainability.

[1] Research highlights Thailand’s food retail market as an attractive investment destination due to economic growth, with digital
transformation gaining traction through smartphone applications and online shopping. The evolution from the traditional paradigms of
food supply chain management to more modern approaches has paved the way for digitization and analytics driven by digital
transformation. Consequently, numerous opportunities and challenges have been created for food retail businesses in recent years.
Digital technologies can unlock opportunities to improve efficiencies, drive operational prowess, and enable transparency. However,
many businesses in Thailand’s food retail sector have struggled to maximize the potential of these technologies. The shift from
traditional food supply chain management to modern, digital-driven approaches has created both opportunities and challenges for
Thailand’s food retail sector. While digital technologies enhance efficiency, transparency, and operational effectiveness, many
businesses struggle to fully capitalize on these advancements [2]. While supermarkets can leverage data analytics for procurement and
inventory management, fresh markets often lack digital integration, making it harder for them to meet rising consumer expectations
for convenience, reliability, and food safety. Challenges such as supply chain limitations, inventory control issues, and intense
competition from affordable e-commerce stocks further hinder digital adoption. Without a clear digital strategy, inefficiencies persist
across operations, customer engagement, and organizational structure. Addressing these challenges requires a comprehensive digital
strategy to ensure sustainable competitiveness in the evolving retail landscape.

Despite the growing importance of digital transformation in modern supply chains, comprehensive research on its impact within
the food industry remains inadequate. The absence of sufficient data and insights hinders the development of strategic approaches for
achieving successful food supply chain management through digital transformation.

Additionally, there is a gap in assessing the readiness of businesses to adopt digital transformation for planning and improving food
supply chain operations. Understanding the level of preparedness is crucial for ensuring a smooth transition and effective
implementation of digital strategies. Furthermore, there is a lack of structured evaluation in terms of the key success factors influencing
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digital transformation in food supply chain management. Prior studies have not systematically ranked these factors based on their
impact, leaving a critical gap in identifying which elements contribute most significantly to a successful transformation process.

This research aims to address the gaps by leveraging a Fuzzy AHP approach to enhance sustainability and determine the key
success factors for digital food supply chain management. The results of this research will provide significant benefits to the food retail
industry in Thailand. In an era of rapid changes and intense competition, identifying key success factors in digital food supply chain
management is crucial for driving successful digital transformation. These factors play a vital role in enabling organizations to adapt,
enhance operational efficiency, and maintain competitiveness while responding to evolving consumer demands. Additionally, this
study aims to provide practical insights and best practices that food retailers can adopt to improve business resilience, operational
performance, and long-term sustainability in the digital age.

2. Digital industry 4.0 for food supply chain management

Digital Industry 4.0 is revolutionizing supply chain management (SCM) across various sectors, including the food industry, by
integrating advanced digital technologies such as 10T, artificial intelligence (Al), big data, blockchain, and robotics [3, 4] to enhance
efficiency, transparency, and adaptability. Traditional SCM has evolved from fragmented data management to real-time data sharing,
enabling seamless coordination among supply chain partners. The successful implementation of SCM requires Supply Chain
Orientation (SCO), supported by top management and collaboration between stakeholders, where trust plays a critical role in fostering
agility and resilience.

Industry 4.0 technologies are essential for integrating producers and consumers through developing efficient, safe, environmentally
friendly, and sustainable approaches, which requires addressing challenges such as food safety, perishability, and varying demands in
the food industry. The power of predictive analytics aids in the demand for forecasting, while Al enhances production efficiency via
automation, blockchain allows secure and transparent transactions, and cloud computing (CC) offers real-time data accessibility. These
efficiencies help ensure appropriate inventory control, improve traceability through compliance to the food safety guidelines, and
streamline logistics while reducing operational costs as well as food waste.

In contrast to the aforementioned, challenges such as high investment costs, a lack of skilled personnel, and resistance to change
hinder widespread adoption, particularly for small businesses. For instance, financial constraints and limited access to skilled labor in
Thailand’s sugar industry impede digital transformation, despite the potential to reduce costs and improve decision-making through
data analytics [5]. To effectively implement Industry 4.0 in the food industry, companies must develop a digital strategy, invest in
workforce training, and leverage government support for infrastructure development. A well-executed digital transformation
strengthens food supply chain resilience, enhances competitive advantage, ensures food quality and safety, and supports sustainability
initiatives in dynamic market conditions.

