PLOS ONE

Check for
updates

G OPEN ACCESS

Citation: Wicaksono T, Illés CB (2022) From
resilience to satisfaction: Defining supply chain
solutions for agri-food SMESs through quality
approach. PLoS ONE 17(2): e0263393. https:/doi.
org/10.1371/journal.pone.0263393

Editor: Claudio Soregaroli, Universita Cattolica del
Sacro Cuore, ITALY

Received: September 17, 2021
Accepted: January 18, 2022
Published: February 2, 2022

Peer Review History: PLOS recognizes the
benefits of transparency in the peer review
process; therefore, we enable the publication of
all of the content of peer review and author
responses alongside final, published articles. The
editorial history of this article is available here:
https://doi.org/10.1371/journal.pone.0263393

Copyright: © 2022 Wicaksono, lllés. This is an
open access article distributed under the terms of
the Creative Commons Attribution License, which
permits unrestricted use, distribution, and
reproduction in any medium, provided the original
author and source are credited.

Data Availability Statement: All relevant data are
within the manuscript and its Supporting
Information files.

Funding: The author(s) received no specific
funding for this work.

From resilience to satisfaction: Defining
supply chain solutions for agri-food SMEs
through quality approach

Tutur Wicaksono'?*, Csaba Balint lllés®

1 Doctoral School of Economic and Regional Sciences, Hungarian University of Agriculture and Life
Sciences, Godollo, Hungary, 2 Faculty of Economics and Business, Universitas Al Azhar Indonesia (UA),
Jakarta, Indonesia, 3 Institute of Economic Sciences, Hungarian University of Agriculture and Life Sciences,
Godollo, Hungary

* Tuturwicaksono18 @ gmail.com, Wicaksono.Tutur @ stud.uni-mate.hu, Wicaksono.Tutur @ phd.uni-mate.hu

Abstract

Since it is an important human need and many organizations are involved in the value chain,
the agricultural food supply chain is exposed to various risks that arise naturally or through
human actions. This study aims to develop the application of a quality function deployment
approach to increase the resilience of the food supply chain by understanding customer
needs and logistical risks in the food supply chain. In-depth studies with empirical analysis
were conducted to determine the importance of customer needs, food supply chain risks,
and actions to improve supply chain resilience of SMEs in the agri-food industry. The result
shows that the top three customer needs are "attractive, bright color", "firm texture" and
"fresh smell". The top three risks in the agri-food supply chain are "improper storage," "Har-
vest Failure" and "Human Resource Risks" and the top three resilience actions are "continu-
ous training," "preventive maintenance," and "supply chain forecasting." The implications of
this study are to propose an idea that broadens the perspective of supply chain resilience in
the agri-food industry by incorporating the needs of customers in considering how to miti-
gate the existing risks to the satisfaction of customers, and it also highlights the relatively
low skill and coordination of the workforce in agri-food supply chains.

Introduction

Instead of using a closed strategy to compete in the industry, companies are forced to form a
system to work together in today’s global economic era [1]. Since food supply chain is an
important human need and many organizations are involved in the value creation process, it is
exposed to various risks caused by nature or human actions. Intense competition in the market
in satisfying customer needs increases the demand of suppliers, which leads to increasing
dependency among organizations [2]. This phenomenon makes the food supply chain vulner-
able and poses the potential risk of disruption spreading throughout the supply chain [3]. Sup-
ply chain disruption can affect the company’s cost efficiency, customer satisfaction, and the
company’s ability to generate profits [4].
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To survive in the industry, companies must have a resilient supply chain. Supply chain resil-
ience is the ability of a supply chain system to sustain the system by returning to its original
state or adopting a new, more desirable state after a disruption and avoid system failure [5].
Supply chain resilience gives the firm the ability to proactively respond to changing market
conditions and disruptions that may occur outside of competition. The literature used in this
study focuses on operational aspects such as quality and risk in food logistics and supply
chains. In addition, the academic literature related to this study provides several specific stud-
ies that can suggest a structural framework for implementing supply chain resilience.

This paper fills the research gap by providing a novelty on the application of the Quality
Function Deployment (QFD) methodology in defining a supply chain resilience solution for
agri-food SMEs. Agri-Food SMEs were selected as the research subject because of the impor-
tance of the supply chain and its logistical processes for a sustainable food system and its
impact on food security and economic stability in general. QFD was first introduced in Japan
by Akao [6] as a method for generating customer satisfaction and quality assurance points
using information about customer needs. QFD is seen as a method to translate customer needs
as business requirements into the company’s production processes to ensure that companies
understand customer expectations of the product and service development process [7].

The House of Quality planning matrix is a tool often used in QFD to link customer needs
to how the firm can meet those customer needs [8]. With its development, QFD has proven to
be reliable and can be applied in various industries such as automotive, hospitality, and food
[9-11]. The issue of implementing QFD has also developed, which initially focused only on
product design. It has since been found to be suitable for application in quality improvement,
decision support systems, customer satisfaction, sustainability and also supply chain manage-
ment [12-15]. This study aims to develop a QFD approach to improve supply chain resilience
in agri-food SMEs by identifying customer needs, risks that affect customer satisfaction, and
actions that agri-food SMEs need to take to mitigate these risks.

The objectives of this research are as follows. First, to determine the priority of customer
needs. Second, to determine the priorities of risks in the agri-food supply chain. Third, to
determine the priority of actions to improve supply chain resilience for agri-food SMEs by
identifying customer needs, risks that affect customer satisfaction, and actions that need to be
taken to mitigate these risks. We compose the research questions based on the research objec-
tives as follows:

1. What are the priority needs of agri-food customers (CNs)?
2. What are the priority risks in the food supply chain (AFSCRs)?
3. What are the priority supply chain resilience actions (SCRAs)?

This study analyzes the relationship between these sets of variables to provide priority solu-
tions for supply chain resilience in the food industry and provides a practical contribution for
agri-food SMEs to realize a resilient supply chain system. This research is of interest to stake-
holders in the sustainable food system ecosystem who are affected by food supply chain resil-
ience. Stakeholders are generally defined as farmers, distributors (suppliers), SME retailers,
food safety decision makers and end consumers. Following this introduction, Section 2 of this
paper provides a literature review on quality in agri-food SMEs, food supply chain risks, supply
chain resilience, application of QFD methodology in the agri-food sector and research gaps.
Section 3 describes the methodology, while Section 4 presents the results and discussion. Sec-
tion 5 is the final section which provides the conclusions, contributions and implications of
this research.
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Literature review

Quality in agri-food supply chain

Customer satisfaction is the main objective in planning a high-quality supply chain system
[16]. Companies need to accurately identify customer needs to obtain information that can be
used to design supply chains that meet customer needs in order to gain competitive advantage
and increase customer satisfaction. Several studies have examined quality attributes in the con-
text of agri-food industry [17-19]. Attributes related to product quality, such as freshness,
safety, and hygiene, have always been the most important factor in agri-food product selection,
followed by attributes related to price. This is because the agri-food industry has different
product attributes than other industries where fresh, perishable products dominate. The prod-
uct value decreases when the freshness of the product decreases due to the spoilage process
[20].

In addition, service-related attributes such as responsiveness, friendliness, courtesy, conve-
nience and knowledge are also found to play a role in the company’s fulfillment of customer
needs [21-23]. The pattern of classifying customer needs in the agri-food context also varies
among researchers and has not yet established definitive standards. For example, Djekic et al.
[24] count price, overall quality, colour, and visual freshness. Sayadi et al. [25] enumerate taste,
colour, place of purchase, protected designation of origin (PDO), low acidity, organic produc-
tion, environmentally friendly production, rural job creation, and rural retention.

Agri-food supply chain risks

Risk management in agricultural supply chain is becoming a very important area of research
due to the challenges associated with changing seasonality, supply and demand peaks, delivery
lead time and perishability [26]. The literature on risk management in agri-food supply chain
is significant, but still very limited. Dai and Liu [27] identify several risks in the agri-food busi-
ness, namely the risk in the production chain, such as the impact of natural disasters leading to
losses in the production process, the risk in the distribution chain, such as risks arising from
transportation and unexpected loss of goods during transportation. Retail chain-based risk,
which is caused by incomplete information about the product leading to the disappointment
of the end consumer, and consumption chain-based risk, namely the risk arising from the esti-
mates of customer behavior, buying habits, and customer demand based on historical data,
which may be the risk of inaccurate business forecasts. In addition, Yazdani et al. [13] con-
ducted a comprehensive analysis of agricultural supply chain risk management decision mak-
ing framework which successfully identified agricultural supply chain risks including natural
disasters and weather changes, biological and environmental risks, logistical and infrastructure
risks, management and operational risks, public policy and institutional risks, and political
and security risks, while Jianying et al. [28] stated that economic risks, such as problems
related to production and logistics costs, social risks related to public policies, laws, and regula-
tory changes, and cooperation risks, such as lack of organizational capabilities of enterprises in
terms of coordination and control caused by a weak sense of cooperation, are the most signifi-
cant risks among all existing risk factors of the agricultural supply chain.

