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Abstract: Food waste reduction and security are the main concerns of agri-food supply chains, as
more than thirty-three percent of global food production is wasted or lost due to mismanagement.
The ongoing challenges, including resource scarcity, climate change, waste generation, etc., need
immediate actions from stakeholders to develop resilient food supply chains. Previous studies
explored food supply chains and their challenges, barriers, enablers, etc. Still, there needs to be more
literature on the innovations in supply chains that can build resilient food chains to last long and
compete in the post-pandemic scenario. Thus, studies are also required to explore supply chain
innovations for the food sector. The current research employed a stepwise weight assessment ratio
analysis (SWARA) to assess the supply chain innovations that can develop resilient food supply
chains. This study is a pioneer in using the SWARA application to evaluate supply chain innovation
and identify the most preferred alternatives. The results from the SWARA show that ‘Business
strategy innovations’ are the most significant innovations that can bring resiliency to the food supply
chains, followed by ‘Technological innovations.’ The study provides insights for decision makers to
understand the significant supply chain innovations to attain resilience in food chains and help the
industry to survive and sustain in the long run.

Keywords: food supply chains; supply chain innovations; digital technologies; resilience; food security

1. Introduction

The pandemic triggered the discussion on the global vulnerability of food supply
chains (FSCs) [1,2]. Global and local supply chains were disrupted and food security
challenges emerged. The global lockdown restrictions have diverse impacts on the FSC
and thus need innovative practices to keep the pace of supply chains running [3]. To
address the challenges now and in the future, a shift toward resilient FSCs is a must [4].
The pandemic has brought an opportunity to rebuild an ecological balance and cultivate an
ecosystem for a sustainable and resilient food system for better and healthy human lives.
To develop a sustainable system, food supply chain innovation should be the priority [5,6].
Food supply chain innovation signifies the transformation through innovation in processes,
technologies, and food networks as the result of food consumption patterns and improvises
the stakeholder’s value [7,8]. The global and domestic FSC needs to be distinguished, and
so do its impacts. In domestic FSCs, it is beneficial to differentiate between SMEs primarily
involved in food processing, logistics, food stock trading, and consumer retailing. The

Sustainability 2023, 15, 4924. https://doi.org/10.3390/su15064924 https://www.mdpi.com/journal/sustainability

https://doi.org/10.3390/su15064924
https://doi.org/10.3390/su15064924
https://creativecommons.org/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://www.mdpi.com/journal/sustainability
https://www.mdpi.com
https://orcid.org/0000-0003-4748-5001
https://orcid.org/0000-0001-6491-1389
https://orcid.org/0000-0001-9199-671X
https://orcid.org/0000-0001-7571-1331
https://orcid.org/0000-0002-7745-9667
https://doi.org/10.3390/su15064924
https://www.mdpi.com/journal/sustainability
https://www.mdpi.com/article/10.3390/su15064924?type=check_update&version=2


Sustainability 2023, 15, 4924 2 of 21

other category includes big firms involved in FMCG food retailing business, super-marts,
and inter-state logistics businesses [9]. With the change in trends, supply chain innovation
is widely practiced by domestic SMEs, and they are growing to become the major actor in
supplying food items to consumers in developing countries [10]. In South Asia and Africa,
domestic supply chains have an estimated 75% to 91% of overall food consumption, of
which the key emanates through SME-subjugated supply chains.

Global FSCs account for 18% to 21% of overall food consumption and exhibit a direct
relationship between industrial growth and GDP. However, the pandemic has adversely
impacted SMEs due to high labor intensity. The impact of the pandemic on supply chains
is rooted in labor-intensive segments [11].

The situation of supply chains in developed nations is more resilient because of their
capital-intensive nature. Large companies can mitigate risk and optimize more flexible
processes by switching global sourcing [12]. A primary concern is about COVID-19’s impact
on trade on perishable FSCs. The pandemic has mixed effects on domestic FSCs [13–15].

Moreover, the challenges, including climate change, waste generation, and resource
scarcity, are faced by humans that require urgent attention from all stakeholders. Therefore,
a need for a new era, wherein the blending of social, environmental, and economic progress
determines the sustainable growth of the economy is required [16]. Sharma et al. [17] stated
that the digitalization of the industry has the potential to unlock the development of sus-
tainable production, transparency, and resource efficiency. In the era of Industry 4.0, there
has been a change in data management, real-time decision making, innovative practices for
enhancing the end-of-life, increasing the shelf life of perishable products, etc. [18].

With technological support, organizations may enhance their sustainable production
and consumption [19]. Past studies have conducted research in identifying the barrier
to resilient FSCs [20–23]. However, how innovative practices, such as digital technology
implementation, will affect the resilience of the food supply chain still needs to be explored.

Implementing digital technologies is still in the emerging economies′ beginning era
and needs assessment. With the advancement in digital technologies, food waste manage-
ment can lead to the achievement of sustainable supply chains. Food waste management
and circularity may enhance the value chain to reduce GHG emissions [24]. However,
the consumption patterns of food products are responsible for various environmental and
climate changes, which adversely affect the life pattern of human lives and compromise
future generations.

Joshi et al. [25] mentioned that the agri-food supply chain (AFSC) is at risk due to
multiple disruptions. Past studies discussed the challenges of deploying circular food
supply chains; Kumar et al. [26] discussed circular food supply chains using Industry
4.0 technologies [27,28]. The integration of digital technologies in the food sector has
the potential to revolutionize sustainable production and consumption practices [29].
Kamble et al. [30] elaborated on modeling IoT adoption challenges of retail food sup-
plies and food waste management using the digitalization process [31]. Due to the limited
literature support [32–34], there needs to be more evidence in the literature that highlights
the innovations or innovative practices that have the potential to develop resilient FSCs.

Supply chains need to be evaluated from a different perspective, but more data are
required on innovative practices that may build resilient FSCs in developing nations.

Innovation has an essential role in developing sustainable and futuristic food supply
chains. Considering the AFSC’s intricacy and the perishability of food products, the present
study intends to explore the answer to the following research queries:

(1) What are the critical innovative practices that may develop resilient FSCs in emerging
economies, such as India?

(2) What are the most effective innovative practices to enhance resilience in FSCs?
(3) How do priority strategies improve innovative practices’ resilience in FSCs?

While past research examines the food and circular supply chains, studies have yet to
be conducted on the innovation practices to develop the resilient FSCs. Additionally, there
needs to be more studies that offer strategic solutions to enhance resilience in FSCs through
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innovations. Our study has proposed a framework to identify and assess the innovation
practices to develop a resilient FSC in an emerging economy, such as India. This study has
employed the SWARA method [35–37].

The proposed framework has been evaluated based on the judgment of decision-
makers from the food industry. The critical implications of the study are the pioneering
work in exploring ways to bring resilience to FSCs. The study offers the following key
contributions:

# Identification of supply chain innovations in FSCs;
# The inter-relationship between supply chain innovations and resilience in FSCs.

The subsequent sections of the paper are placed in the following order. Section 2
discusses the literature review of FSCs. Section 3 explains the research methodology
adopted in the study. The results obtained from the research methods are discussed in
Section 4. Section 5 gives details on the findings and discusses its implications. Section 6
concludes the study.

2. Literature Review

The section explored the literature on FSCs through a comprehensive review of the
previous papers. The initial search results were 191 research documents. As the first step,
the process of systematic literature review (SLR), which aims to reduce duplicate records,
resulted in 102 unique research articles, which were further reduced to 71 papers after the
exclusion of irrelevant articles. Finally, after reading abstract, 49 papers were shortlisted
for literature analysis. As the final step of the SLR, data mining was carried out through
a critical review of the published articles. The search was related to “food supply chain”,
“agri-food supply chain”, “digitalization”, “Industry 4.0”, “Innovation,”, and “Resilience”.
The combination of search strings was used for a comprehensive search of relevant articles
using the Scopus database. The timeline for the SLR was ten years, between 2020–2022.
The data collection was carried out in March–April 2022.

Food Supply Chains and Resilience

During the world Rio summit (1992), world leaders broadly agreed to the continuous
deterioration of the ecological environment due to unsystematic patterns. As mentioned in
a report by the European Commission, the relevance of sustainable practices is in economic
changes and sustainable growth of economic systems [38]. Global food wastage accounts
for around one-third of the overall production, which is 1.3 billion tons per annum. As
cited in past research, the size of food waste is a matter of great concern for developing
economies and developed countries [39]; although, the causes of wastage are diverse [40,41].
Due to structural differences, few forms of food waste are inappropriate for consumption
and hence require reprocessing for value recovery [42].