2.1 Digital food supply chain management (DFSCM)

In the food retail industry, digital supply chain management applies advanced technology to every aspect of the supply chain, from
forecast and inventory management to consumer experience. Some key applications include real-time tracking, demand forecasting,
route optimization and blockchain-enabled transparency [6]. 10T/RFID/data analytics and others enable the execution of real-time
monitoring, predictive decision-making, and risk mitigation.

These technologies drive operational efficiency, customer satisfaction, and sustainability by ethically sourcing and minimizing
food waste. With data, it is also possible to allow food retailers to be agile and keep up with changing market demands, optimizing
their supply chains and providing extra value to their customers in a responsible way.

2.2 Digital strategy

Digital supply chain management is grounded in a strong digital strategy that will determine how technologies are leveraged to
help the business achieve its target objectives. Some key success factors in digital adoption are related to operational improvement,
strategic alignment, customer demand, supplier pressure, and competition [7]. An effective strategy further improves efficiency, market
differentiation, and innovation, which helps organizations in adopting digitalization and meeting operational goals [8]. Technological
intelligence and supply chain collaboration are striving to maximize the digital initiatives [7]. A holistic perspective on digital strategy
connects technology, customers, and organizational focuses [9], promoting a culture change that transforms conventional supply chains
into quick, agile, linked, community-like digital ecosystems [3]. It helps food retailers fulfill the changing needs of consumers, prepare
for change, and take advantage of technology to remain competitive and agile over the long term.

2.3 Digital operation management

A digitalization strategy supports system integration and distinctive data-driven processes along the food supply chain. For this
purpose, 10T, blockchain, and BDA are used in digital operations management to improve inventory, production, logistics, and supply
chain visibility [10, 11]. Thus, it is possible to carry out predictive planning, the reduction of waste and operational efficiency by
combining sensor data (10T), big data (Al, cloud) and digital traceability (RFID) [9, 12]. Digital platforms support collaboration among
stakeholders for resource sharing and sustainability. Organizations utilizing these tools benefit from enhanced productivity, reduced
costs, satisfied customers, and quick adaptation to market changes [3, 10, 12, 13]. In the digital age, the digital operations are
indispensable for the realization of agile, efficient, and competitive supply chains [3, 14].

2.4 Digital customer experiences

Digital customer experience in the food supply chain manifests as contact points with consumers through web platforms, web apps,
and service portals that enable the promoting of convenience, personalization, transparency, and responsiveness [15]. Emerging
technologies such as the 10T, CC, and big data analytics allow for real-time tracking, personalized interactions, and transparency of
product sourcing, which helps to build trust and satisfaction [16]. Therefore, a well-designed digital customer experience can positively
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impact brand loyalty and market differentiation as well as leads to sustainable supply chain performance [15, 16]. This notion is
centered on providing personalized and attentive interactions that increase customer satisfaction and the success of the entire
organization [17]. It also represents an essential part of digital supply chain management through increased engagement, personalization
and responsiveness [9].

2.5 Digital organization and culture management

Digital organization and culture management are drivers of change in the food supply chain, encouraging technological innovation
while making it possible to act or react rapidly, often in a collaborative manner [18]. A cultural shift towards digital goals enables
successful adoption of digital technologies across supply chains, boosting supply chain efficiency, resilience and competitiveness in
the market [9, 19]. Knowledge Management (KM) helps with the transfer of knowledge and adaptation of Industry 4.0 technologies,
allowing firms to utilize advanced digital technologies [19]. Digital supply chain transformation that considers the role of people,
processes, and technology represents the true transformational aspect of effective digital organization and culture management [9].

Recent studies on the integration of digital technologies in food supply chain management are summarized in Table 1.