Patterson et al. [29] emphasized the importance of detailed product information related to
production, processing, and preparation to reduce the risks associated with contamination of
agricultural products by diseases, to increase the resilience of food systems to protect food
security and learn how perishable agricultural products are handled before they reach the con-
sumer. The researchers also pointed out the common problem of unclear information flow in
the food supply chain and low awareness of the importance of understanding supply chain
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risks [30]. Regulations such as mobility restrictions during the pandemic COVID-19 further
increase risks in the agricultural and food supply chains. Logistical risks are associated with
delivery delays due to mobility restrictions. Socio-economic risks such as the risk of child
labor due to lower household income of workers producing agricultural products due to pro-
duction disruptions. then environmental risks associated with the impact of agricultural prod-
uct waste due to logistical delays and risks to global food security [31].

Supply chain resilience strategies

Research related to supply chain resilience is generally concerned with the ability of supply
chains to overcome the impact of unavoidable risks and return to their original operating con-
ditions or transition to new, better conditions after a disruption [32]. Specifically, companies
can take actions to improve the resilience of their supply chain by meeting unexpected cus-
tomer demands. In this way, they can gain a competitive advantage by creating plans to
respond to and recover quickly from supply chain disruptions [33]. From the literature of sev-
eral researchers, supply chain resilience has been successfully evaluated in the context of agri-
food industry using different approaches. One of them is Coopmans et al. [34], who uses
mixed methods to describe supply chain resilience as a measurable assessment of a company’s
ability to make decisions by considering quantitative and qualitative indicators that are effi-
ciently used to recover quickly from losses. Soni et al. [35] then present the implementation of
supply chain resilience measurement using a deterministic modelling approach that is able to
measure resilience with a single numerical index as a form of supply chain resilience quantifi-
cation that will help companies evaluate the effectiveness of various risk mitigation strategies
to facilitate supply chain resilience decision making. In addition, the qualitative discussion by
Hecht et al. [36] identifies factors related to supply chain resilience in food companies includ-
ing formal contingency plans, employee training, food suppliers, locations, service providers,
post-event learning and infrastructure, redundant food supply, staff presence, and insurance.
how these factors can provide a response in terms of risk mitigation and how these factors
relate to the company’s ability to withstand disruptions to ensure reliable access to food avail-
ability and safety.

Researchers have presented various ways to improve supply chain resilience. For example,
Rajesh [37] stated that supply chain resilience can be improved by increasing supply chain flex-
ibility, but to build a flexible supply chain, the complexity within a supply chain must be
reduced as much as possible. Companies need to carefully develop a flexible business strategy
that considers reducing elements that have less impact on supply chain resilience. A flexible
supply chain has the ability to be both proactive and reactive to anticipate internal and external
disruptions and uncertainties required to achieve excellent performance outcomes [38]. Li
et al. [39] propose a specific example of supply chain flexibility by implementing a volume flex-
ibility contract which can encourage producers to build capacity as the retailer’s reserves and
maintain channel coordination. It also helps retailers to reduce the mismatch between supply
and demand as a risk sharing mechanism with lower reservation costs and more flexibility,
which can encourage companies to expand and improve performance to achieve more overall
profit for the supply chain as a whole. Spieske and Birkel [40] show that the visibility and col-
laboration aspects of supply chain planning can have an impact on increasing the sustainable
resilience of the supply chain. Visibility is considered an important factor as it helps companies
to obtain information about the origin of materials and components, which increases the com-
pany’s understanding of its supply chain partners, which can help companies to mitigate the
risk of problems at the supplier’s location [41]. Collaboration in terms of interactions in the
process of information dissemination, decision making, constructive communication and goal
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alignment has a positive effect on increasing supply chain resilience. However, collaboration
can also increase interdependence among supply chain actors, which increases the risk of cre-
ating ripple effects throughout the supply chain [42].

Application of QFD in agri-food context

Dania et al. [43] use a combination of QFD approach, Fuzzy Analytical Network Process
(FANP) and Data Envelopment Analysis (DEA) to integrate qualitative and quantitative fac-
tors in assessing the quality performance of collaboration between a sugar company and stake-
holders in relation to the company’s supply chain considering sustainability issues. Sayadi
etal. [25] apply the QFD method to translate customer needs related to olive oil quality attri-
butes into the practice of developing specific olive varieties that contribute most to meeting
customer needs. Wicaksono et al. [20] developed a QFD model for determine priority steps to
improve business quality in small and medium-sized agri-food retail companies considering
the principles of open innovation. There are also some applications of the QFD approach for
analyzing perceived quality in the agri-food supply chain, such as by Djekic et al. [24], who
analyzed perceived quality in the supply chain of chicken products, and Djekic et al. [44] used
a similar approach to study the transformation of quality perceptions of individual stakehold-
ers in the apple supply chain. Zarei et al. [45] use QFD to identify lean enabler variables that
can be practically applied to improve leanness in the food supply chain, which has an impact
on reducing business costs. With certain adaptations of the House of Quality (HoQ) matrix,
the QFD approach has been shown to be an effective method for organic food development
[46]. Recently, the application of QFD in the agri-food sector began to lead to research related
to sustainability studies [47]. There is no literature that specifically discusses the application of
QFD in the context of supply chain resilience analysis in agri-food SMEs.

Research gaps

As described above, supply chain resilience is an important factor for long-term business con-
tinuity. However, there are only two studies that specifically address the application of QFD
methodology in relation to supply chain resilience in the context of the agri-food industry.
Elleuch et al. [48] construct a HoQ matrix to link vulnerability factors with resilience capacity
to provide a QFD-based process for a large animal feed company to increase supply chain resil-
ience capacity. This literature only uses one HoQ matrix, does not specifically address the
SME sector and customer needs variables are not considered in the HoQ matrix for supply
chain resilience analysis, which are required for the supply chain quality system to meet end
customer needs. Furthermore, Kumar and Kumar Singh [49] identify the level of importance
of COVID19 impacts on the agri-food supply chain using Best-worst Method (BWM) and link
these impacts to strategies for increasing the resilience of the agri-food supply chain using
QFD.

Therefore, this study aims to fill the gap and apply the QFD approach using two HoQ
matrices to prioritize supply chain resilience solutions for SME retailers in the agri-food indus-
try by using the attribute of customer needs as a factor when considering customer satisfaction
in the context of supply chain resilience, as end customers are part of the whole supply chain.

Methodology

A model based on the QFD method is used. This method is known for providing an in-depth
understanding of customer needs and then used to identify alternative solutions using the
House of Quality (HoQ) matrix, which is able to define the relationship between customer
needs and products (goods or services). In accordance with the objectives of this study, QFD is
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an appropriate method to be used in this study because it has the advantage of translating cus-
tomer needs into attributes ("how") as a form of follow-up by each functional area in meeting
customer needs [8]. Originally, the QFD method was used for product development based on
customer needs in a company [9,11,21], but with the development of research related to QFD,
researchers have proved that QFD can be applied in a broader context, such as integration
between companies in the supply chain or industry [10,15,20,45].

In this study, the QFD-based model is used to translate customer needs (CNs) into the resil-
ience design of SMEs in agri-food retailing. The advantage of the model proposed in this study
is to create a supply chain resilience design based on customer needs. Essentially, we propose
an approach with two HoQ matrices. The first one links CNs to agri-food supply risk
(AFSCRs) in terms of the risk performance on CNs. Then link AFSCRs to supply chain resil-
ience actions (SCRASs) to determine how SMEs can mitigate emerging risks. The two HoQ
matrix structures can be seen in Fig 1. The process used to create the HoQ matrix is described
below. Preliminary consultations with industry representatives and a literature review were
conducted to identify CNs and resilience designs. Resilience design in this study is an analysis
of resilience measures that produce solutions in the form of priorities for action. We validated
the CNs, AFSCRs, and SCRAs by conducting in-depth interviews with industry stakeholders
and questionnaire surveys of end-users. Based on the data obtained from the interviews and
surveys, we then developed a HoQ matrix based on the degree of importance and relationship
between CNs, AFSCRs, and SCRAs. As explained earlier, there are two HoQ matrices used in
the QFD approach in this study. The first matrix links CNs to agri-food supply chain risks
(AFSCRs) to define AFSCRs in terms of their impact on SME business continuity based on the
defined CNis attributes. CNs are represented as attributes that relate to what customers want.
Therefore, SMEs need to properly identify and determine the importance of CNs, while
AFSCRs are represented as factors that directly affect CNs attributes related to disruptions in
achieving customer satisfaction. The initial HoQ matrix was created based on the adaptation
of the QFD model by Wicaksono et al. [20] with the main steps described in detail in Section
4.1.