On the other side, environmental threats and hygiene problems are related to food
waste management [43]. Additionally, it is challenging to evaluate the cost of wastage at
multiple phases of the value chain [44]. The inclusion of advanced technologies has the po-
tential to support agri-food firms in addressing challenges and value creation [45]. Consid-
ering the ominous socio-ecological issues in the ecosystem, more than short-term changes or
adjustments are needed to foster unsustainability challenges. Instead, a technology-driven
systematic approach can address the problem [46]. Thus, there is a need to support the
technology with the sustainable consumption patterns of the consumers with a stringent
policy framework [47]. The two primary global economic agendas include food loss and
waste reduction, as more than thirty-three percent of global food production is either
wasted or lost due to the mismanagement of existing food chains [48]. The imperative
statistics highlight the need to develop a broader SPC framework for food chains [49]. How-
ever, FSCs face several issues due to complex internal and external indicators [50]. Other
unique challenges linked to food supply chains broadly include pre-harvesting seasonality,
high regularity, perishability, warehousing, in-transit losses and damages, adulteration,
recycling, and reuse [51]. These challenges escalate with the change in food consumption
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patterns [52]. Furthermore, comprehending the essence of food waste and its appropriate
management presents another significant obstacle. The COVID-19 outbreaks have made
the resilience of the supply chain a primary concern.

There is a need for agility and responsiveness in the supply chains to respond im-
mediately to a variety of disruptions (viz., change in demand, inventory shortages, low
inventory turnover, and reduction in productivity) [53]. According to the study conducted
by Scholten [54], there are various causes of supply chain disruption (including natural
disasters, logistics delays, price variation, cyber-attacks, and product–demand misfits).
The author suggested that supply chain resilience can be evaluated across all phases of
disruption. Additionally, the arguments opposing the presence of equilibrium gave rise to
adaptive resilience. Therefore, resilience is viewed as a situational capability developed
through continuous learning and adaptations drawn from disruptions [55]. The previous
literature on supply chain resilience has been expanded drastically in the aftermath [56].
However, [57,58] claimed that further research is needed to understand how supply chains
build resilience. Therefore, this study extends the literature on supply chain innovations
that help develop resilient FSCs in an emerging economy, such as India. Based on the
literature review, the experts explore and validate the innovation practices in the supply
chains. The classification of the innovations in supply chains for building resilient supply
chains is shown in Table 1.

Table 1. Supply chain innovations in building resilient food supply chains.

Criteria Sub-Criteria Implied Meaning References

Social innovations (C1)

Awareness and technological education (C1-1)
The involvement of the workforce in creating and
sustaining value chains has become a prominent
feature in food supply chains. The purpose of the
transformation is to improve the labor shortfall
challenge and also to improve worker safety.

[59–61]
Safety of labor workforce (C1-2)

Workforce replacement flexibility with
automated machines (C1-3)

Workforce sourcing flexibility (C1-4)

Business strategy
innovations (C2)

Customer segmentation and marketing
flexibility (C2-1)

A strategic framework for multiple alternatives
sourcing and supply is required. Additionally, the
strategic vision of a collaborative environment is
needed.

[62–64]

Multisource to mitigate supply chain risk(C2-2)

Inventory and capacity buffers (C2-3)

Logistics planning and shipment
flexibility (C2-4)

Collaboration with the government (C2-4)

Multiple supply locations to reduce risk (C2-5)

Emergency food hubs (C2-6)

Governance (C2-7)

Technological
interventions
and innovations
(C3)

Data analytics (C3-1)

Development and usage of digital solutions for
emergencies. With advanced technological
innovations, customer satisfaction can be
enhanced. Additionally, the increasing concern for
green and sustainable technology among the
stakeholder needs to be implemented for
developing resilient agri-food supply chains.

[65–68]

Digital technologies for improving customer
hygiene (C3-2)

Usage of E-commerce platforms for contactless
delivery (C3-3)

Food processing (C3-4)

Green technology (C3-5)

Traceability (C3-6)

Regenerative agriculture infrastructure (C3-7)

Financial resilience
innovations (C4)

Capacity development SMEs (C4-1) Support to the domestic, agri-food supply chains,
which struggle in the post-pandemic situation.
Incentives, such as a tax credit for agri-food firms
willing to transform their system in the face of
economic vulnerabilities.

[69–72]Tax credits for digitally enabled supply
chains (C4-2)

Pull incentives (C4-3)
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3. Research Methodology

The current study has followed the process, as shown in Figure 1. A step-by-step
process was followed for conducting the expert survey. An SLR was conducted to identify
the supply chain innovation practices for building a resilient FSC. With the help of the
literature review and experts’ validation, four main criteria and twenty-one sub-criteria
were finalized to be analyzed.
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Decision makers deployed mathematical modeling and sophisticated statistical analy-
sis to enhance the results’ accuracy and solve multiple managerial issues [73–77]. Business
and management [78–80], banking and insurance [81–83], computer science [84–86], health
and medical [81–83], engineering [84], energy [85,86] and oil and gas [87–90], are among
the scientific sectors that have employed it. Particularly, supply chain companies utilize
various data analysis tools to evaluate the performance rating and criteria weights because
of the dynamic nature of the business environment and its complexity. As a result, many
mathematical modeling tools can be used to evaluate risks and develop policies. These
methods, referred to as multi-criteria decision making (MCDM), have gained widespread
acceptance as an effective way to balance several factors while choosing from a constrained
set of possibilities. In the literature, various MCDM techniques (ANN, TOPSIS, fuzzy MIC-
MAC, etc.) are used for various industries in their operations and decision-making in the
supply chain, including the construction of supply chain management [85–87], process op-
timization [88,89], hospital and tourism [90], agri-food supply chain management and food
security [91–93], supply chain risk assessment [94], supplier selection [95,96], and green
and sustainable supply chain management [97–99], as well as systems for health [100].

This section discusses the approach for evaluating supply chain innovation to create
a resilient food supply chain. The MCDM technique, the SWARA, is used to identify the
preferred methods for constructing the resilient food supply chain. Various operations and
supply chain management applications, such as risk assessment [101–103], humanitarian
supply chain management [104–107], and environmental policies [108,109], have been
studied in the past, as well as strategic relationships and product innovation [110–112]
and operational performance [113]. The SWARA method is employed to determine the
preferences of the enablers. Several steps have been taken to understand supply chain in-
novations in creating resilient agri-food supply chains, including designing questionnaires
for experts and practitioners, having conversations with agri-food specialists, analyzing
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agri-farm reports, and searching relevant databases. This section includes the study’s
methodology, data collection, and expert selection.

This section discussed the process for assessing the supply chain innovations for
building resilient food supply chains. The SWARA method is employed to ascertain the
preferences of the enablers. Several procedures have been taken to understand further
the enablers, including designed questionnaires for experts and practitioners, discussions
with agri-food specialists, analysis of agri-food reports, and searches of pertinent databases.
This section includes the study’s methodology, information gathering, and expert selection.

The SWARA is employed to rank the practices that may enhance the resilience of
FSCs. The SWARA is one of the methods that can overcome the issues related to pairwise
comparisons. With the SWARA application, the strategies are analyzed and ranked. The
SWARA application is explained in the subsequent sub-sections.

3.1. The Stepwise Weight Assessment Ratio Analysis (SWARA) Method

The SWARA method is advantageous over the other MCDM techniques, as it gives
the experts a lot of opportunity for their selection based on the existing situation of world
economies. The method uses small comparisons vis-à-vis other MCDM techniques, includ-
ing AHP, ANP, etc. The process has the following steps:

• Step 1: The criteria are arranged based on expert opinion.

The study took the ideas of 20 experts and further sorted the criteria in descending
chronology.

• Step 2: Weightage criteria specification.

Corresponding values of the jth criterion in correspondence with the previous (j − 1)
criterion through comparative values of the average value (sj) ratio.

• Step 3: Co-efficient calculations KJ:

k j =

{
1 j = 1

sj + 1 j > 1
(1)

• Step 4: Recalculated weight wj:

Wj =

{
1 j = 1

xj−1
kj

j > 1
(2)

• Step 5: Final weights:

qj =
wj

∑n
k=1 wj

(3)

where qj is the relative weight of the wth criterion and n is the criteria number.