Table 1 Summary of literature on Digital Food Supply Chain Management

Avrticles Digital Digital Operations  Digital Customer  Digital Organization and
Strategy management Experiences Culture Management

Garay-Rondero et al. [3] / /

Ho et al. [8] /

Ageron et al. [9] / / / /
Buyikozkan and Goger [14] /

Deepu and Ravi [15] /

Bui et al. [18] / /

Queiroz and Wamba [20] /

Bejlegaard et al. [21] /

This study / / / /

3. Material and methods
3.1 Statement of the problem

The adoption of digital innovations in food retail can be pivotal for supply chain trends as well as the sustainability of food retail
in general. However, organizations need a comprehensive understanding of what drives sustainability and competitiveness in order to
succeed with digital transformation initiatives.

The primary challenge for the food retail industry is identifying and prioritizing the determinants of success that are critical for
driving sustainability through digital transformation in food supply chain management. There is an urgent imperative to distinguish the
different areas of engagement within the fields of digital strategy, digital operations management, digital customer experiences, and
digital organization and culture management that matter most for sustainable outcomes. The evaluation framework consists of four key
criteria with well-defined sub-criteria to ensure clarity in interpretation. Digital strategy focuses on aligning technology with business
goals to drive growth, covering alignment with business objectives, technology investment decisions, risk management and mitigation,
adaptation to market trends, differentiation and innovation and data-driven decision making. Digital operations management involves
managing digital processes in production, procurement, and customer service to enhance efficiency and performance. Key areas include
supply chain visibility, production optimization, quality control, logistics and transportation, inventory management, data analytics,
and insights and waste management. Digital customer experiences enhance customer interactions through convenience,
personalization, and trust-building in the digital era. It covers convenience and accessibility, personalization, transparency and
traceability, customer-centricity, order tracking and communication, customer support and assistance, brand loyalty and advocacy and
e-commerce and direct-to-consumer channels. Digital organization and culture management focus on developing a digitally adaptive
organization with strong leadership, agile structures, and innovation-driven cultures. It includes leadership and vision, agility and
adaptability, digital skills and capabilities, change management, collaboration and communication, organizational structure, and
innovation and experimentation.

This study employed a structured interview with 12 experts in the food supply chain sector to ensure the reliability and validity of
the data. The selection criteria for these experts included (1) holding a managerial position in supply chain operations, planning, or
logistics, (2) possessing at least ten years of experience in the food retail industry, and (3) having direct involvement in digital
transformation initiatives within supply chain management. The panel consisted of operation managers (6 experts) and planning
managers (6 experts) from leading food retail companies in Thailand, ensuring a balanced representation of perspectives from both
operational and strategic planning domains. Their expertise spans inventory management, procurement, logistics optimization, demand
forecasting, and digital supply chain integration, which are critical aspects relevant to this study. The interview questionnaire was built
along the lines of a Likert scale to facilitate a scored response from the participants that reflects their perception about the various
factors driving the digital transformation of food supply chain management. To assess the internal consistency and reliability of the
responses obtained, Cronbach's alpha (o)) was employed as the reliability test metric, with a value of 0.7 or higher being considered
acceptable. Digital strategy alternatives have a reliability score of 0.75, while digital operation management is 0.755, digital customer
experiences is 0.792, and digital organization and culture management is 0.711. Criteria and alternative symbols are given in Table 2.
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Table 2 List of sub-criteria and symbols

329

Criteria Symbols Alternatives References
Digital Strategy Al Alignment with Business Objectives [22]
(DS) A2 Technology Investment Decisions [23]
A3 Risk Management and Mitigation [24]
A4 Adaptation to Market Trends [25, 26]
A5 Differentiation and Innovation [27]
A6 Data-Driven Decision Making [28]
Digital Operations B1 Supply Chain Visibility [11, 29]
Management B2 Production Optimization [28]
(DOM) B3 Quality Control [30]
B4 Logistics and Transportation [28]
B5 Inventory Management [28]
B6 Data Analytics and Insights [3, 4]
B7 Waste Management [31, 32]
Digital Customer C1 Convenience and Accessibility [33]
Experiences C2 Personalization [34, 35]
(DCE) C3 Transparency and Traceability [22]
C4 Customer-Centricity [36]
C5 Order Tracking and Communication [33,35]
C6 Customer Support and Assistance [33, 35]
c7 Brand Loyalty and Advocacy [35, 37]
C8 E-commerce and Direct-to-Consumer Channels [22, 38]
Digital Organization D1 Leadership and Vision [39]
and Culture D2 Agility and Adaptability [40]
Management D3 Digital Skills and Capabilities [6, 41, 42]
(DOC) D4 Change Management [43]
D5 Collaboration and Communication [44]
D6 Organizational Structure [45]
D7 Innovation and Experimentation [46]