The second HoQ matrix will identify resilience actions that can mitigate AFSCRs identified
in the first matrix. The AFSCRs will be presented as business requirements that must be car-
ried out by SME:s in the context of risk mitigation, while the SCRAs will be presented as practi-
cal solution measures to be carried out by SMEs to mitigate the risks. As shown in Fig 1, the
value assessed in the first HoQ matrix for the importance of agri-food supply chain risks
becomes the starting point for building the second HoQ. Thus, the steps used to build the first

Agri-Food Supply Chain Risks Supply Chain Resilience Actions
(AFSCRs) v (SCRAs)
- %
Y o & S
€| E| €2 5 | §| g3
2 7|28 - Sg| 7|88 -
B 8| 8% Relationship between %g 5| =7 Relationship between
Q = e
Z | < |28 CNs and AFSCRs B2 < | & g AFSCRs and SCRAs
- - -}
2l el g 23 £ A8
S g| £F B | E|BE
é & 5 = = CHN:
5 B
< <
AFSCRs Importance Value f 4 SCRASs Importance Value
Priority Assessment Priority Assessment

Fig 1. First and second house of quality matrix structure of agri-food supply chain resilience.

https://doi.org/10.1371/journal.pone.0263393.9001
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HoQ matrix can also be used to build the second HoQ matrix, which we will show in detail in
Section 4.2.

The empirical analysis of this study was conducted among SMEs and their supply chain
actors in Kramat Jati Central Market, East Jakarta, the largest traditional market for agricul-
tural products in Southeast Asia, so the results can represent the agricultural products supply
chain worldwide. In this study, semi-structured in-depth interviews were conducted with ten
loyal customers of SME retailers to identify CNs. Similar in-depth interviews were also con-
ducted with twenty of the largest and most influential actors in the agri-food industry,
including SME owners, suppliers, and logistics actors, to identify risks in the agri-food supply
chain, assess the relationship between CNs and AFSCRs and between AFSCRs and SCRAs,
and assess the priority of agri-food supply chain resilience actions (SCRAs). Conducting inter-
views with economic actors and industry stakeholders is a common method for data collection
in studies related to QFD [50,51]. This study also uses a Likert scale (1-5) questionnaire to sur-
vey 341 customers of small and medium enterprises in the agri-food industry to create a sum-
mative score to measure a construct. The customer profile can be found in Table 1. Referring
to Roscoe’s rule of thumb, which we quote from Sekaran and Bougie [52] which states that a
sample size between more than 30 and less than 500 respondents is appropriate for most
studies.

Validity and reliability tests for the items of the CNs attribute were also conducted using
SPSS 25. The results of the validity test showed that each item was valid with a significance
level of 0.01. In relation to the reliability test using Cronbach’s alpha, it shows a value of 0.812,
which means that the data are reliable to use [53]. The data collection lasted for four months,
starting at the beginning of March 2021 and ending at the end of June 2021. During the data
collection, the researchers always adhered to the health protocols prescribed by the local gov-
ernment, such as hand washing, wearing masks, and social distancing. Respondents gave ver-
bal consent to participate in the study and none of the respondents were minors. This study
was reviewed and approved by an institutional review board (ethics committee) of the Doc-
toral School Hungarian University of Agriculture and Life Sciences before the study
commenced.

Table 1. Customer needs (CNs) respondent profile analysis.

N Percentage (%)
Age 19-30 62 18.2
31-40 109 32
41-50 111 32.5
>50 59 17.3
Gender Male 124 36.4
Female 217 63.6
Education Higher Education/University 140 41.1
Non-higher education 201 58.9
Purchasing experience 5 years or less 53 15.5
5-10 years 80 23.4
10-20 years 142 41.8
>20 years 66 19.3
Purchasing frequency More than 2 times a week 147 43.1
Once a week as minimum 121 35.5
Once a month as minimum. 73 21.4

https://doi.org/10.1371/journal.pone.0263393.t001
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Result and discussion

First HoQ matrix (linking customer needs and agri-food supply chain
risks)

Step 1. Identification of customer needs (CNs). In this step, CNs are identified through
interviews with stakeholders in the agri-food supply chain and literature review. Ten CNs attri-
butes were identified and validated as shown in Table 2.

Step 2. CNs importance value priority assessment. The CNs are ranked according to the
level of importance value and customer perception from the customer survey (Table 3).
"Attractive bright color”, "firm texture" and "fresh smell” are the three CNs that have high
importance value and are considered most important. Customers are not too concerned about
price and the possibility of contamination that may occur in agri-food products. This is con-
firmed by the retailers that the factors related to price and possibility of product contamination
are not important for the customers in consuming agri-food product. The importance of CNs

is rated on a scale of 1-5, based on a 5-point Likert scale. Scale 1 = very unimportant and
5 = very important. The importance level of customer needs is calculated using the following

equation:

CNIV, =

m

~ >om CNs, _CN, +CN, +CN;.... +CN
m m

CNIV;: is the average value of the CNs importance scores of each CNs attribute
CNs;: individual CNs importance value collected from each respondent for each CNis attri-

bute, where i varies from 1 to m, where i is the number of respondents, which is 341.

(1)

Step 3. Defining agri-food supply chain risks. This step uses a literature review and ini-
tial in-depth interviews with industry representatives to identify the technical requirements
associated with supply chain risks in the agri-food industry based on their impact on meeting
each of the CNs previously defined. Eight risks identified and reviewed by relevant industry
representatives are listed in Table 4.

Step 4. Relationship matrix. Assessment of each attribute of customer needs and agri-
food industry Supply Chain Risks to determine the extent of the relationship between the attri-
butes. Constructed from averages of the results of in-depth interviews with industry players.
Assessed using quantified relationship symbols representing three levels of relationship:

Table 2. Customer needs (CNs) list.

Customer Needs Description Reference
(CNs)
Attractive bright Ability to deliver products that have a color that is not pale, bright, and [54]
color attractive.
Fresh smell Ability to deliver products that have a natural, fresh smell that does not smell [54]

bad
Firm texture Ability to deliver products that have a firm texture that is not mushy [55]
Stock availability Ability to maintain availability of products in stock [56]
Cleanliness Ability to deliver products in clean condition. [57]
Tastiness Ability to deliver products that have a good taste. [55]
Price stability Prices must remain stable, no sudden significant price increases. [56]
Product variation Ability to supply a variety of products. [58]
Proper shape Ability to deliver products that have standard shapes and no shape defects. [59]
Contamination-free | Ensure that there is no contamination between different types of fresh products | [60]

that affect food safety
https://doi.org/10.1371/journal.pone.0263393.t002
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Table 3. Importance value and priority ranking of the customer needs (CNs).

Customer Needs (CNs) Importance Value Priority Ranking
Attractive bright color 4.61 3
Fresh smell 4.65 1
Firm texture 4.60 4
Stock availability 4.63 2
Cleanliness 4.55 5
Tastiness 4.43 7
Price stability 4.50 6
Product variation 3.89 10
Proper shape 4.24 9
Contamination-free 4.36 8

https://doi.org/10.1371/journal.pone.0263393.t003

strong, moderate and weak. Strong relationship symbol is weighted as 9, moderate relationship
symbol is weighted as 3 and weak relationship symbol is weighted as 1 (Table 5).

Step 5. Agri-food supply chain risk priority assessment. In this step, we determine the
importance value to assess the priority order of each risk of the agri-food supply chain based
on the value of the relationship matrix and the importance value of each customer need itself
by summing the multiplication values of the importance value of each customer need with the
value of the relationship matrix between the customer needs and the attributes of the agri-food
supply chain that are connected on the same path of the matrix.

Attractive bright color. As the results show, attractive bright color is most influenced by the
risk attributes of harvest failure and improper storage. Factors leading to harvest failure, such
as pest infestation and poor storage conditions, also have a strong influence on the decline or
poor quality of the product, which is reflected in a dull appearance of the external color of the
product.

Fresh smell. Similar to firm texture, the "fresh smell" attribute is also affected by most of the
potential risks in the list. For the fresh smell attribute, improper storage is also the greatest risk
for affecting the fresh smell attribute. This is understandable as [Bhat and Reddy, 67] found
that improper storage conditions contribute to the rapid growth of fungi in fresh agricultural
produce, especially in areas of high humidity and temperature such as the tropics. The devel-
opment of mold contributes to the appearance of unpleasant odor in fresh produce.

Table 4. Agri-food supply chain risks list.

Potential risks Description Reference

Harvest failure Risk of drastic loss or reduction of crops and livestock due to pest infestation in | [26]
crops, disease infestation in livestock and natural disasters

Bullwhip effect Inaccurate demand forecasts from retailers as they are highly responsive to [61]
demand and reinforce expectations in the surrounding supply chain.

Transportation Risks associated with a possible accident involving a product-supporting vehicle, | [62]

accident such as a truck accident or a sinking ship

Equipment failure Failure of production support equipment to function properly [61]

Improper storage Problems related to storage during distribution, such as insufficient capacity, [63]
unsuitable temperature, poor packaging material and contamination

Human resource risk | Lack of skills, knowledge, concern, coordination and motivation of industry [64]
actors

Traffic congestion The risk of travel time being longer than it should be due to congestion caused [65]

by queues of vehicles exceeding road capacity.