• Step 6: Synthesis.

The global weights are evaluated by multiplying (Wj) with sub-criteria weights.

3.2. Expert Selection and Data Collection

We shared the questionnaire with experts with vast industrial experience in sup-
ply chains. The domain areas of experience include procurement managers, production
managers, suppliers, and operation managers. The author acquired the data from August–
October 2022 from agri-food firms in northern India using a standardized questionnaire
(Appendix A). The respondents, who mostly held administrative positions, were knowl-
edgeable of supply chain innovations for building resilient food supply chains and their
benefits. The professionals are employed by the agri-food sector, which offers various ser-
vices. The questionnaire was distributed to 20 specialists. Based on gender, men make up
76% of the experts. The age distribution of experts is as follows: >30 years (40%) to >40 years
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(15%), 30–35 years (27%), 36–40 years (18%), and >40 years (18%). Since India is one of the
emerging economies expanding and becoming more aware of sustainable and innovative
practices, it was chosen as the sample source. The technique has achieved acceptance on
a global basis. Thus, the study’s conclusions can be applied elsewhere [104,112,113].

Table 2 exhibits the demographics of the experts.

Table 2. Demographics of the experts.

Experts Designation Experience

E1 Production Planner >8 years

E2 Manager, Global Supply Chains >12 years

E3 Distribution Manager >12 years

E4 Operations Managers >12 years

E5 Food Control >12 years

E6 Global Operations >12 years

E7 Supply Chain Partner >12 years

E8 Food Control >12 years

E9 Manager, E-commerce Platform <10 years

E10 Food Control <10 years

E11 Global Operations <10 years

E12 Supply Chain Partner <10 years

E13 Distribution Manager <10 years

E14 Supervisor, SMEs <10 years

E15 Project Manager, SMEs <10 years

E16 Analyst/Consultant, SMEs >10 years

E17 Supply Chain Partner <10 years

E18 Supply Chain Partner <10 years

E20 Manager, E-commerce Platform >8 years

E20 Manager, E-commerce Platform >8 years

3.3. The Stepwise Weight Assessment Ratio Analysis (SWARA) Method

According to earlier research, the SWARA technique has been applied effectively in
several fields, including design, production, sales, distribution, forward logistics and supply
chains, and closed-loop activities. This approach is predicated on the implicit expertise,
practical experience, and viewpoints of subject matter specialists [108]. Since there is no set
rule, the number of experts varies and can be from three to fifteen in number [109]. This
approach is based on the significance of factors determined by specialists. According to
their knowledge, specialists rank each criterion [110]. The most crucial measure is rated 1;
the others are ranked regarding the first criteria [111]. The steps elaborate on the SWARA
methodology.

• Step 1: Putting parameters in ascending order is the first step. The expert prioritizes the
criteria in that order. The requirements are arranged in a declining rank of importance,
starting with the most important one. The criterion is the least important if it comes in last.

• Step 2: Giving the criteria a proportional weighting. Based on the overall rating,
criteria are compared. As a result, the (j + 1)th criterion is contrasted with the j-th
criterion. The mean value’s comparative advantage is known as (sj).

• Step 3: Calculating the coefficient kj. Following the analysis, kj is generated as a
parameter. In the equation, the KJ formula is displayed in Equation (4):
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k j =

{
1 j = 1

sj + 1 j > 1
(4)

• Step 4: The variable qj is computed by Equation (5):

qj =

{
1 j = 1

Kj−1
kj

j > 1
(5)

• Step 5: Criteria weights are evaluated.

Using Equation (6), the criteria weights were evaluated as:

wj =
qj

∑n
k=1 qk

(6)

wj is the j-th criterion’s relative weight. Based on the criteria, the priority vector is
determined.

3.4. Proposed Framework

The framework contains two sections. Experts define and validate the first phase’s
enablers to minimize carbon emissions. Phase two involves evaluating the SWARA en-
ablers and assigning weights to each criterion and sub-criteria. After reviewing and finding
22 facilitators in the literature review, 20 experts were consulted. There are a total of six cat-
egories created from these enablers: social innovations (C1), business strategy innovations
(C2), technological interventions and innovations (C3), and financial resilience innovations
(C4). The details of 19 enablers are mentioned in Table 1. There are questions on a prepared
questionnaire that each group must respond to (Appendix A). The two levels for which
the relative weights are decided are the primary criteria level and the sub-criteria level.
Experts establish the median values for the primary and secondary criteria. According to
Section 3.2, the authors calculated the weight computation method.

The weights of the primary criterion determined using Equations (1)–(3) are displayed
in Table 3.

Table 3. Main criteria.

Criteria (Main) Weightage Rank

C1 0.1967 3
C2 0.3836 1
C3 0.2557 2
C4 0.1639 4

4. Results

Initially, the weights of the main criteria were calculated using Equations (1)–(3) with
the SWARA application. Subsequently, the weights were calculated with the sub-criteria.
Based on the expert’s opinion, the authors found the weightage of the criteria and the mean
value of all the values. The results for the main criteria are exhibited in Table 3.

The experts also evaluated the sub-criteria and the results are shown in Table 4.
Whereas, Table 5 discuss the Ranking of the criteria and sub-criteria
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Table 4. Sub-criteria.

Main Criteria Sub-Criteria Weight Priorities

C1

C1-1 0.2624
C1-2 0.3674
C1-3 0.2019
C1-4 0.1682

C2

C2-1 0.1207
C2-2 0.1961
C2-3 0.2648
C2-4 0.0795
C2-5 0.1509
C2-6 0.1006
C2-7 0.0875

C3

C3-1 0.1485
C3-2 0.2907
C3-3 0.0928
C3-4 0.2005
C3-5 0.1160
C3-6 0.0714
C3-7 0.0800

C4

C4-1 0.4567
C4-2 0.3150
C4-3 0.3150

Table 5. Ranking of the criteria and sub-criteria.

Major Criteria Relative Weight
(Main Criteria) Sub-Criteria Relative Weight

(Sub-Criteria)
Global

Weights Ranking

C1 0.1967

C1-1 0.2624 0.0516 6
C1-2 0.3674 0.0723 4
C1-3 0.2019 0.0397 9
C1-4 0.1682 0.0331 14

C2 0.3836

C2-1 0.1207 0.0463 8
C2-2 0.1961 0.0752 2
C2-3 0.2648 0.1016 1
C2-4 0.0795 0.0305 15
C2-5 0.1509 0.0579 4
C2-6 0.1006 0.0386 10
C2-7 0.0875 0.0336 13

C3 0.2557

C3-1 0.1485 0.0380 11
C3-2 0.2907 0.0743 3
C3-3 0.0928 0.0237 16
C3-4 0.2005 0.0513 7
C3-5 0.1160 0.0297 15
C3-6 0.0714 0.0183 18
C3-7 0.0800 0.0205 17

C4 0.1639
C4-1 0.4567 0.0749 2
C4-2 0.3150 0.0516 5
C4-3 0.2283 0.0374 12

Sensitivity Analysis

To determine the working of the model, it must be examined in different situations,
according to Kumar et al. [112]. In this study, a sensitivity analysis is performed by adjusting
experts’ inputs and then looking at how the results change. Based on changes in C2 weights,
other weights have been calculated; these are presented in Tables 6 and 7. The sensitivity
analysis is further explained in Figure 2.
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Table 6. Weights in different situations.

Normal Run1 Run2 Run3 Run4 Run5 Run6 Run7 Run8 Run9

C1 0.197 0.209 0.221 0.233 0.246 0.258 0.270 0.282 0.295 0.307

C2 0.384 0.345 0.307 0.269 0.230 0.192 0.153 0.115 0.077 0.038

C3 0.256 0.272 0.288 0.303 0.319 0.335 0.351 0.367 0.383 0.399

C4 0.164 0.174 0.184 0.194 0.205 0.215 0.225 0.235 0.246 0.256

Table 7. Sensitivity analysis.