3.2 Fuzzy AHP methodology

The Fuzzy Analytic Hierarchy Process (FAHP) combines the traditional Analytic Hierarchy Process (AHP), developed by Thomas
Saaty in the 1980s, with the fuzzy set theory introduced by Lotfi Zadeh in 1965, thus addressing AHP's limitation of relying on precise
numerical judgments by incorporating fuzzy numbers to handle uncertainty and imprecision in subjective evaluations [47]. This hybrid
methodology involves structuring decision problems hierarchically, using fuzzy pairwise comparison matrices to express preferences,
aggregating fuzzy judgments (particularly in group decision-making), defuzzifying to generate crisp scores, and evaluating the
consistency of judgments. FAHP provides flexibility in articulating preferences, making it a valuable tool for multi-criteria decision-
making in various fields like supplier selection and project evaluation [48]. FAHP enables decision-makers to incorporate subjective
judgments into a structured decision-making process, enhancing the reliability of decisions in complex and uncertain environments.
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The practical implementation of FAHP involves a structured approach, as in Figure 1.

1. Formulate a hierarchical evaluation questionnaire to convert decision-maker’s judgments into fuzzy triangular numbers.

2. When expressing judgments using fuzzy triangles, decision-makers convey their preferences through linguistic variables and
qualitative terms that can be transformed into numerical values for analysis [49]. These preferences are then translated into equivalent
fuzzy triangular values, as shown in Table 3. Additionally, the scale of fuzzy numbers [50] allows decision-makers to express their
evaluations using linguistic terms, which are then converted into triangular fuzzy numbers. This conversion helps address the vagueness
and subjectivity involved in the decision-making process, as illustrated in Figure 2. Triangular Fuzzy Numbers are one of the most
used forms of fuzzy representation, often applied to express uncertainty or ambiguity in data. They are defined by three points including
I, m, and u, representing the lower, middle, and upper values, respectively. Fuzzy logic handles uncertainty and imprecision. It serves
as a foundation for various models and applications across multiple fields, such as transportation data analysis, decision-making under
uncertainty, and algebraic structures.

3. Once the hierarchy is established and pairwise comparisons of alternative criteria are conducted, the priority weights for each
alternative are computed.

Table 3 Linguistic terms for triangular fuzzy numbers

Linguistic variables Triangular fuzzy scale
Equally Impact 1,1,1)
Intermediate Equally Impact (1,2,3)
Moderately Impact (2,3,4)
Intermediate Moderately Impact (3,4,5)
Strongly Impact (4,5,6)
Intermediate Strongly Impact (5,6,7)
Very Strong Impact (6,7,8)
Intermediate Very Strongly Impact (7,8,9)
Extremely Impact (8,9,9)
wi = (x)
A 123 1 5 6 78 3
0

- J

Figure 2 Scale of fuzzy numbers

Identifying key success factors and improving sustainability in the digital food supply chain management problem can be addressed
using the FAHP method, which is a suitable approach that can deal with uncertainty and subjective nature in such problems. Decision-
makers are often intimidated by the complex and multifaceted nature of the criteria that must be balanced, including digital strategy,
digital operations management, digital customer experiences, and digital organization and culture management. Fuzzy AHP is
particularly suited for this study as it combines the clear hierarchical structure of AHP with fuzzy logic to more effectively handle
uncertainty in expert assessments. Digital food supply chain management is highly complex and constantly evolving, making expert
opinions inherently uncertain. By leveraging fuzzy numbers, FAHP allows for a more flexible and precise evaluation of key factors,
reducing the limitations of crisp value methods. This approach enhances the reliability of prioritization by accommodating ambiguity
in expert judgments, ensuring a more accurate reflection of stakeholder perspectives in digital transformation decision-making.

This study examines the adoption of digital food supply chain management in the context of the food retail sector, using the FAHP
to gain insight. Following a holistic approach, the qualitative data were collected through interviews with five industry professionals,
each of which had more than a decade of experience in their domain. These individuals were chosen independently from those assessing
the reliability testing, which provided neutral viewpoints. These experts represented operations managers, planning managers, and
experts in managing the digitalization of the food supply chain. Having had decades of experience, they were able to understand both
the strategic and operational issues underlying the adoption of digital solutions and effectiveness of the literature before conducting an
in-depth analysis of the critical drivers impacting the adoption and effectiveness of digital solutions.