Criminal activities Risk related to robbery and theft in the shipping process [66]
https://doi.org/10.1371/journal.pone.0263393.t004
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Table 5. Quantified relationship symbols.

Symbols Relationship Level Value
[ Strong 9
©) Moderate 3
A Weak 1

https://doi.org/10.1371/journal.pone.0263393.t1005

Firm texture. As shown in Table 6, Firm texture can be affected by seven of the eight poten-
tial risks, with improper storage posing the greatest risk affecting firm texture. As shown by
[Park et al., 68], perishable foods are sensitive to things like storage time and temperature, and
improper storage will quickly damage the texture of the product due to spoilage.

Stock availability. The results show that all risk attributes can pose potential threats and dis-
ruptions to stock availability, and all risks are also considered to be strongly related to these
customer needs. In the context of the supply chain, stock availability is a very important factor
because if the available stock is lower than the demand, it negatively affects the performance of
the whole supply chain and leads to a decrease in customer satisfaction; on the other hand,
overstocking leads to an increase in inventory levels and poses the risk of quality deterioration
for perishable products that are sensitive to storage time.

Cleanliness. As customer behavior changes and hygienic aspects such as cleanliness of pur-
chased food become more important to avoid disease outbreaks during the Covid19 pandemic,
industry players can also use this as a competitive advantage by immediately improving the
cleanliness aspects of food products [Han et al., 69]. The results show that personnel risk is the
most influential risk for product cleanliness. In this case, the lack of specific training for indus-
try actors on professionalism in satisfying customers is related to product quality, specifically
how the process of producing clean and dirt-free products affects competitiveness and disrupts
supply chains.

Tastiness. As the results show, the attribute "tastiness" is most affected by improper storage
and equipment deficiencies. Processing equipment in direct contact with the agricultural
product, as well as the shape, design and condition of packaging and storage of a product can
affect the tastiness attribute based on the perception of the quality of the product.

Price stability. This attribute is most affected by the risk of harvest failure. The impact of
harvest failure can lead to product shortages that disrupt supplies to customers. Product
demand that cannot be met due to lack of product availability in the market leads to price
inflation.

Product variation. Although the results show that product variation is not a major need of
customers, the availability of a variety of product variations in the agri-food sector has a posi-
tive impact on supply chain performance and customer satisfaction. There are five types of
risks on the list that can pose a threat to product variation, but only two risks that have a strong
relationship, namely the risk of harvest failure, which offers the potential for disruption to the
availability of product variation, and the bullwhip effect on the impact of retailers’ errors in
predicting the supply of customer demand for product variation.

Proper shape. The appearance of an appropriate product form also plays a role in customers’
perception of product quality. Proper shape attribute is most influenced by human resource
risk, although the relationship is moderate. With sufficient knowledge of the personnel regard-
ing the appearance of the standard form of any product desired by the customer, the product
quality control can be fulfilled.

Contamination free. As the results show, the attribute "contamination-free" is mainly influ-
enced by the effects of improper storage. Improper storage techniques and temperatures, such
as placing several different agricultural foods together, can lead to contamination with bacteria
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and other harmful microorganisms, as well as accelerate chemical and enzymatic reactions
that affect the quality of agricultural foods due to improper storage practices, potentially reduc-
ing the shelf life of the product [70].

The results show that risk related to internal factors has the greatest impact. This implies
that SMEs are more focused on the environmental risks of their respective organizations and
less concerned about the risk factors for external disturbances related to the extensive network
of the agri-food supply chain. This shows the weak coordination between organizations within
the supply chain.

Second HoQ matrix (linking supply chain risks and resilience actions)

Step 1. Identification of risks in the agri-food supply chain. In this step, the agri-food
supply chain risk attributes are transferred directly from the first HoQ matrix to the left side of
the second HoQ matrix (Fig 1).

Step 2. Agri-food supply chain risk priority assessment. Importance value and priority
rank of the agri-food supply chain risk determined in the fifth step of the first HoQ matrix are
directly transferred to the left side of the second HoQ matrix (Fig 1).

Step 3. Identification of supply chain resilience actions. Based on in-depth interviews
with industry actors and a literature review, six actions to reduce supply chain risks for agri-
food SMEs were identified (Table 7).

Step 4. Relationship matrix. The relationship matrix created by averaging the results of
in-depth interviews with industry stakeholders and literature reviews on the relationship
between food supply chain risks and supply chain resilience actions. Assessed using quantified
relationship symbols representing three levels of relationships, similar to those used in the first
HoQ matrix.

Step 5. Resilience actions priority assessment. Determine the importance value for
assessing the priority order of supply chain resilience actions by adding the multiplication val-
ues of the importance value of each agri-food supply risk and the value of the relationship
matrix of the second HoQ matrix, using a similar calculation method as in step 5 in the first
HoQ matrix as shown in Table 8.

Harvest failure. The disaster mitigation plan is the most effective solution to mitigate the
risks of harvest failure due to natural disasters (force majeure). Planting annual trees with

Table 7. Supply chain resilience actions list.

Proposed resilience | Description Reference
actions

Disaster Prevention | A planned program that is periodically established and evaluated to Nguyen et al.
Plan determine actions to mitigate disaster risk. [71]
Preventive Regular and scheduled maintenance of equipment and facilities to avoid | Yang et al. [72]
Maintenance downtime due to unexpected equipment malfunctions.

Continuous Training

Supply chain
coordination

Forecasting supply
chain

IT Utilization

Continuous training programs to help personnel (industry players)
improve the skills and knowledge required to minimize vulnerabilities
and avoid dangerous repeat errors.

Engagement collaboration between companies or stakeholders in a
supply chain in sharing resources and information to achieve common
goals with a focus on customer satisfaction.

Accurately predict future patterns in supply, demand, and price of
products in the supply chain by collecting data on past patterns in the
supply chain and data from suppliers.

The use of technology involving devices or computer systems related to
software, applications, storage, and networks to effectively and efficiently
manage required information.

https://doi.org/10.1371/journal.pone.0263393.t1007

Mithun Ali et al.
[73]

Kim and Chai
[74]

Huber et al. [75]

Lezoche et al.
[76]
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Table 8. Second HoQ matrix (linking supply chain risks and resilience actions).

Priority |Importance Supply chain resilience actions (SCRAs)
ranking | value Disaster Preventive Continuous | Supply chain |Supply chain |IT
Prevention | Maintenance |Training coordination |Forecasting | Utilization
Plan
Agri-food | Harvest failure |2 175.8 [ ] A ©) ©) [ J
SUpPly | Bullwhip effect | 5 94.8 A ° ° ° A
Chain Risks .
(AFSCRs) Trabnsportatlon 7 64.2 ([ J [ J [ J A
accident
Equipment 4 108.3 ©) [ J A VAN
failure
Improper 1 258.5 [ J [ J O [ A
storage
Human 3 166.4 A O [ J O A A
resource risk
Traffic 6 77.4 A A A @) A [ ]
congestion
Criminal 8 45.9 (] [ A
activities
3141.8 4550.4 5616.6 2949 3599.3 3016.9 Importance
value
4 2 1 6 3 5 Priority
ranking

https://doi.org/10.1371/journal.pone.0263393.t008

agricultural value in water-prone areas can prevent disasters such as floods and landslides. To
reduce the risk of harvest failure, it is also necessary to implement a cropping plan adapted to
the local climate based on the planting calendar, use better pest-resistant varieties, vaccinate
livestock, and regularly monitor livestock health and environmental conditions. Training in
quality management correlates least with the harvest failure attribute, as the phenomenon of
force majeure is very difficult to predict even with advanced training.

Bullwhip effect. Accurate supply chain forecasting is an effective way to prevent the negative
effects of the bullwhip effect. Such forecasting capabilities require adequate knowledge of sup-
ply chain resilience, which can be improved through continuous training. We support the
findings of Mithun Ali et al. (73) that continuous training for relevant personnel, especially in
the retail sector, can improve the ability to accurately forecast customer demand.

Transportation accident. We support the research findings of Saleh et al. [77] that preven-
tive maintenance is the most effective measure to prevent the occurrence of accidents by regu-
larly and routinely checking and repairing the performance condition of the transport vehicle.
Training is also beneficial to improve the driver’s ability to minimize driving behaviors that
increase the risk of accidents, such as not driving when drowsy, not exceeding the speed limit,
and other technical behaviors while driving. contingency plans can evaluate accident-prone
routes and then look for new routes that can be travelled with similar or more efficient travel
costs.

Equipment failure. When the main equipment directly related to the production process
fails or is completely damaged, it takes a long time to repair, which in turn disrupts the supply
chain flow. Routine and regular preventive maintenance is an important solution to prevent
the occurrence of technical downtime due to unexpected failures, so that production can run
on time or at least with as little technical downtime as possible [77].

Improper storage. Again, preventive maintenance is the most effective measure to avoid the
risks posed by poor agricultural storage conditions. Regular inspections can monitor the ade-
quacy of temperature and physical conditions of storage and overall product packaging to
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determine if repairs or replacement of defective parts are needed. Accurate demand forecast-
ing is also beneficial to minimize the risk of massive deterioration in product quality due to
inventory accumulation from improper storage.