Normal Run1 Run 2 Run 3 Run4 Run5 Run6 Run7 Run8 Run9

C1-1 6 6 5 6 5 6 5 5 5 5

C1-2 4 4 3 4 4 4 3 4 4 4

C1-3 9 11 10 10 11 9 9 10 10 10

C1-4 14 13 12 11 13 12 13 12 12 13

C2-1 8 10 8 8 9 9 8 8 8 8

C2-2 2 3 3 2 2 3 2 2 2 2

C2-3 1 1 2 1 2 1 1 1 1 1

C2-4 15 18 17 14 15 16 15 14 15 15

C2-5 4 8 6 7 6 5 4 6 5 6

C2-6 10 14 14 11 10 11 12 10 11 11

C2-7 13 17 16 13 15 13 14 13 13 14

C3-1 11 9 9 9 12 10 10 11 9 9

C3-2 3 2 3 3 3 3 3 2 3 3

C3-3 16 15 15 15 16 16 17 15 16 16

C3-4 7 7 6 6 7 6 7 7 7 7

C3-5 15 16 13 16 17 17 16 17 16 16

C3-6 18 20 19 18 19 19 20 19 19 19

C3-7 17 19 18 20 18 18 18 18 20 18

C4-1 2 2 2 2 2 3 2 2 2 2

C4-2 5 6 5 4 5 5 5 6 5 5

C4-3 12 12 11 12 14 14 13 15 15 13

The sensitivity analysis shows consistency in the ranking. The incremental change
has not changed any of the results, demonstrating the robustness of the model. Figure 2
illustrates the sensitivity analysis using a radar diagram.
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5. Discussion of Findings

The research study evaluated the supply chain innovations for developing resilient
FSCs and ranked the practices using the SWARA method. The work can be proven
significant for agri-food firms, decision-makers, and other stakeholders to strengthen
their FSCs. Table 3 presents results for the main criteria and according to the obtained
weights, ‘Business strategy innovation’ (C2) is the most significant supply chain innovation
needed to build a resilient FSC. Based on the weights obtained for all criteria, the order
of the criteria is C2> C3 > C1 > C4. The weights obtained by the criteria are C1 (0.1967),
C2 (0.3836), C3 (0.2557), and C4 (0.1639). Similarly, the sub-criteria’s weightage is calculated
and presented in Table 4. Table 5 shows the value obtained for the main criteria and their
rankings, exhibiting that business strategy innovation (C2) is the most important criterion
and inventory and capacity buffers (C2-3) are the most significant sub-criteria. The study
found that industries worldwide are profoundly disrupted due to the extreme effect of the
pandemic. Thus, there is a need for innovations in the supply chains that can deal with the
new environment and develop resilient FSCs [113]. The FSC needs to change its supply
chain practices and focus on enhancing buffer capacity. This buffer capacity may be in the
form of underutilized production facilities or excess inventory/safety stock requirements.
This enhanced capacity is the most straightforward way to enhance resilience in FSCs, as
this will help to balance the supply in the most disturbing time. Capacity development
SMEs (C4-1) are ranked as the second most crucial sub-criteria for developing resilience in
the food supply chains. It is also known that supply chain resilience is vital for food security
in emerging economies, as SMEs mostly dominate the market. Due to the vulnerability
to COVID-19 disaster-related effects and the lack of large enterprises and global value
chains, SMEs are disrupted. Multisource, diversifying input is also ranked second in the
ranking (C2-2). The study highlights that multiple supply locations are also required to
reduce risk (C2-4). With the increase in the size of multisource, the dependency has to be
limited for resilience in the FSC. Today’s FSCs needs to be developed with collaboration
across supply chain partners capable of coordinating with food producers, trading firms,
corporates, and other external parties that gradually strengthen the value chains and make
them more agile and resilient. Additionally, integration in the food supply chain helps the
stakeholder to increase their financial performance by creating more value and competitive
advantage, along with ecological sustainability. Overall sustainability leads to lowering
carbon footprints and the risk of food waste [114–117]; thus, multisource, diversifying
input (C2-2) is the topmost priority.
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The impact of digital technologies on data management, real-time decision-making,
and innovative practices are the significant changes that have positively changed the end-
of-life of the products. If organizations implement digital technologies, it may enhance their
resilience and reduce food loss and wastage [118]. The firms are introducing technologies
that improve hygiene for customers [119]. The pandemic has changed people’s lives, and
thus technological innovation needs to redesign their practices according to the customers’
choices [120,121]. Customers are the main stakeholders in bringing change in consumption;
hence, firms should implement digital technologies to communicate and interact directly
with them and aim to reduce contact to a minimum for the delivery of the products and
communication [122]. Additionally, green technology is needed to bring sustainable out-
comes in the future [123–128]. E-commerce communication will help promote sustainable
consumption education and arouse a sense of responsibility among them [129–134].

The current study highlights the need for green technology and traceability in food
supply chains, which are practical technology innovations that may bring significant results
in supply chains. Mensi and Udenigwe [135] discuss how multi-sector collaboration can
help various food retail Internet economies contribute significantly toward sustainable food
waste recovery and reducing food waste. Jagtap and Duong [136] discuss using big data to
enhance product network design. Further, Anshu et al. [137] explain various applications
of data modeling techniques, managing inventory turnovers, improving sales volumes
and increasing the food retailing experience of consumers (product offerings and cash
discounts) in superstores, and improving food security. The usage of data analytics for
predicting demand, sustainable supplier selection, and engagement has been an area of
extensive research [128–137]. A few empirical works have proven that big data contributes
positively to sustainable food supply chains [138–143].

Implications

The study identified the main areas where innovation practices can be undertaken
to build resilience in the FSC. The supply chains need to introduce flexibility in multiple
locations, sources and labor access, selection of sustainable technology, financial stability,
e-platforms, tax credits, etc., to make agri-food SMEs and domestic supply chains more
resilient. Additionally, the emergence of e-commerce for B2C is helping agri-food food
SMEs to spread the scope.

Food waste is a significant challenge for developing nations and developed countries.
Only some forms of food waste are appropriate for consumption and hence require re-
processing for value recovery. Additionally, there are environmental threats and hygiene
problems related to food waste management. The inclusion of advanced technologies
can support firms in addressing challenges and value creation. With the help of digital
technologies such as BDA, IoT, and AI, food waste reduction can be minimized through
traceability, information sharing, and appropriate decision-making support.

Governments and development need to support growth toward infrastructure that can
enable a business environment for agri-food SMEs and global supply chains to collectively
contribute to resilience, enhance food security, and reduce food waste during the recovery
phase to rebuild the future. This study also suggests that digital technologies can enlighten
supply chain actors and accept initiatives in food supply chains. Apps and digital cam-
paigns may enhance the capabilities of food supply chains. This study gives a foundation
for the platform to generate awareness among stakeholders toward adopting a resilient
pathway for the AFSC. This study offers insights into decision-makers, policymakers, and
industry decision-makers to manage the identified significant barriers that affect the im-
plementation of digital technologies for sustainable production and consumption in food
supply chains.
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6. Conclusions and Limitations

The study has shown the assessment of the supply chain innovation toward devel-
oping resilient food supply chains. Supply chains have been evaluated from a different
perspective, but more data are needed on innovative practices that may build resilient FSCs
in developing nations. The study aims to explore and assess the supply chain innovations
of resilient FSCs. The current study proposed a framework to identify and evaluate the
innovation practices to develop a resilient FSC in an emerging economy, such as India. The
proposed framework has been assessed based on the judgment of decision-makers from
the food industry using the SWARA method. The critical implications of the study are the
pioneering work exploring ways to bring resilience to FSCs. This study benefits the firms,
decision-makers, and other stakeholders to strengthen their FSCs and consider the areas
to be focused on. The study’s findings suggest that ‘Business strategy innovation’ (C2) is
the most significant supply chain innovation needed to build resilient FSCs, followed by
technological innovations (C3). Inventory and capacity buffers (C2-3) were found to be the
most considerable sub-criteria. The study found that the FSCs need to introduce flexibility
in multiple locations, sources and labor access, selection of sustainable technology, financial
resilience, e-platforms, tax credits, etc., to make SMEs and domestic supply chains resilient.