Using an FAHP approach, organizations within the food retail industry can more effectively assess and rank the various key success
factors, facilitating evidence-based decision-making and strategic planning to promote sustainable developments and advancements in
the digital food supply chain management landscape, following a structured process utilizing the FAHP model with criteria significance
weights, as shown in Figure 3.
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Key Success Factors in
Digital Food Supply Chain Management

DS DOM DCE DOC

Al A2 A6 Bl B2 . B7 Cl c2 ... Cc8 D1 D2 ... D7

Figure 3 Hierarchy of the digital food supply chain management problem
3.2.1 Construction of the fuzzy pairwise comparison matrix

Pairwise comparison is a fundamental process within decision-making methodologies such as the AHP and its fuzzy variant, FAHP.
It involves systematically comparing each criterion or alternative against every other criteria or alternative to establish their relative

importance or preference.

Matrix comparison,

(1,1,1) (igmyp,upp) - (lpomyg,uyy)
gz(aij)nxf (lzl,m?l JUa) (1,1,1) (lzn,m?n,uzn) 1)
(lnlamnlaunl) (anangaunZ) (131:1)
Where
a;=(1;5,mj,u5) 2
For reciprocal
ail= (lijjﬁ) forij=1,...,n and i @A)

3.2.2 Aggregate the fuzzy pairwise comparisons

The fuzzy geometric mean method combines the judgments from all experts. Geometric mean in FAHP enhances decision-making
under uncertainty by effectively aggregating expert opinions while minimizing the impact of outliers, ensuring more reliable results. It
maintains reciprocity in pairwise comparisons, preserves consistency, and systematically handles ambiguity in fuzzy-weighted criteria.
With clear and repeatable calculations, it facilitates efficient evaluation and comparison of alternatives. Additionally, its flexibility
allows decision-makers to dynamically adjust weights based on new data, making it highly adaptable to changing conditions. The
aggregated fuzzy number for pairwise comparison is calculated from Eqn. (4-7).

Cljz(lijymijyuij) 4
And
" 1
i =(IT, 1) 5)
1
my; = ([Tkey mf)" (6)
1
i =(IT uf)" (7

Where L& m{} and u‘ij are the lower, middle, and upper of the fuzzy number provided by k experts between criteria i and j. Convert

ij>

aggregate fuzzy weights numbers into crisp numbers from Eqn. (8).

W= 1i+n;i+ui (8)
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3.2.3 Calculate the fuzzy synthetic extent value

For the fuzzy synthetic extent value S; for criteria, follow Eqgn. (9).
m noym o ]
Si=X% My ®[ i1 =1 Mgi] 9)

The triangular fuzzy values Mic,i can be calculated from Eqgn. (10-12).

m i _[y'm m m -1

i My =X 1, 20 my, BT u] (10)
And

- q-1

n m J — 1 1 1
[21:1 il Mgi] (inzlui’Zinzlmi’Z?:lli) (11)
And

) }EIMJgi:(Z?ZI I, Xty my, X uy) (12)

3.2.4 Calculate the degree of possibility

The degree of possibility for S; > S; , [51] intersects between M, and M, in Figure 4.

Where S; = (I;, m;, u;),S; = (I;, my, u;);i#j calculated from Eqn. (13).

1 mlzmj
0 1'2111
V(Si=S;)= (1) ) (13)
Ui
T other
Convex fuzzy number S; > S; where i #j and i = 1,2,....,n from Eqn. (14).
V(S; = S; lj=1.2,....n;i# )=minV(S; > S;) (14)
Ui
, i,
1
V=M, = M)
0 »
M
L, myl, dum w
Figure 4 Degree of possibility of V(Sizsj)
3.2.5 Determine the weight vector
The weight vector W is derived by normalizing the degree of possibility, indicated from Eqgn. (15).
__Vsizs)
Wi_E?‘:lV(SiE S) (15)

3.2.6 Calculate the Consistency Index (Cl) and the Consistency Ratio (CR)
The consistency index (Cl) is calculated by using Eq. (16) where A, is the largest eigenvalue of the comparison matrix and n is

the number of criteria. CR should be < 0.1, the consistency is acceptable, and RI is the random consistency index, as shown in
Table 4 and calculated by using Eq. (17).