Human resources risk. This aspect involves workers from the agricultural sector and logis-
tics. There is a need to develop a workforce that is multi-skilled. Therefore, there is need for
continuous training of relevant players in the industry to ensure that they have the necessary
skills to mitigate the risk of high customer satisfaction.

Traffic congestion. Using IT can effectively reduce the risk of getting stuck in traffic jams.
The use of software or online mapping applications that are able to provide real-time informa-
tion on road density and alternative routes with shorter travel times, as well as the best depar-
ture times, to avoid the risk of congestion. This finding is supported by the findings of Zafar
and Haq’s [78] research that the traffic map application in real time is able to predict the esti-
mated arrival time of various special weather features, special conditions, holidays, and alter-
native road options. Then, the results of the traffic analysis are classified into the five highest
traffic volume levels in the area or road to be traversed, with the highest prediction accuracy
reaching 92%.

Criminal activities. A disaster prevention plan is also an effective solution, this time as a
crime prevention measure by reviewing the route and delivery times to avoid always using the
same route at the same time and avoiding certain routes at certain times that are prone to
criminal acts such as robberies, by having a delivery strategy of travelling in convoy to protect
each other, and by informing the police in certain areas to increase security in areas affected by
crime.

Agri-food SMEs need to take immediate action such as continuous training, preventive
maintenance and supply chain forecasting, which are the three main solutions that need to be
implemented as an effective strategy to mitigate existing risks. The results show that the skills
and knowledge of the agri-food SMEs actors in the studied supply chain are relatively low.
This also affects the weak coordination among organizations in the supply chain. Efforts to
improve supply chain resilience need to be carried out with systematic coordinated actions
between organizations in the supply chain. Companies need to understand the importance of
maximizing the benefits of the entire supply chain and not just focusing on their own profit
motive. Retailers can undertake coordination and collaboration initiatives that are flexible and
with guaranteed mutual benefits in terms of increased profits by minimizing costs and risks.
Large computer companies such as Dell Computer have created mature supply chain integra-
tion with their "just-in-time" strategy that emphasizes real-time coordination and visibility
with their suppliers. This practice can also be applied to the agri-food supply chain, where the
quality of goods is highly dependent on time.

Conclusions

Agri-food SMEs are aware of the importance of building a resilient inter-company supply
chain to face intense competition in a global era complicated by the current pandemic, chang-
ing customer needs and the risks faced by industry players to meet customer needs. This
research has succeeded in proposing an idea that broadens the perspective on supply chain
resilience in the agri-food industry by incorporating attributes of customer needs in consider-
ing how existing risks can be mitigated to satisfy customers.

An empirical study was conducted using the QFD approach to examine the relationship
between different attributes in the agri-food supply chain in Indonesia. The main findings are
presented below:

1. Fresh smell, stock availability dan attractive bright color are the top three customer needs.
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2. The top three risks are improper storage, harvest failure dan human resources risk.

3. Continuous training, preventive maintenance and supply chain forecasting are the top
three resilience measures.

Implications

Several theoretical implications arise from this result. First, this study is able to provide new
ideas and successfully fill the literature gap presented in Section 2 by considering attributes of
customer needs and combining them with risk attributes to find resilience solutions that can
also satisfy customers in the agri-food supply chain of SMEs. Secondly, this study is able to
provide ideas for future researchers as a reference for the practical procedural steps in using
two levels of HoQ as a tool to determine the what and how in the QFD method. The thorough
understanding gained from a recent literature review on agri-food quality, agri-food risk and
supply chain resilience provides the basis for identifying and developing attributes for cus-
tomer needs, agri-food risk and resilience to build HoQ, which is also confirmed by customers
and relevant industry stakeholders. Third, this study proposes an idea for a list of customer
needs, risks and resilience solutions that could become a standard for future research.

This study also has practical implications for agri-food SMEs to build a resilient agri-food
supply chain. Firstly, this study has succeeded in highlighting the low skills and knowledge of
agri-food actors, especially in the area of supply chain and total quality, so as to raise enthusi-
asm for improving skills. In addition, agri-food SMEs are weak in coordination among organi-
zations in the supply chain as they are only concerned about internal operational benefits. In
view of the findings of this study, it is reccommended that agri-food SMEs, starting from pro-
ducers to suppliers to distributors and retailers, can improve coordination and collaboration
to overcome customer satisfaction risks.

In addition, important implications for management also emerge from this study. This
industry is a labor-intensive industry. The results show that the most important risks that can
negatively affect customer satisfaction are related to the lack of skills and knowledge of
employees. Therefore, business owners or top managers should pay more attention to employ-
ees’ skills and knowledge through continuous training.

Limitation and future research

This study has limitations in terms of sample size as the sample survey period coincides with the
period of implementation of special social distancing regulations related to the pandemic
COVID -19. The number of SMEs and existing clients is less than under normal circumstances.
There is still much room for research on supply chain resilience in the agri-food industry, for
example, the phenomenon of vulnerability due to the bullwhip effect in the supply chain or the
introduction of information technology and its application may also be explored in the future.

Supporting information

S1 File. Tabulation.
(XLSX)

S2 File. In-depth interview result.
(DOCX)

S3 File. Questionnaire.
(DOCX)

PLOS ONE | https://doi.org/10.1371/journal.pone.0263393 February 2, 2022 15/20


http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0263393.s001
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0263393.s002
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0263393.s003
https://doi.org/10.1371/journal.pone.0263393

PLOS ONE

From resilience to satisfaction: Defining supply chain solution for agri-food SMEs through quality approach

Author Contributions

Conceptualization: Tutur Wicaksono, Csaba Balint Illés.
Data curation: Tutur Wicaksono.

Formal analysis: Tutur Wicaksono.

Investigation: Tutur Wicaksono.

Methodology: Tutur Wicaksono.

Project administration: Csaba Balint Illés.
Resources: Tutur Wicaksono.

Software: Tutur Wicaksono.

Supervision: Csaba Balint Illés.

Validation: Tutur Wicaksono, Csaba Balint Illés.
Visualization: Tutur Wicaksono, Csaba Balint Illés.
Writing - original draft: Tutur Wicaksono.

Writing - review & editing: Tutur Wicaksono, Csaba Balint Illés.

References

1. Andersson R, Pardillo-Baez Y. The Six Sigma framework improves the awareness and management of
supply-chain risk. The TQM Journal. 2020; 32(5):1021-1037. https://doi.org/10.1108/tgm-04-2019-
0120

2. Mogale D, Kumar S, Tiwari M. Green food supply chain design considering risk and post-harvest losses:
a case study. Annals of Operations Research. 2020; 295(1):257-284. https://doi.org/10.1007/s10479-
020-03664-y

3. Hillmann J. Disciplines of organizational resilience: contributions, critiques, and future research ave-
nues. Review of Managerial Science. 2020; 15(4):879-936. https://doi.org/10.1007/s11846-020-
00384-2

4. Wankmiller C, Reiner G. Coordination, cooperation and collaboration in relief supply chain manage-
ment. Journal of Business Economics. 2019; 90(2):239-276. https://doi.org/10.1007/s11573-019-
00945-2

5. Parast M, Sabahi S, Kamalahmadi M. The Relationship Between Firm Resilience to Supply Chain Dis-
ruptions and Firm Innovation". In: Zsidisin G., Henke M, editors. Revisiting Supply Chain Risk, Springer
Series in Supply Chain Management; 2019. pp. 279-298.

Akao Y. Quality function deployment. 1sted. Cambridge, Mass.: Productivity Press; 2004.