This is likely the first study to examine how supply chain innovation works toward
developing resilient food supply chains. Given the methodology employed, this study
has certain drawbacks. First of all, even though the present study has taken into account
several studies to identify the components of the AFSC and resilient supply chains utilizing
innovations, agri-food supply chains are complex, complicated in their structure, and
may differ from stakeholders’ perspectives. The supply chain and associated procedures
will also undergo fundamental changes as a result of upcoming advancements in digital
technology, which will directly impact supply chain innovation and agri-food resilience.
Second, the study’s approach, which focused on AFSCs and related industries in India, can
only be directly transferred to other sectors with modifications. As a result, research in
other fields should be conducted to ascertain how these enablers affect other industries.
Third, the findings of this study can be statistically confirmed in further research. There
are some limitations, specifically to the analyzed setting, which is limited to a sample of
firms operating in the supply chain integration, food waste management, digitalization
management, and information sharing. Future studies can further extend the proposed
model to other industries sectors, such as manufacturing and services, for enhancing
resiliency.
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3. Experience_________
4. Please complete Table A2 as per the following steps based on the codes mentioned in

Table A1
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i. Arrange criteria (j) in descending order based on their relative significance.
ii. Assign the criteria with value; 1 (the highest importance).
iii. From the second criterion onwards, please rate the relative significance of criterion j

w.r.t the (j + 1) criterion.

Table A1. List of the main criteria and sub-criteria.

Main Criteria Implied Meaning Sub Criteria References

Social innovations (C1)

The involvement of the workforce in the creation and
sustaining of the value chains have become a prominent
feature in food supply chains. The purpose of the
transformation is to improve the labor shortfall
challenge and also to improve worker safety.

C1-1: Awareness and technological
education

[49–51]
C1-2: Safety of labor workforce

C1-3: Workforce replacement flexibility
with automated machines

C1-4: Workforce sourcing flexibility

Business strategy
innovations (C2)

A strategic framework for multiple alternatives
sourcing, and supply is required. Additionally,
the strategic vision of a collaborative environment
is needed

C2-1: Customer segmentation and
marketing flexibility

[52–54]

C2-2: Multisource to mitigate supply
chain risk

C2-3: Inventory and capacity buffers

C2-4: Logistics planning and
shipment flexibility

C2-5: Collaboration with
the government

C2-6: Multiple supply locations to
reduce risk

C2-7: Emergency food hubs

C2-8: Governance

Technological interventions
and innovations
(C3)

Development and usage of digital solutions for
emergency situations. With advanced technological
innovations, customer satisfaction can be enhanced.
Additionally, the increasing concern toward green and
sustainable technology among the stakeholder needs
to be implemented for developing resilient agri-food
supply chains

C3-1: Data analytics

[55–58]

C3-2: Digital technologies for
improving customer hygiene

C3-3: Usage of E-commerce platforms
for contactless delivery

C3-4: Food processing

C3-5: Green technology

C3-6: Traceability

C3-7: Regenerative agriculture
infrastructure

Financial resilience
innovations (C4)

Support to the domestic, agri-food supply chains
which are struggling in the post-pandemic situation.
Incentives and tax credits for agri-food firms that are
willing to transform their system in the face of
economic vulnerabilities.

C4-1: Capacity development SMEs

[59–62]C4-2: Tax credits for digitally enabled
supply chains

C4-3: Pull incentives

Table A2. Main Criteria and Sub-Criteria.

Main Criteria Sub Criteria

Social
Innovations

(C1)

Relative
Significance . . . . . . .

Financial
Resilience

Innovations
(C4)

Relative
Significance

C1-1: Awareness and
Technological

Education

Relative
Significance . . . C4-3: Pull

Incentives
Relative

Significance

• Computations for the experts group using the SWARA method
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Table A3. Calculation of the main criteria.

Main Criteria
Comparative

Importance of
Average Value (Sj)

Coefficient (Kj = Sj + 1) Recalculated Weight
(Wj = Xj − 1/Kj) Weight qj = Wj/∑ Wj

C2 —– 1.000 1.000

C3

C1

C5

C6

C4

Table A4. Sub-criteria C1.

Sub Criteria
Comparative

Importance of
Average Value (Sj)

Coefficient (Kj = Sj + 1) Recalculated Weight
(Wj = Xj − 1/Kj) Weight qj = Wj/∑ Wj

C1-1

C1-2

C1-3

C1-4

C1-5

C1-6

Table A5. Sub-criteria C2.

Sub Criteria
Comparative

Importance of
Average Value (Sj)

Coefficient (Kj = Sj + 1) Recalculated Weight
(Wj = Xj − 1/Kj) Weight qj = Wj/∑ Wj

C2-1

C2-2

Table A6. Sub-criteria C3.

Sub Criteria
Comparative

Importance of
Average Value (Sj)

Coefficient (Kj = Sj + 1) Recalculated Weight
(Wj = Xj − 1/Kj) Weight qj = Wj/∑ Wj

C3-1

C3-2

Table A7. Sub-criteria C4.

Sub Criteria
Comparative

Importance of
Average Value (Sj)

Coefficient (Kj = Sj + 1) Recalculated Weight
(Wj = Xj − 1/Kj) Weight qj = Wj/∑ Wj

C4-1

C4-2
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Table A8. Sub-criteria C5.

Sub Criteria
Comparative

Importance of
Average Value (Sj)

Coefficient (Kj = Sj + 1) Recalculated weight
(Wj = Xj − 1/Kj) Weight qj = Wj/∑ Wj

C5-1

C5-2

C5-3

C5-4

C5-5

Table A9. Sub-criteria C6.

Sub Criteria
Comparative

Importance of
Average Value (Sj)

Coefficient (Kj = Sj + 1) Recalculated Weight
(Wj = Xj − 1/Kj) Weight qj = Wj/∑ Wj

C6-1

C6-2

C6-3

References
1. Khan, S.A.R.; Razzaq, A.; Yu, Z.; Shah, A.; Sharif, A.; Janjua, L. Disruption in food supply chain and undernourishment challenges:

An empirical study in the context of Asian countries. Socio-Econ. Plan. Sci. 2022, 82, 101033. [CrossRef]
2. Xu, Z.; Elomri, A.; El Omri, A.; Kerbache, L.; Liu, H. The compounded effects of COVID-19 pandemic and desert locust outbreak

on food security and food supply Chain. Sustainability 2021, 13, 1063. [CrossRef]
3. Cardoso, B.; Cunha, L.; Leiras, A.; Gonçalves, P.; Yoshizaki, H.; de Brito Junior, I.; Pedroso, F. Causal Impacts of Epidemics and

Pandemics on Food Supply Chains: A Systematic Review. Sustainability 2021, 13, 9799. [CrossRef]
4. Jia, M.; Zhen, L.; Yang, W.; Wang, S. Changing Food Consumption Pattern and Influencing Factors in Bangladesh. Foods 2023, 12,

401. [CrossRef] [PubMed]
5. Kwak, D.W.; Seo, Y.J.; Mason, R. Investigating the relationship between supply chain innovation, risk management capabilities

and competitive advantage in global supply chains. Int. J. Oper. Prod. Manag. 2018, 38, 2. [CrossRef]
6. Lee, J.Y.; Ren, L. Vendor-managed inventory in a global environment with exchange rate uncertainty. Int. J. Prod. Econ. 2011, 130,

169–174. [CrossRef]
7. Akter, S. The impact of COVID-19 related ‘stay-at-home’ restrictions on food prices in Europe: Findings from a preliminary

analysis. Food Secur. 2020, 12, 719–725. [CrossRef]
8. Hahn, G.J. Industry 4.0: A supply chain innovation perspective. Int. J. Prod. Res. 2020, 58, 1425–1441. [CrossRef]
9. Sharma, M.; Kumar, A.; Luthra, S.; Joshi, S.; Upadhyay, A. The impact of environmental dynamism on low-carbon practices

and digital supply chain networks to enhance sustainable performance: An empirical analysis. Bus. Strategy Environ. 2022, 31,
1776–1788. [CrossRef]

10. Wang, J.; Ding, X.; Gao, H.; Fan, S. Reshaping Food Policy and Governance to Incentivize and Empower Disadvantaged Groups
for Improving Nutrition. Nutrients 2022, 14, 648. [CrossRef]

11. Joshi, S.; Sharma, M.; Das, R.P.; Muduli, K.; Raut, R.; Narkhede, B.E.; Shee, H.; Misra, A. Assessing Effectiveness of Humanitarian
Activities against COVID-19 Disruption: The Role of Blockchain-Enabled Digital Humanitarian Network (BT-DHN). Sustainability
2022, 14, 1904. [CrossRef]

12. Reardon, T.; Zilberman, D. Climate Smart Food Supply Chains in Developing Countries in an Era of Rapid Dual Change in
Agrifood Systems and the Climate. In Climate Smart Agriculture: Building Resilience to Climate Change; Lipper, L., McCarthy, N.,
Zilberman, D., Asfaw, S., Branca, G., Eds.; Springer: Cham, Switzerland, 2018; Volume 52.