Cl= Gmax-n) (16)

n-1

The consistency ratio

CR= a7
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Table 4 Random Consistency Index (RI)

N
RI(n)

1
0

2
0

4
0.89

5
1.12

6
1.25

0.52 1.34 14

4, Results and discussion

The experimental results show the key success factors in digital food supply chain management. In this study, the relative
importance of the key success factors in digital food supply chain management was assessed using the extent analysis method.

To aggregate the fuzzy number for pairwise comparison of criteria calculated from Eqn. (4-7). The results of the aggregated fuzzy
pairwise comparison of criteria and alternatives are shown in Figure 5. The results of criteria and alternatives for digital food supply
chain management are given in Tables 5 and 6.

_ Aggregate the fuzzy pairwise comparison of criteria
DS

Criteria DOM DCE DOC
DS (1,1,1) (1.64,2.7,3.73) (2,3,4) 234
DOM (0.27,0.37, 0.61) (1,1,1) (1,2,3) (1.78, 2.86, 3.89)
DCE (0.25,0.33,0.5) (0.33,0.5,1) (1,1,1) (0.37, 0.56, 0.94)
DOC (0.25,0.33,0.5) (0.26, 0.35, 0.56) (1.06, 1.78,2.7) (1,1,D
_Aggregate the fuzzy pairwise comparison of digital strategy alternative.
Al A2 A3 Ad AS A6
Al a,1,1) (2.35,3.37,4.37) 2,3,4 (2.55,3.57,4.57) (1.15,2.17,3.18) (1.52,2.56,3.57)
A2 (0.23,0.29,0.43) (LD (2,3,4) {1.15,2.17, 3.18) (1.32,2.35,3.37) (1.15,2.17, 3.18)
A3 (0.25,0.33, 0.5) (0.25, 0.33, 0.5) (,1,1) (1.32, 235, 3.37) (1.15,2.17, 3.18) (0.45, 0.66, 1.15)
Ad (0.22,0.28, 0.39) (0.32, 0.46, 0.88) (0.29,0.43, 0.76) (L, L1 (1,2,3) (0.32, 0.46, 0.87)
A5 (0.32,0.46,0.87) (0.29, 0.43, 0.76) (0.32,0.46, 0.87) (033,05, 1) (1,1,1) (0.37, 0.56, 0.94)
A6 (0.28,0.39,0.66) (0.32, 0.46, 0.87) (0.87, 1.52, 2.22) (1.15,2.17, 3.18) (1.06, 1.78, 2.7) (1,1,1)
_Aggregate the fuzzy pairwise comparison of digital operations management alternative.
B1 B2 B3 B4 B5 B6 B7
Bl (,1,1) (1.32,2.35,3.37)  (1.52,2.55,3.57) (1,2,3) (1,2,3) (0.33,05, 1) (1.15,2.17,3.18)
B2 (0.28,0.43,0.76) (a,1,1) (1,2, 3) (0.32,0.46,0.87) (0.33,0.5, 1) (0.32,0.46,0.87) (1,2,3)
B3 (0.28,0.39,0.66) (0.33,0.5,1) (, LD (1,2,3) (0.29,0.43,0.76)  (0.27,0.36,0.57) (1,2,3)
B4 (0.33,0.5, 1) (1.15,2.17,3.18) (0.33,0.5, 1) (110 (1,2,3) (1,2,3) (1,2,3)
BS (0.33,0.5, 1) (1,2,3) (1.32,2.35,3.37) (0.33,05, 1) (,1,1) (1,2,3) (1.52,2.55,3.57)