7. ChinK, YangQ, Chan C, TsuiK, Li Y. Identifying passengers’ needs in cabin interiors of high-speed
rails in China using quality function deployment for improving passenger satisfaction. Transportation
Research Part A: Policy and Practice. 2019; 119:326—-342. https://doi.org/10.1016/j.tra.2018.12.004

8. HeizerdJ, Render B, Munson C. Operations Management. 12th ed. Harlow, United Kingdom: Pearson;
2017:166.

9. Auvikal S, Singh R, Rashmi R. QFD and Fuzzy Kano model based approach for classification of aesthetic
attributes of SUV car profile. Journal of Intelligent Manufacturing. 2020; 31(2):271-284. https://doi.org/
10.1007/s10845-018-1444-5

10. WuW, Qomariyah A, Sa N, Liao Y. The Integration between Service Value and Service Recovery in the
Hospitality Industry: An Application of QFD and ANP. International Journal of Hospitality Management.
2018; 75:48-57. https://doi.org/10.1016/j.ijhm.2018.03.010

11. Kowalska M, Pazdzior M, Krzton-Maziopa A. Implementation of QFD method in quality analysis of con-
fectionery products. Journal of Intelligent Manufacturing. 2015; 29(2):439—-447. https://doi.org/10.1007/
$10845-015-1120-y

12. Barad M. Linking Cyber Security Improvement Actions in Healthcare Systems to Their Strategic
Improvement Needs. Procedia Manufacturing. 2019; 39:279-286. https://doi.org/10.1016/j.promfg.
2020.01.335

PLOS ONE | https://doi.org/10.1371/journal.pone.0263393 February 2, 2022 16/20


https://doi.org/10.1108/tqm-04-2019-0120
https://doi.org/10.1108/tqm-04-2019-0120
https://doi.org/10.1007/s10479-020-03664-y
https://doi.org/10.1007/s10479-020-03664-y
https://doi.org/10.1007/s11846-020-00384-2
https://doi.org/10.1007/s11846-020-00384-2
https://doi.org/10.1007/s11573-019-00945-2
https://doi.org/10.1007/s11573-019-00945-2
https://doi.org/10.1016/j.tra.2018.12.004
https://doi.org/10.1007/s10845-018-1444-5
https://doi.org/10.1007/s10845-018-1444-5
https://doi.org/10.1016/j.ijhm.2018.03.010
https://doi.org/10.1007/s10845-015-1120-y
https://doi.org/10.1007/s10845-015-1120-y
https://doi.org/10.1016/j.promfg.2020.01.335
https://doi.org/10.1016/j.promfg.2020.01.335
https://doi.org/10.1371/journal.pone.0263393

PLOS ONE

From resilience to satisfaction: Defining supply chain solution for agri-food SMEs through quality approach

13.

14.

15.

16.

17.

18.

19.

20.

21.

22,

23.

24,

25.

26.

27.

28.

29.

30.

31.

32.

Yazdani M, Gonzalez E, Chatterjee P. A multi-criteria decision-making framework for agriculture supply
chain risk management under a circular economy context. Management Decision. 2019; 59(8):1801—
1826. https://doi.org/10.1108/md-10-2018-1088

Fargnoli M, Costantino F, Di Gravio G, Tronci M. Product service-systems implementation: A custom-
ized framework to enhance sustainability and customer satisfaction. Journal of Cleaner Production.
2018; 188:387—-401. https://doi.org/10.1016/j.jclepro.2018.03.315

Haq A, Boddu V. Analysis of enablers for the implementation of leagile supply chain management using
an integrated fuzzy QFD approach. Journal of Intelligent Manufacturing. 2014; 28(1):1-12. https://doi.
org/10.1007/s10845-014-0957-9

Séenz M, Knoppen D, Tachizawa E. Building manufacturing flexibility with strategic suppliers and con-
tingent effect of product dynamism on customer satisfaction. Journal of Purchasing and Supply Man-
agement. 2018; 24(3):238-246. https://doi.org/10.1016/j.pursup.2017.07.002

De Pelsmaeker S, Gellynck X, Delbaere C, Declercq N, Dewettinck K. Consumer-driven product devel-
opment and improvement combined with sensory analysis: A case-study for European filled chocolates.
Food Quality and Preference. 2015; 41:20-29. https://doi.org/10.1016/j.foodqual.2014.10.009

Raut R, Gardas B, Narwane V, Narkhede B. Improvement in the food losses in fruits and vegetable sup-
ply chain—a perspective of cold third-party logistics approach. Operations Research Perspectives.
2019; 6:100117. https://doi.org/10.1016/j.0rp.2019.100117

Kobayashi T, Kularatne J, Taneichi Y, Aihara N. Analysis of food bank implementation as formal care
assistance in Korea. British Food Journal. 2018; 120(1):182—195. https://doi.org/10.1108/bfj-03-2017-
0138

Wicaksono T, Hossain M, lllés C. Prioritizing Business Quality Improvement of Fresh Agri-Food SMEs
through Open Innovation to Survive the Pandemic: A QFD-Based Model. Journal of Open Innovation:
Technology, Market, and Complexity. 2021; 7(2):156. https://doi.org/10.3390/joitmc7020156

Park S, Lehto X, Lehto M. Self-service technology kiosk design for restaurants: An QFD application.
International Journal of Hospitality Management. 2021; 92:102757. https://doi.org/10.1016/j.ijhm.2020.
102757

Lee C, RuC, Yeung C, Choy K, Ip W. Analyze the healthcare service requirement using fuzzy QFD.
Computers in Industry. 2015; 74:1-15. https://doi.org/10.1016/j.compind.2015.08.005

Wang Y, Lee C, Trappey A. Service design blueprint approach incorporating TRIZ and service QFD for
a meal ordering system: A case study. Computers & Industrial Engineering. 2017; 107:388—400. https:/
doi.org/10.1016/j.cie.2017.01.013

Djekic I, Skunca D, Nastasijevic |, Tomovic V, Tomasevic |. Transformation of quality aspects through-
out the chicken meat supply chain. British Food Journal. 2018; 120(5):1132—1150. https://doi.org/10.
1108/bfj-08-2017-0432

Sayadi S, Erraach Y, Parra-Lépez C. Translating consumer’s olive-oil quality-attribute requirements
into optimal olive-growing practices. British Food Journal. 2017; 119(1):190-214. https://doi.org/10.
1108/bfj-05-2016-0228

Behzadi G, O’Sullivan M, Olsen T, Zhang A. Agribusiness supply chain risk management: A review of
quantitative decision models. Omega. 2018; 79:21—-42. https://doi.org/10.1016/j.omega.2017.07.005

Dai M, Liu L. Risk assessment of agricultural supermarket supply chain in big data environment. Sus-
tainable Computing: Informatics and Systems. 2020; 28:100420. https://doi.org/10.1016/j.suscom.
2020.100420

Jianying F, Bianyu Y, Xin L, Dong T, Weisong M. Evaluation on risks of sustainable supply chain based
on optimized BP neural networks in fresh grape industry. Computers and Electronics in Agriculture.
2021; 183:105988. https://doi.org/10.1016/j.compag.2021.105988

Patterson G, Thomas L, Coyne L, Rushton J. Moving health to the heart of agri-food policies; mitigating
risk from our food systems. Global Food Security. 2020; 26:100424. https://doi.org/10.1016/j.gfs.2020.
100424 PMID: 32904586

Chowdhury P, Paul S, Kaisar S, Moktadir M. COVID-19 pandemic related supply chain studies: A sys-
tematic review. Transportation Research Part E: Logistics and Transportation Review. 2021;
148:102271. https://doi.org/10.1016/j.tre.2021.102271 PMID: 33613082

UNCTAD. Maximizing sustainable agri-food supply chain opportunity to redress covid-19 in developing
countries. UNCTAD—Divison on International Trade and Commodities. 23 Dec 2020. Available from:
https://unctad.org/webflyer/maximizing-sustainable-agri-food-supply-chain-opportunities-redress-
covid-19-developing.

Belhadi A, Kamble S, Jabbour C, Gunasekaran A, Ndubisi N, Venkatesh M. Manufacturing and service
supply chain resilience to the COVID-19 outbreak: Lessons learned from the automobile and airline

PLOS ONE | https://doi.org/10.1371/journal.pone.0263393 February 2, 2022 17/20


https://doi.org/10.1108/md-10-2018-1088
https://doi.org/10.1016/j.jclepro.2018.03.315
https://doi.org/10.1007/s10845-014-0957-9
https://doi.org/10.1007/s10845-014-0957-9
https://doi.org/10.1016/j.pursup.2017.07.002
https://doi.org/10.1016/j.foodqual.2014.10.009
https://doi.org/10.1016/j.orp.2019.100117
https://doi.org/10.1108/bfj-03-2017-0138
https://doi.org/10.1108/bfj-03-2017-0138
https://doi.org/10.3390/joitmc7020156
https://doi.org/10.1016/j.ijhm.2020.102757
https://doi.org/10.1016/j.ijhm.2020.102757
https://doi.org/10.1016/j.compind.2015.08.005
https://doi.org/10.1016/j.cie.2017.01.013
https://doi.org/10.1016/j.cie.2017.01.013
https://doi.org/10.1108/bfj-08-2017-0432
https://doi.org/10.1108/bfj-08-2017-0432
https://doi.org/10.1108/bfj-05-2016-0228
https://doi.org/10.1108/bfj-05-2016-0228
https://doi.org/10.1016/j.omega.2017.07.005
https://doi.org/10.1016/j.suscom.2020.100420
https://doi.org/10.1016/j.suscom.2020.100420
https://doi.org/10.1016/j.compag.2021.105988
https://doi.org/10.1016/j.gfs.2020.100424
https://doi.org/10.1016/j.gfs.2020.100424
http://www.ncbi.nlm.nih.gov/pubmed/32904586
https://doi.org/10.1016/j.tre.2021.102271
http://www.ncbi.nlm.nih.gov/pubmed/33613082
https://unctad.org/webflyer/maximizing-sustainable-agri-food-supply-chain-opportunities-redress-covid-19-developing
https://unctad.org/webflyer/maximizing-sustainable-agri-food-supply-chain-opportunities-redress-covid-19-developing
https://doi.org/10.1371/journal.pone.0263393

PLOS ONE

From resilience to satisfaction: Defining supply chain solution for agri-food SMEs through quality approach

33.