13. Do, Q.N.; Mishra, N.; Wulandhari, N.B.I.; Ramudhin, A.; Sivarajah, U.; Milligan, G. Supply chain agility responding to
unprecedented changes: Empirical evidence from the UK food supply chain during COVID-19 crisis. Supply Chain Manag. Int. J.
2021, 26, 737–752. [CrossRef]

14. Abor, J.; Quartey, P. Issues in SME development in Ghana and South Africa. Int. Res. J. Financ. Econ. 2010, 39, 215–228.
15. Christiaensen, L.; Rutledge, Z.; Taylor, J.E. The future of work in agri-food. Food Policy 2021, 99, 101963. [CrossRef]
16. Koop, S.H.A.; van Leeuwen, C.J. The challenges of water, waste and climate change in cities. Environ. Dev. Sustain. 2017, 19,

385–418. [CrossRef]

http://doi.org/10.1016/j.seps.2021.101033
http://doi.org/10.3390/su13031063
http://doi.org/10.3390/su13179799
http://doi.org/10.3390/foods12020401
http://www.ncbi.nlm.nih.gov/pubmed/36673493
http://doi.org/10.1108/IJOPM-06-2015-0390
http://doi.org/10.1016/j.ijpe.2010.12.006
http://doi.org/10.1007/s12571-020-01082-3
http://doi.org/10.1080/00207543.2019.1641642
http://doi.org/10.1002/bse.2983
http://doi.org/10.3390/nu14030648
http://doi.org/10.3390/su14031904
http://doi.org/10.1108/SCM-09-2020-0470
http://doi.org/10.1016/j.foodpol.2020.101963
http://doi.org/10.1007/s10668-016-9760-4


Sustainability 2023, 15, 4924 17 of 21

17. Sharma, M.; Luthra, S.; Joshi, S.; Kumar, A. Developing a framework for enhancing survivability of sustainable supply chains
during and post-COVID-19 pandemic. Int. J. Logist. Res. Appl. 2022, 25, 433–453. [CrossRef]

18. Sharma, M.; Joshi, S.; Luthra, S.; Kumar, A. Managing disruptions and risks amidst COVID-19 outbreaks: Role of blockchain
technology in developing resilient food supply chains. Oper. Manag. Res. 2021, 15, 268–281. [CrossRef]

19. Unhelkar, B.; Joshi, S.; Sharma, M.; Prakash, S.; Mani, A.K.; Prasad, M. Enhancing supply chain performance using RFID
technology and decision support systems in the industry 4.0- A systematic literature review. Int. J. Inf. Manag. Data Insights 2022,
2, 100084. [CrossRef]

20. Shanker, S.; Barve, A.; Muduli, K.; Kumar, A.; Garza-Reyes, J.A.; Joshi, S. Enhancing resiliency of perishable product supply
chains in the context of the COVID-19 outbreak. Int. J. Logist. Res. Appl. 2022, 22, 1219–1243. [CrossRef]

21. Joshi, S.; Sharma, M.; Bartwal, S.; Joshi, T.; Prasad, M. Critical challenges of integrating OPEX strategies with I4.0 technologies in
manufacturing SMEs: A few pieces of evidence from developing economies. TQM J. 2022, ahead-of-print. [CrossRef]

22. Ghadge, A.; Er Kara, M.; Mogale, D.G.; Choudhary, S.; Dani, S. Sustainability implementation challenges in food supply chains:
A case of UK artisan cheese producers. Prod. Plan. Control 2020, 32, 1191–1206. [CrossRef]

23. Michel-Villarreal, R.; Vilalta-Perdomo, E.L.; Canavari, M.; Hingley, M. Resilience and digitalization in short food supply chains: A
case study approach. Sustainability 2021, 13, 5913. [CrossRef]

24. Mak, T.M.W.; Xiong, X.; Tsang, D.C.W.; Iris, K.M.; Poon, C.S. Sustainable food waste management towards circular bioeconomy:
Policy review, limitations and opportunities. Bioresour. Technol. 2020, 297, 122497. [CrossRef] [PubMed]

25. Joshi, S.; Singh, R.K.; Sharma, M. Sustainable agri-food supply chain practices: Few empirical evidences from a developing
economy. Glob. Bus. Rev. 2020. [CrossRef]

26. Kumar, S.; Raut, R.D.; Nayal, K.; Kraus, S.; Yadav, V.S.; Narkhede, B.E. To identify industry 4.0 and circular economy adoption
barriers in the agriculture supply chain by using ISM-ANP. J. Clean. Prod. 2021, 293, 126023. [CrossRef]

27. Sharma, M.; Luthra, S.; Joshi, S.; Kumar, A. Green Logistics driven circular practices adoption in industry 4.0 era: A moderating
effect of institution pressure and supply chain flexibility. J Clean. Prod. 2023, 383, 135284. [CrossRef]

28. Joshi, S.; Sharma, M. Digital technologies (DT) adoption in agri-food supply chains amidst COVID-19: An approach towards
food security concerns in developing countries. J. Glob. Oper. Strateg. Sourc. 2021, 15, 262–282. [CrossRef]

29. Li, Y.; Dai, J.; Cui, L. The impact of digital technologies on economic and environmental performance in the context of industry
4.0: A moderated mediation model. Int. J. Prod. Econ. 2020, 229, 107777. [CrossRef]

30. Kamble, S.S.; Gunasekaran, A.; Parekh, H.; Joshi, S. Modeling the internet of things adoption barriers in food retail supply chains.
J. Retail. Consum. Serv. 2019, 48, 154–168. [CrossRef]

31. Annosi, M.C.; Brunetta, F.; Bimbo, F.; Kostoula, M. Digitalization within food supply chains to prevent food waste. Drivers,
barriers and collaboration practices. Ind. Mark. Manag. 2021, 93, 208–220. [CrossRef]

32. Orengo Serra, K.L.; Sanchez-Jauregui, M. Food Supply Chain Resilience Model for critical infrastructure collapses due to natural
disasters. Br. Food J. 2021, 124, 14–34. [CrossRef]

33. Kumar, M.; Raut, R.D.; Sharma, M.; Choubey, V.K.; Paul, S.K. Enablers for resilience and pandemic preparedness in food supply
chain. Oper. Manag. Res. 2022, 15, 1198–1223. [CrossRef]

34. Rejeb, A.; Rejeb, K.; Appolloni, A.; Iranmanesh, M.; Treiblmaier, H.; Jagtap, S. Exploring Food Supply Chain Trends in the
COVID-19 Era: A Bibliometric Review. Sustainability 2022, 14, 12437. [CrossRef]

35. Ronaghi, M.H. A blockchain maturity model in agricultural supply chain. Inf. Process. Agric. 2021, 8, 398–408. [CrossRef]
36. Joshi, S. E-Supply Chain Collaboration and integration: Implementation issues and challenges. In E-logistics and E-Supply Chain

Management: Application for Evolving Business; IGI Global: Hershey, PA, USA, 2013; pp. 9–26.
37. Dora, M.; Kumar, A.; Mangla, S.K.; Pant, A.; Kamal, M.M. Critical success factors influencing artificial intelligence adoption in

food supply chains. Int. J. Prod. Res. 2021, 60, 4621–4640. [CrossRef]
38. Kardos, M. The relationship between entrepreneurship, innovation and sustainable development. Research on European Union

countries. Procedia Econ. Financ. 2012, 3, 1030–1035. [CrossRef]
39. Ahmed, N.; Areche, F.O.; Cotrina Cabello, G.G.; Córdova Trujillo, P.D.; Sheikh, A.A.; Abiad, M.G. Intensifying Effects of Climate

Change in Food Loss: A Threat to Food Security in Turkey. Sustainability 2023, 15, 350. [CrossRef]
40. Girotto, F.; Alibardi, L.; Cossu, R. Food waste generation and industrial uses: A review. Waste Manag. 2015, 45, 32–41. [CrossRef]

[PubMed]
41. Luo, N.; Olsen, T.L.; Liu, Y. A Conceptual Framework to Analyze Food Loss and Waste within Food Supply Chains: An Operations