B6 (1,2,3) (1.15,2.17,3.18) (1.74,2.77,3.78) (0.33,0.5, 1) (0.33,0.5, 1) (1, 1,1) (1,2,3)
B7  (0.32,0.46,0.87) (0.33,0.5,1) (033,05, 1) (0.33,05, 1) (0.28,0.39,0.66) (0.33,05, 1) (,1,1)
_Aggregate the fuzzy pairwise comparison of digital customer experiences alternative.
C1 Cc2 C3 C4 C5 Cé6 C7 C8
C1 (1,1, 1) (2,3,4) 2,3,4 {0.33,0.5,1) (1,2,3) (1,2,3) (1,2,3) (1,2,3)
Cc2 (0.25,0.3,0.5) (1,1, 1) (2,3,4 (0.25,0.3,0.5)  (0.33,0.5,1) (0.33,0.5,1) 2,3,4) (1,2,3)
C3  (0.25,03,0.5) (0.25,0.3,0.5) (LD (0.25,0.3,0.5) (0.2503,0.5) (0.25,03,0.5) (1,2,3) (0.33,0.5,1)
C4 (1,2,3) (2,3, 4) 2,3, 14,1,1) 1,2,3) (1.7,2.8,3.8) 23,4 2,3,4)
Cs (0.33,0.5,1) (1,2,3) (2,3, 4 (0.33,0.5, 1) (1,1,1) (0.5,0.7,1.2) (1,2,3) (1,2,3)
Cé (0.33,0.5, 1) (1,2, 3) (2,3,4) (0.3,0.4,0.6) (0.9,1.4,2.2) (1,1, 1) (1.2,2.23.2) (0.33,0.5,1)
Cc7 (0.33,0.51)  (0.25,0.3,0.5)  (0.33,051) (0.250.3,0.5) (0.33,0.5,1)  (0.3,0.5,0.87) ,1,1) (0.33,0.5,1)
(] (0.33,0.5,1) (0.33,0.5, 1) (1,2,3) (0.25,0.3,0.5)  (0.33,0.5,1) (1,2,3) (1,2,3) (1,1, 1)
_Aggregate the fuzzy pairwise comparison of digital organization and culture management alternative.
D1 D2 D3 D4 D5 D6 D7
D1 (1,1, 1) (2.05, 3.1,4.13) (1,2,3) (2,3,4) 2,3,9 (1.74,2.77,3.78) (2,3,4)
D2 (0.24,0.32,0.49) 1,11 (0.333,05, 1) (1,2,3) (1,2,3) (1.74,2.77,3.78) (2,3.49
D3 (0.33,0.5, 1) (1,2,3) (1,1, 1) (1,2,3) (1,2,3) (1.32,2.35,3.37) (2,3,4)
D4 (0.25,0.33,0.5) (0.33,0.5, 1) (0.333,05, 1) (L1, 1) (1,2,3) (1.15,2.17.3.18) (2,3,4)
D5  (0.25,0.33,0.5) {0.33,0.5, 1) (0.333,05, 1) (033,05, 1) (1,1,1) (1.32,2.353.37) (1,2,3)
D6 (0.27,0.36,0.58) (0.27,0.36,0.57) (0.29,0.43,0.76)  (0.32,046,0.87)  (0.29,0.43,0.76) (1,1,1) (0.48,0.7,1.3)
D7 (0.25,033,05) (0.25,0.33,05) (0.25,0.33,05)  (0.25,0.33,0.5) (0.33,0.5, 1) (0.76, 1.4,2.1) (1,1,1)
Figure 5 Aggregate the fuzzy pairwise comparison of criteria and alternatives
Table 5 Results of criteria for digital food supply chain management
Criteria Weight Prioritize CR
Digital Strategy (DS) 0.4318 1 0.075
Digital Operations Management (DOM) 0.3286 2
Digital Customer Experiences (DCE) 0.2087 3
Digital Organization and Culture Management (DOC) 0.0309 4
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Table 6 Results of alternatives for criteria