34.

35.

36.

37.

38.

39.

40.

41.

42,

43.

44.

45.

46.

47.

48.

49.

50.

51.

52.

industries. Technological Forecasting and Social Change. 2021; 163:120447. https://doi.org/10.1016/].
techfore.2020.120447 PMID: 33518818

Ali M, Suleiman N, Khalid N, Tan K, Tseng M, Kumar M. Supply chain resilience reactive strategies for
food SMEs in coping to COVID-19 crisis. Trends in Food Science & Technology. 2021; 109:94-102.
https://doi.org/10.1016/j.tifs.2021.01.021 PMID: 34728899

Coopmans |, Bijttebier J, Marchand F, Mathijs E, Messely L, Rogge E, et al. COVID-19 impacts on
Flemish food supply chains and lessons for agri-food system resilience. Agricultural Systems. 2021;
190:103136. https://doi.org/10.1016/j.agsy.2021.103136

Soni U, Jain V, Kumar S. Measuring supply chain resilience using a deterministic modeling approach.
Computers & Industrial Engineering. 2014; 74:11-25. https://doi.org/10.1016/j.cie.2014.04.019

Hecht A, Biehl E, Barnett D, Neff R. Urban Food Supply Chain Resilience for Crises Threatening Food
Security: A Qualitative Study. Journal of the Academy of Nutrition and Dietetics. 2019; 119(2):211-224.
https://doi.org/10.1016/j.jand.2018.09.001 PMID: 30527912

Rajesh R. Flexible business strategies to enhance resilience in manufacturing supply chains: An empiri-
cal study. Journal of Manufacturing Systems. 2021; 60:903-919. https://doi.org/10.1016/j.jmsy.2020.
10.010

Winkler H. How to improve supply chain flexibility using strategic supply chain networks. Logistics
Research. 2008; 1(1):15-25. https://doi.org/10.1007/s12159-008-0001-6

Li J, Luo X, Wang Q, Zhou W. Supply chain coordination through capacity reservation contract and
quantity flexibility contract. Omega. 2021; 99:102195. https://doi.org/10.1016/j.omega.2020.102195

Spieske A, Birkel H. Improving supply chain resilience through industry 4.0: A systematic literature
review under the impressions of the COVID-19 pandemic. Computers & Industrial Engineering. 2021;
158:107452. https://doi.org/10.1016/j.cie.2021.107452

Mubarik M, Naghavi N, Mubarik M, Kusi-Sarpong S, Khan S, Zaman S, et al. Resilience and cleaner
production in industry 4.0: Role of supply chain mapping and visibility. Journal of Cleaner Production.
2021;292:126058. https://doi.org/10.1016/j.jclepro.2021.126058

Lohmer J, Bugert N, Lasch R. Analysis of resilience strategies and ripple effect in blockchain-coordi-
nated supply chains: An agent-based simulation study. International Journal of Production Economics.
2020; 228:107882. https://doi.org/10.1016/}.ijpe.2020.107882 PMID: 32834505

Dania W, Xing K, Amer Y. The assessment of collaboration quality: a case of sugar supply chain in Indo-
nesia. International Journal of Productivity and Performance Management. 2020;ahead-of-print(ahead-
of-print). https://doi.org/10.1108/ijppm-11-2019-0527

Djekic I, Radivojevic D, Milivojevic J. Quality perception throughout the apple fruit chain. Journal of
Food Measurement and Characterization. 2019; 13(4):3106-3118. https://doi.org/10.1007/s11694-
019-00233-1

Zarei M., Fakhrzad M. and Jamali Paghaleh M. (2011), "Food supply chain leanness using a developed
QFD model", Journal of Food Engineering, Vol. 102 No. 1, pp. 25-33. https://doi.org/https%3A//doi.
org/10.1016/j.jfoodeng.2010.07.026

Cardoso J, Casarotto Filho N, Cauchick Miguel P. Application of Quality Function Deployment for the
development of an organic product. Food Quality and Preference. 2015; 40:180-190. https://doi.org/10.
1016/j.foodqual.2014.09.012

Ocampo L, Labrador J, Jumao-as A, Rama A. Integrated multiphase sustainable product design with a
hybrid quality function deployment—multi-attribute decision-making (QFD-MADM) framework. Sustain-
able Production and Consumption. 2020; 24:62—78. https://doi.org/10.1016/j.spc.2020.06.013

Elleuch H, Dafaoui E, El Mhamedi A, Chabchoub H. A Quality Function Deployment approach for Pro-
duction Resilience improvement in Supply Chain: Case of Agrifood Industry. IFAC-PapersOnLine.
2016; 49(31):125-130. https://doi.org/10.1016/j.ifacol.2016.12.173

Kumar P, Kumar Singh R. Strategic framework for developing resilience in Agri-Food Supply Chains
during COVID 19 pandemic. International Journal of Logistics Research and Applications. 2021; 1-24.
https://doi.org/10.1080/13675567.2021.1908524

Wang H, Fang Z, Wang D, Liu S. An integrated fuzzy QFD and grey decision-making approach for sup-
ply chain collaborative quality design of large complex products. Computers & Industrial Engineering.
2020; 140:106212. https://doi.org/10.1016/j.cie.2019.106212

Wu X, Hong Z, Li Y, Zhou F, Niu Y, Xue C. A function combined baby stroller design method developed
by fusing Kano, QFD and FAST methodologies. International Journal of Industrial Ergonomics. 2020;
75:102867. https://doi.org/10.1016/j.ergon.2019.102867

Sekaran U, Bougie R. Research Methods For Business: A Skill Building Approach Seventh Edition. 7th
ed. West Sussex, United Kingdom: John Wiley & Sons; 2016.

PLOS ONE | https://doi.org/10.1371/journal.pone.0263393 February 2, 2022 18/20


https://doi.org/10.1016/j.techfore.2020.120447
https://doi.org/10.1016/j.techfore.2020.120447
http://www.ncbi.nlm.nih.gov/pubmed/33518818
https://doi.org/10.1016/j.tifs.2021.01.021
http://www.ncbi.nlm.nih.gov/pubmed/34728899
https://doi.org/10.1016/j.agsy.2021.103136
https://doi.org/10.1016/j.cie.2014.04.019
https://doi.org/10.1016/j.jand.2018.09.001
http://www.ncbi.nlm.nih.gov/pubmed/30527912
https://doi.org/10.1016/j.jmsy.2020.10.010
https://doi.org/10.1016/j.jmsy.2020.10.010
https://doi.org/10.1007/s12159-008-0001-6
https://doi.org/10.1016/j.omega.2020.102195
https://doi.org/10.1016/j.cie.2021.107452
https://doi.org/10.1016/j.jclepro.2021.126058
https://doi.org/10.1016/j.ijpe.2020.107882
http://www.ncbi.nlm.nih.gov/pubmed/32834505
https://doi.org/10.1108/ijppm-11-2019-0527
https://doi.org/10.1007/s11694-019-00233-1
https://doi.org/10.1007/s11694-019-00233-1
https://doi.org/https%3A//doi.org/10.1016/j.jfoodeng.2010.07.026
https://doi.org/https%3A//doi.org/10.1016/j.jfoodeng.2010.07.026
https://doi.org/10.1016/j.foodqual.2014.09.012
https://doi.org/10.1016/j.foodqual.2014.09.012
https://doi.org/10.1016/j.spc.2020.06.013
https://doi.org/10.1016/j.ifacol.2016.12.173
https://doi.org/10.1080/13675567.2021.1908524
https://doi.org/10.1016/j.cie.2019.106212
https://doi.org/10.1016/j.ergon.2019.102867
https://doi.org/10.1371/journal.pone.0263393

PLOS ONE

From resilience to satisfaction: Defining supply chain solution for agri-food SMEs through quality approach

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

70.

71.

72.