Management Perspective. Sustainability 2021, 13, 927. [CrossRef]
42. Sonnino, R.; McWilliam, S. Food waste, catering practices and public procurement: A case study of hospital food systems in

Wales. Food Policy 2011, 36, 823–829. [CrossRef]
43. Bhatia, L.; Jha, H.; Sarkar, T.; Sarangi, P.K. Food Waste Utilization for Reducing Carbon Footprints towards Sustainable and

Cleaner Environment: A Review. Int. J. Environ. Res. Public Health 2023, 20, 2318. [CrossRef]
44. Eriksson, M.; Ghosh, R.; Mattsson, L.; Ismatov, A. Take-back agreements in the perspective of food waste generation at the

supplier-retailer interface. Resour. Conserv. Recycl. 2017, 122, 83–93. [CrossRef]
45. Zhao, G.; Liu, S.; Lopez, C.; Lu, H.; Elgueta, S.; Chen, H.; Boshkoska, B.M. Blockchain technology in agri-food value chain

management: A synthesis of applications, challenges and future research directions. Comput. Ind. 2019, 109, 83–99. [CrossRef]

http://doi.org/10.1080/13675567.2020.1810213
http://doi.org/10.1007/s12063-021-00198-9
http://doi.org/10.1016/j.jjimei.2022.100084
http://doi.org/10.1080/13675567.2021.1893671
http://doi.org/10.1108/TQM-08-2022-0245
http://doi.org/10.1080/09537287.2020.1796140
http://doi.org/10.3390/su13115913
http://doi.org/10.1016/j.biortech.2019.122497
http://www.ncbi.nlm.nih.gov/pubmed/31818718
http://doi.org/10.1177/0972150920907014
http://doi.org/10.1016/j.jclepro.2021.126023
http://doi.org/10.1016/j.jclepro.2022.135284
http://doi.org/10.1108/JGOSS-02-2021-0014
http://doi.org/10.1016/j.ijpe.2020.107777
http://doi.org/10.1016/j.jretconser.2019.02.020
http://doi.org/10.1016/j.indmarman.2021.01.005
http://doi.org/10.1108/BFJ-11-2020-1066
http://doi.org/10.1007/s12063-022-00272-w
http://doi.org/10.3390/su141912437
http://doi.org/10.1016/j.inpa.2020.10.004
http://doi.org/10.1080/00207543.2021.1959665
http://doi.org/10.1016/S2212-5671(12)00269-9
http://doi.org/10.3390/su15010350
http://doi.org/10.1016/j.wasman.2015.06.008
http://www.ncbi.nlm.nih.gov/pubmed/26130171
http://doi.org/10.3390/su13020927
http://doi.org/10.1016/j.foodpol.2011.09.003
http://doi.org/10.3390/ijerph20032318
http://doi.org/10.1016/j.resconrec.2017.02.006
http://doi.org/10.1016/j.compind.2019.04.002


Sustainability 2023, 15, 4924 18 of 21

46. Fuchs, D.A.; Lorek, S. Sustainable consumption governance: A history of promises and failures. J. Consum. Policy 2005, 28,
261–288. [CrossRef]

47. Hobson, K. Weak’or ‘strong’sustainable consumption? Efficiency, degrowth, and the 10 Year Framework of Programmes. Environ.
Plan. C Gov. Policy 2013, 31, 1082–1098. [CrossRef]

48. Caldeira, C.; de Laurentiis, V.; Corrado, S.; van Holsteijn, F.; Sala, S. Quantification of food waste per product group along the
food supply chain in the European Union: A mass flow analysis. Resour. Conserv. Recycl. 2019, 149, 479–488. [CrossRef]

49. Lehtokunnas, T.; Mattila, M.; Närvänen, E.; Mesiranta, N. Towards a circular economy in food consumption: Food waste reduction
practices as ethical work. J. Consum. Cult. 2022, 22, 227–245. [CrossRef]

50. Papargyropoulou, E.; Lozano, R.; Steinberger, J.K.; Wright, N.; Ujang, Z.B. The food waste hierarchy as a framework for the
management of food surplus and food waste. J. Clean. Prod. 2014, 76, 106–115. [CrossRef]

51. Matzembacher, D.E.; Brancoli, P.; Maia, L.M.; Eriksson, M. Consumer’s food waste in different restaurants configuration: A
comparison between different levels of incentive and interaction. Waste Manag. 2020, 114, 263–273. [CrossRef]

52. Matzembacher, D.E.; Raudsaar, M.; Barcellos, M.D.d.; Mets, T. Business Models’ Innovations to Overcome Hybridity-Related
Tensions in Sustainable Entrepreneurship. Sustainability 2020, 12, 4503. [CrossRef]

53. Kazancoglu, I.; Ozbiltekin-Pala, M.; Mangla, S.K.; Kazancoglu, Y.; Jabeen, F. Role of flexibility, agility and responsiveness for
sustainable supply chain resilience during COVID-19. J. Clean. Prod. 2022, 362, 132431. [CrossRef]

54. Scholten, K.; Scott, P.S.; Fynes, B. Building routines for non-routine events: Supply chain resilience learning mechanisms and their
antecedents. Supply Chain Manag. Int. J. 2019, 24, 430–442. [CrossRef]

55. Manikas, I.; Sundarakani, B.; Anastasiadis, F.; Ali, B. A Framework for Food Security via Resilient Agri-Food Supply Chains: The
Case of UAE. Sustainability 2022, 14, 6375. [CrossRef]

56. Christopher, M.; Peck, H. Building the resilient supply chain. Int. J. Logist. Manag. 2017, 15, 1–14. [CrossRef]
57. Datta, P. Supply network resilience: A systematic literature review and future research. Int. J. Logist. Manag. 2017, 28, 1387–1424.

[CrossRef]
58. Kramer, M.P.; Bitsch, L.; Hanf, J. Blockchain and Its Impacts on Agri-Food Supply Chain Network Management. Sustainability

2021, 13, 2168. [CrossRef]
59. Chatterjee, S.; Chaudhuri, R. Supply chain sustainability during turbulent environment: Examining the role of firm capabilities

and government regulation. Oper. Manag. Res. 2021, 15, 1–15. [CrossRef]
60. Hervani, A.A.; Nandi, S.; Helms, M.M.; Sarkis, J. A performance measurement framework for socially sustainable and resilient

supply chains using environmental goods valuation methods. Sustain. Prod. Consum. 2022, 30, 31–52. [CrossRef]
61. Prasad, M.; Li, D.-L.; Lin, C.-T.; Prakash, S.; Singh, J.; Joshi, S. Designing Mamdani-Type Fuzzy Reasoning for Visualizing

Prediction Problems Based on Collaborative Fuzzy Clustering. IAENG Int. J. Comput. Sci. 2015, 42, 404–411.
62. Han, Y.; Xu, X.; Zhao, Y.; Wang, X.; Chen, Z.; Liu, J. Impact of consumer preference on the decision-making of prefabricated

building developers. J. Civ. Eng. Manag. 2022, 28, 176. [CrossRef]
63. Han, Y.; Yan, X.; Piroozfar, P. An overall review of research on prefabricated construction supply chain management. Eng. Constr.

Archit. Manag. 2022, ahead-of-print. [CrossRef]
64. Sharma, M.; Joshi, S. Brand sustainability among young consumers: An AHP-TOPSIS approach. Young Consum. 2019, 20, 314–337.

[CrossRef]
65. Ganesh, A.D.; Kalpana, P. Future of artificial intelligence and its influence on supply chain risk management–A systematic review.

Comput. Ind. Eng. 2022, 169, 108206. [CrossRef]
66. Nandi, S.; Sarkis, J.; Hervani, A.A.; Helms, M.M. Redesigning supply chains using blockchain-enabled circular economy and

COVID-19 experiences. Sustain. Prod. Consum. 2021, 27, 10–22. [CrossRef]
67. Naz, F.; Kumar, A.; Majumdar, A.; Agrawal, R. Is artificial intelligence an enabler of supply chain resiliency post COVID-19? An

exploratory state-of-the-art review for future research. Oper. Manag. Res. 2021, 15, 378–398. [CrossRef]
68. Sharma, M.; Gupta, M.; Joshi, S. Adoption barriers in engaging young consumers in the Omni-channel retailing. Young Consum.