Criteria Alternatives Weight Prioritize CR
DS Al Alignment with Business Objectives 0.3352 1 0.089
A2 Technology Investment Decisions 0.2572 2
A3 Risk Management and Mitigation 0.1499 4
A4 Adaptation to Market Trends 0.0696 5
A5 Differentiation and Innovation 0.0181 6
Ab Data-Driven Decision Making 0.1697 3
DOM Bl Supply Chain Visibility 0.1819 1 0.097
B2 Production Optimization 0.1244 5
B3 Quality Control 0.1205 6
B4 Logistics and Transportation 0.1625 4
B5 Inventory Management 0.1687 3
B6 Data Analytics and Insights 0.169 2
B7 Waste Management 0.073 7
DCE C1 Convenience and Accessibility 0.179 2 0.07
c2 Personalization 0.1289 5
C3 Transparency and Traceability 0.0706 7
C4 Customer-Centricity 0.2088 1
C5 Order Tracking and Communication 0.1446 3
Cé6 Customer Support and Assistance 0.1346 4
Cc7 Brand Loyalty and Advocacy 0.0228 8
C8 E-commerce and 0.1106 6
Direct-to-Consumer Channels
DOC D1 Leadership and Vision 0.2704 1 0.06
D2 Agility and Adaptability 0.1968 3
D3 Digital Skills and Capabilities 0.2163 2
D4 Change Management 0.1635 4
D5 Collaboration and Communication 0.1195 5
D6 Organizational Structure 0.0132 7
D7 Innovation and Experimentation 0.0201 6

5. Conclusions

This research highlights the importance of digital transformation to improve sustainability and identifies the success factors in
digital food supply chain management. Based on the Fuzzy AHP approach, four dimensions were found to be critical: digital strategy,
digital operations management, digital customer experiences, and digital organization and culture management.

However, a robust digital strategy also helps align business objectives, make informed technology investments, and facilitate data-
driven decisions. Digital operations management is responsible for the visibility of the supply chain, its data analytics for efficiency,
and the optimization of inventory for sustainability. Digital customer experience is performance-focused and prioritizes customer-
centricity, convenience, and real-time tracking to instill loyalty. Leadership, digital skills, and agility empower a digital organization
and culture. These factors further streamline processes and improve customer satisfaction as well as build competitiveness, ultimately
contributing to a more agile, sustainable and adaptable food supply chain.

The study aligns with [9] research by exploring and developing a Digital Supply Chain (DSC) management framework that
integrates emerging technologies to address organizational challenges. Key strategies include (1) integrating technologies like IoT, Big
Data, and Cloud Computing to enhance efficiency, (2) developing digital skills for employees to adapt to rapid changes, (3) fostering
an agile organizational culture to respond to market demands, (4) implementing performance measurement systems considering
technology’s role in DSC, and (5) analyzing consumer-supplier relationships to identify market opportunities. Additionally, it supports
[3] findings on Industry 4.0 supply chain management, emphasizing (1) the digital transformation of supply chains requiring advanced
planning and technology adoption, (2) the role of organizational culture and customer experience in leveraging technology for better
services, and (3) a three-step implementation approach focusing on customer experience, digital value chain investment, and smart
factory development.

The evaluation results help businesses in the food supply chain identify their strengths and weaknesses, thus enabling them to fine-
tune their strategies and operations in alignment with industry trends. Implementing Al, 10T, Blockchain, and Digital Platforms can
enhance efficiency, reduce costs, and improve long-term customer satisfaction.

For instance, a business that aims to strengthen its digital strategy should focus on aligning its digital transformation efforts with
organizational goals by investing in technologies that enhance competitiveness. Leveraging Al and Big Data for data-driven decision-
making can improve strategic planning and market responsiveness, such as developing e-commerce platforms and direct-to-consumer
channels to adapt to market trends.

On the other hand, a business that seeks to improve its Digital Customer Experiences (DCE) should enhance its customer-centricity
and transparency, which are crucial for customer satisfaction. Developing omni-channel platforms can improve convenience and
accessibility, ensuring that customers can easily access products and services.

The findings of this research could be applied to other industries with complex supply chain structures that require digital
technologies to enhance efficiency, such as manufacturing, retail, and pharmaceuticals. The concepts of Digital Strategy (DS), Digital
Operations Management (DOM), Digital Customer Experiences (DCE), and Digital Organization and Culture Management (DOC)
help businesses refine strategies, optimize processes, and improve customer experiences. However, industry-specific differences
determine how these concepts are implemented. For example, the manufacturing sector emphasizes automation and 10T, while the
pharmaceutical industry focuses on traceability and regulatory compliance, and the retail industry leverages Al and Big Data to analyze
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customer behavior. Key limitations include infrastructure readiness, technology adoption, and workforce capabilities. Therefore,
applying these research findings necessarily requires adaptation to the unique context of each industry.
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