Kline P. Handbook of Psychological Testing. 2nded. London: Routledge; 2013; https://doi.org/10.
4324/9781315812274

Albrecht A, Herbert U, Miskel D, Heinemann C, Braun C, Dohlen S, et al. Effect of methionine supple-
mentation in chicken feed on the quality and shelf life of fresh poultry meat. Poultry Science. 2017; 96
(8):2853-2861. https://doi.org/10.3382/ps/pex071 PMID: 28419366

Barbosa M. Uncovering research streams on agri-food supply chain management: A bibliometric study.
Global Food Security. 2021; 28:100517. https://doi.org/10.1016/j.gfs.2021.100517

Dania W, Xing K, Amer Y. Collaboration behavioural factors for sustainable agri-food supply chains: A
systematic review. Journal of Cleaner Production. 2018; 186:851-864. https://doi.org/10.1016/}.jclepro.
2018.03.148

Lagerkvist C, Amuakwa-Mensah F, Tei Mensah J. How consumer confidence in food safety practices
along the food supply chain determines food handling practices: Evidence from Ghana. Food Control.
2018; 93:265-273. hitps://doi.org/10.1016/j.foodcont.2018.06.019

Horvat A, Behdani B, Fogliano V, Luning P. A systems approach to dynamic performance assessment
in new food product development. Trends in Food Science & Technology. 2019; 91:330-338. https://
doi.org/10.1016/).tifs.2019.07.036

Singh R, Luthra S, Mangla S, Uniyal S. Applications of information and communication technology for
sustainable growth of SMEs in India food industry. Resources, Conservation and Recycling. 2019;
147:10-18. https://doi.org/10.1016/j.resconrec.2019.04.014

Ding H, FuY, Zheng L, Yan Z. Determinants of the competitive advantage of dairy supply chains: Evi-
dence from the Chinese dairy industry. International Journal of Production Economics. 2019; 209:360—
373. https://doi.org/10.1016/}.ijpe.2018.02.013

Mangla S, Kumar P, Barua M. Risk analysis in green supply chain using fuzzy AHP approach: A case
study. Resources, Conservation and Recycling. 2015; 104:375-390. https://doi.org/10.1016/j.
resconrec.2015.01.001

Kwesi-Buor J, Menachof D, Talas R. Scenario analysis and disaster preparedness for port and maritime
logistics risk management. Accident Analysis & Prevention. 2019; 123:433—447. https://doi.org/10.
1016/j.2ap.2016.07.013 PMID: 27491716

Esteso A, Alemany M, Ortiz A. Impact of product perishability on agri-food supply chains design.
Applied Mathematical Modelling. 2021; 96:20-38. https://doi.org/10.1016/j.apm.2021.02.027

Becker K, Smidt M. A risk perspective on human resource management: A review and directions for
future research. Human Resource Management Review. 2016; 26(2):149-165. https://doi.org/10.1016/
j.hrmr.2015.12.001

Jouzdani J, Govindan K. On the sustainable perishable food supply chain network design: A dairy prod-
ucts case to achieve sustainable development goals. Journal of Cleaner Production. 2021; 278:123060.
https://doi.org/10.1016/j.jclepro.2020.123060

Cedillo-Campos M, Pérez-Salas G, Bueno-Solano A, Gonzalez-Ramirez R, Jimenez-Sanchez E. Sup-
ply Chain Disruptions Propagation Caused by Criminal Acts. Journal of Applied Research and Technol-
ogy. 2014; 12(4):684—694. https://doi.org/10.1016/s1665-6423(14)70085-9

Bhat R, Reddy K. Challenges and issues concerning mycotoxins contamination in oil seeds and their
edible oils: Updates from last decade. Food Chemistry. 2017; 215:425-437. https://doi.org/10.1016/j.
foodchem.2016.07.161 PMID: 27542495

Park M, Sangwanangkul P, Choi J. Reduced chilling injury and delayed fruit ripening in tomatoes with
modified atmosphere and humidity packaging. Scientia Horticulturae. 2018; 231:66—72. https://doi.org/
10.1016/j.scienta.2017.12.021

Han S, Roy P, Hossain M, Byun K, Choi C, Ha S. COVID-19 pandemic crisis and food safety: Implica-
tions and inactivation strategies. Trends in Food Science & Technology. 2021; 109:25-36. https://doi.
org/10.1016/).tifs.2021.01.004 PMID: 33456205

Rudy M, Kainz M, Graeve M, Colombo S, Arts M. Handling and Storage Procedures Have Variable
Effects on Fatty Acid Content in Fishes with Different Lipid Quantities. PLOS ONE. 2016; 11(8):
€0160497. https://doi.org/10.1371/journal.pone.0160497 PMID: 27479304

Nguyen D, Imamura F, luchi K. Barriers towards hotel disaster preparedness: Case studies of post
2011 Tsunami, Japan. International Journal of Disaster Risk Reduction. 2018; 28:585-594. https://doi.
org/10.1016/j.ijdrr.2018.01.008

Yangl, YeZ, Lee C, Yang S, Peng R. A two-phase preventive maintenance policy considering imper-
fect repair and postponed replacement. European Journal of Operational Research. 2019; 274(3):966—
977. https://doi.org/10.1016/j.ejor.2018.10.049

PLOS ONE | https://doi.org/10.1371/journal.pone.0263393 February 2, 2022 19/20


https://doi.org/10.4324/9781315812274
https://doi.org/10.4324/9781315812274
https://doi.org/10.3382/ps/pex071
http://www.ncbi.nlm.nih.gov/pubmed/28419366
https://doi.org/10.1016/j.gfs.2021.100517
https://doi.org/10.1016/j.jclepro.2018.03.148
https://doi.org/10.1016/j.jclepro.2018.03.148
https://doi.org/10.1016/j.foodcont.2018.06.019
https://doi.org/10.1016/j.tifs.2019.07.036
https://doi.org/10.1016/j.tifs.2019.07.036
https://doi.org/10.1016/j.resconrec.2019.04.014
https://doi.org/10.1016/j.ijpe.2018.02.013
https://doi.org/10.1016/j.resconrec.2015.01.001
https://doi.org/10.1016/j.resconrec.2015.01.001
https://doi.org/10.1016/j.aap.2016.07.013
https://doi.org/10.1016/j.aap.2016.07.013
http://www.ncbi.nlm.nih.gov/pubmed/27491716
https://doi.org/10.1016/j.apm.2021.02.027
https://doi.org/10.1016/j.hrmr.2015.12.001
https://doi.org/10.1016/j.hrmr.2015.12.001
https://doi.org/10.1016/j.jclepro.2020.123060
https://doi.org/10.1016/s1665-6423%2814%2970085-9
https://doi.org/10.1016/j.foodchem.2016.07.161
https://doi.org/10.1016/j.foodchem.2016.07.161
http://www.ncbi.nlm.nih.gov/pubmed/27542495
https://doi.org/10.1016/j.scienta.2017.12.021
https://doi.org/10.1016/j.scienta.2017.12.021
https://doi.org/10.1016/j.tifs.2021.01.004
https://doi.org/10.1016/j.tifs.2021.01.004
http://www.ncbi.nlm.nih.gov/pubmed/33456205
https://doi.org/10.1371/journal.pone.0160497
http://www.ncbi.nlm.nih.gov/pubmed/27479304
https://doi.org/10.1016/j.ijdrr.2018.01.008
https://doi.org/10.1016/j.ijdrr.2018.01.008
https://doi.org/10.1016/j.ejor.2018.10.049
https://doi.org/10.1371/journal.pone.0263393

PLOS ONE

From resilience to satisfaction: Defining supply chain solution for agri-food SMEs through quality approach

73.

74.

75.

76.

77.

78.

Mithun Ali S, Moktadir M, Kabir G, Chakma J, Rumi M, Islam M. Framework for evaluating risks in food
supply chain: Implications in food wastage reduction. Journal of Cleaner Production. 2019; 228:786—
800. https://doi.org/10.1016/j.jclepro.2019.04.322

Kim M, Chai S. The impact of supplier innovativeness, information sharing and strategic sourcing on
improving supply chain agility: Global supply chain perspective. International Journal of Production Eco-
nomics. 2017; 187:42-52. https://doi.org/10.1016/j.ijpe.2017.02.007

Huber J, Gossmann A, Stuckenschmidt H. Cluster-based hierarchical demand forecasting for perish-
able goods. Expert Systems with Applications. 2017; 76:140-151. https://doi.org/10.1016/j.eswa.2017.
01.022

Lezoche M, Hernandez J, Alemany Diaz M, Panetto H, Kacprzyk J. Agri-food 4.0: A survey of the sup-
ply chains and technologies for the future agriculture. Computers in Industry. 2020; 117:103187. https:/
doi.org/10.1016/j.compind.2020.103187

Saleh J, Tikayat Ray A, Zhang K, Churchwell J. Maintenance and inspection as risk factors in helicopter
accidents: Analysis and recommendations. PLOS ONE. 2019; 14(2):e0211424. https://doi.org/10.
1371/journal.pone.0211424 PMID: 30707734

Zafar N, Ul Haq |. Traffic congestion prediction based on Estimated Time of Arrival. PLOS ONE. 2020;
15(12):e0238200. https://doi.org/10.1371/journal.pone.0238200 PMID: 33326460

PLOS ONE | https://doi.org/10.1371/journal.pone.0263393 February 2, 2022 20/20


https://doi.org/10.1016/j.jclepro.2019.04.322
https://doi.org/10.1016/j.ijpe.2017.02.007
https://doi.org/10.1016/j.eswa.2017.01.022
https://doi.org/10.1016/j.eswa.2017.01.022
https://doi.org/10.1016/j.compind.2020.103187
https://doi.org/10.1016/j.compind.2020.103187
https://doi.org/10.1371/journal.pone.0211424
https://doi.org/10.1371/journal.pone.0211424
http://www.ncbi.nlm.nih.gov/pubmed/30707734
https://doi.org/10.1371/journal.pone.0238200
http://www.ncbi.nlm.nih.gov/pubmed/33326460
https://doi.org/10.1371/journal.pone.0263393