2019, 21, 193–210. [CrossRef]
69. Zhang, G.; Wang, C.L.; Liu, J.; Zhou, L. Why do consumers prefer a hometown geographical indication brand? Exploring the role

of consumer identification with the brand and psychological ownership. Int. J. Consum. Stud. 2022, 47, 74–85. [CrossRef]
70. Jiang, S.; Zhou, J.; Qiu, S. Digital Agriculture and Urbanization: Mechanism and Empirical Research. Technol. Forecast. Soc. Chang.

2020, 180, 121724. [CrossRef]
71. Prakash, S.; Joshi, S.; Bhatia, T.; Sharma, S.; Samadhiya, D.; Shah, R.R.; Kaiwartya, O.; Prasad, M. Characteristic of enterprise

collaboration system and its implementation issues in business management. Int. J. Bus. Intell. Data Min. 2020, 16, 49–65.
[CrossRef]

72. Singh, R.K.; Joshi, S.; Sharma, M. Modelling supply chain flexibility in the Indian personal hygiene industry: An ISM-Fuzzy
MICMAC approach. Glob. Bus. Rev. 2020. [CrossRef]

73. Liao, H.; Wang, J.; Tang, M.; Al-Barakati, A. An overview of interval analysis techniques and their fuzzy extensions in multi-criteria
decision-making: What’s going on and what’s next? Int. J. Fuzzy Syst. 2023, 1–28. [CrossRef]

74. Han, Z.; Li, X.; Sun, J.; Wang, M.; Liu, G. An interactive multi-criteria decision-making method for building performance design.
Energy Build 2023, 282, 112793. [CrossRef]

http://doi.org/10.1007/s10603-005-8490-z
http://doi.org/10.1068/c12279
http://doi.org/10.1016/j.resconrec.2019.06.011
http://doi.org/10.1177/1469540520926252
http://doi.org/10.1016/j.jclepro.2014.04.020
http://doi.org/10.1016/j.wasman.2020.07.014
http://doi.org/10.3390/su12114503
http://doi.org/10.1016/j.jclepro.2022.132431
http://doi.org/10.1108/SCM-05-2018-0186
http://doi.org/10.3390/su14106375
http://doi.org/10.1108/09574090410700275
http://doi.org/10.1108/IJLM-03-2016-0064
http://doi.org/10.3390/su13042168
http://doi.org/10.1007/s12063-021-00203-1
http://doi.org/10.1016/j.spc.2021.11.026
http://doi.org/10.3846/jcem.2022.15777
http://doi.org/10.1108/ECAM-07-2021-0668
http://doi.org/10.1108/YC-12-2018-0914
http://doi.org/10.1016/j.cie.2022.108206
http://doi.org/10.1016/j.spc.2020.10.019
http://doi.org/10.1007/s12063-021-00208-w
http://doi.org/10.1108/YC-02-2019-0953
http://doi.org/10.1111/ijcs.12806
http://doi.org/10.1016/j.techfore.2022.121724
http://doi.org/10.1504/IJBIDM.2020.103853
http://doi.org/10.1177/0972150920923075
http://doi.org/10.1007/s40815-022-01448-z
http://doi.org/10.1016/j.enbuild.2023.112793


Sustainability 2023, 15, 4924 19 of 21

75. Oudani, M. A combined multi-objective multi criteria approach for blockchain-based synchromodal transportation. Comput. Ind.
Eng. 2023, 176, 108996. [CrossRef]

76. Pamucar, D.; Gokasar, I.; Ebadi Torkayesh, A.; Deveci, M.; Martínez, L.; Wu, Q. Prioritization of unmanned aerial vehicles in
transportation systems using the integrated stratified fuzzy rough decision-making approach with the Hamacher operator. Inf.
Sci. 2023, 622, 374–404. [CrossRef]

77. Amari, A.; Moussaid, L.; Tallal, S. New Parking Lot Selection Approach Based on the Multi-Criteria Decision Making (MCDM)
Methods: Health Criteria. Sustainability 2023, 15, 938. [CrossRef]

78. Zhu, D.; Li, Z.; Mishra, A.R. Evaluation of the critical success factors of dynamic enterprise risk management in manufacturing
smes using an integrated fuzzy decision-making model. Technol. Forecast. Soc. Chang. 2023, 186, 122137. [CrossRef]

79. Ragazou, K.; Passas, I.; Garefalakis, A.; Galariotis, E.; Zopounidis, C. Big Data Analytics Applications in Information Management
Driving Operational Efficiencies and Decision-Making: Mapping the Field of Knowledge with Bibliometric Analysis Using R. Big
Data Cogn. Comput. 2023, 7, 13. [CrossRef]

80. Schotten, P.C.; Morais, D.C. Problem structuring and strategic sorting model for financial organizations. Eur. J. Bus. Manag. Res.
2023, 8, 100–111. [CrossRef]

81. Ojadi, F.; Kusi-Sarpong, S.; Orji, I.J.; Bai, C.; Gupta, H.; Okwara, U.K. A decision support framework for socially responsible
supplier selection in the Nigerian Banking Industry. J. Bus. Ind. Mark. 2023. [CrossRef]

82. Yang, X.; Yang, J.; Hou, Y.; Li, S.; Sun, S. Gamification of Mobile Wallet as an unconventional innovation for promoting fintech:
An FSQCA approach. J. Bus. Res. 2023, 155, 113406. [CrossRef]

83. Amirteimoori, A.; Sahoo, B.; Mehdizadeh, S. Data envelopment analysis for scale elasticity measurement in the stochastic case:
With an application to Indian banking. Financ. Innov. 2023, 9, 1–36. [CrossRef]

84. Taherdoost, H.; Madanchian, M. Multi-criteria Decision making (MCDM) methods and concepts. Encyclopedia 2023, 3, 77–87.
[CrossRef]

85. Gyani, J.; Ahmed, A.; Haq, M.A. MCDM and various prioritization methods in AHP for CSS: A comprehensive review. IEEE
Access 2022, 10, 33492–33511. [CrossRef]

86. Mohapatra, H.; Mohanta, B.K.; Nikoo, M.R.; Daneshmand, M.; Gandomi, A.H. MCDM based routing for IOT enabled Smart
Water Distribution Network. IEEE Internet Things J. 2022, 10, 4271–4280. [CrossRef]

87. Almutairi, K.; Hosseini Dehshiri, S.J.; Hosseini Dehshiri, S.S.; Mostafaeipour, A.A.; Hoa, X.; Techato, K. Determination of Optimal
Renewable Energy Growth Strategies using swot analysis, hybrid mcdm methods, and game theory: A case study. Int. J. Energy
Res. 2021, 46, 6766–6789. [CrossRef]

88. Govindan, K. Pathways to low carbon energy transition through multi criteria assessment of offshore wind energy barriers.
Technol. Forecast. Soc. Chang. 2023, 187, 122131. [CrossRef]

89. Nasrollahi, S.; Kazemi, A.; Jahangir, M.-H.; Aryaee, S. Selecting suitable wave energy technology for Sustainable Development,
an MCDM approach. Renew. Energy 2023, 202, 756–772. [CrossRef]

90. Alao, M.A.; Popoola, O.M.; Ayodele, T.R. A novel fuzzy integrated MCDM model for optimal selection of waste-to-energy-
based-distributed generation under uncertainty: A case of the City of Cape Town, South Africa. J. Clean. Prod. 2022, 343, 130824.
[CrossRef]

91. Saleh, A.M.; Enaizan, O. Framework for selecting the best software quality model for a smart health application based on
Intelligent Approach. Bull. Electr. Eng. Inform. 2023, 12, 1711–1727. [CrossRef]

92. Sotoudeh-Anvari, A. The applications of MCDM methods in COVID-19 pandemic: A state of the art review. Appl. Soft Comput.
2022, 126, 109238. [CrossRef]

93. Zhang, M.; Zhang, C.; Shi, Q.; Zeng, S.; Balezentis, T. Operationalizing the telemedicine platforms through the Social Network
Knowledge: An MCDM model based on the CIPFOHW operator. Technol. Forecast. Soc. Chang. 2022, 174, 121303. [CrossRef]

94. Ali, F.; Srisuwan, C.; Techato, K.; Bennui, A. Assessment of small hydropower in Songkhla Lake basin, Thailand using GIS-MCDM.
Sustain. Water Resour. Manag. 2022, 9, 25. [CrossRef]
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