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Abstract

:

As a result of China launching its belt and road initiatives, an increasing number of firms are searching for an approach to developing sustainability. In particular, agribusinesses are encountering difficulties exploring decisive practices for sustainable food in a context involving diverse stakeholders. To clarify these differences in expectations between agribusinesses and their stakeholders, this study employs vague sets associated with interpretive structural modelling to develop a framework for agribusinesses and their customers. A comparison of these two frameworks reveals that the government still plays a key role in motivating sustainable food development in terms of establishing the relevant regulations and processes. Moreover, the customer is the final stakeholder that must be taken into account by agribusiness. Both agribusinesses and customers are concerned about health and safety considerations in sustainable food. Further details related to this context are addressed in the present study.






Keywords:


sustainable food; stakeholder theory; agribusiness; vague interpretive structural modelling












1. Introduction


In recent years, the Chinese government has established several regulations to simultaneously achieve economic growth, reduce environmental impacts and enhance social expectations under its belt and road initiatives. Specifically, relevant policies and regulations are being established that require compliance from agribusinesses [1,2]. To ensure that agribusinesses fully conform to the regulations, they have reconnected with their points of origin—farmers and agricultural products—for monitoring and assessment. Thus, Chinese agribusinesses have played an important role by taking responsibility for distributing knowledge, environmental awareness and methods to ensure that the points of origin can fulfil regulations and prevent negative impacts on the environment [3]. In addition, agribusinesses are also responsible for preventing environmental impacts through their own operational management [4,5]. Pursuing sustainable food (Several terms related to sustainable food are being discussed in China, e.g., “green food”, “organic food” and so on, but none can fully express the concept of sustainable food. Thus, this study proposes a precise definition to address this gap. ‘Sustainable food’ refers to food that complies with standards and regulations, has no additives, and involves the use of no toxic or harmful substances during the entire production process. It requires quality control from field to table to ensure that it simultaneously meets all environmental, social and economic criteria) production thus becomes a major practice that must balance economic, environmental and social considerations. However, the field still lacks concern for its stakeholders, which may generate inefficient practices among agribusiness.



Agribusiness has found it difficult to identify an appropriate model to launch sustainable food practices because it requires cooperation with diverse stakeholders [6]. Stakeholder theory provides a new concept to illustrate the effects of management: it shows that the needs of shareholders can be satisfied without fulfilling the needs of stakeholders [7,8]. The most important function of this theory is that it distinguishes the different needs among stakeholders and then identifies the appropriate activities to respond to their needs. Generally, the term ‘stakeholders’ refers to customers, employees, shareholders, communities and other subjects [9]. When considering sustainable food, all of these subjects have their own opinions. However, most studies focus on a single stakeholder when discussing sustainable food [10]. Although several studies perceive the significance of stakeholders, they still conduct their analysis solely from the viewpoint of agribusinesses [11]. To overcome these gaps, this study proposes vague interpretive structural modelling (VISM), which integrates vague sets and modelling to develop comparison frameworks.



Vague sets are used to reduce the uncertainty of assessments. Subsequently, interpretive structural modelling (ISM) enables the simplification of complex issues into a structural framework. Such a framework offers an important way for agribusinesses to identify problems [12]. A structural framework offers precise guidelines for agribusinesses to launch efficient and effective sustainable food practices with limited resources. The appropriate structural framework can enhance the accuracy of decision making and strategy [13]. Although structural and/or hierarchical frameworks have been widely developed and applied to solve decision-making problems, there is still a complex interrelationship within the problem. Thus, Shi et al. [14] developed a closed-loop hierarchical framework to consider these interrelationships to improve corporate sustainable development in the manufacturing industry. Subsequently, Tseng and Bui [15] proposed a novel approach to construct a framework to search for industrial symbiosis in the textile industry. Nevertheless, the field still lacks a precise framework to guide agribusinesses in launching sustainable food practices.



Therefore, the objective of this study is to adopt stakeholder theory in association with sustainable food practices to structure frameworks that allow comparison between customers and agribusiness to identify their differences, improve practices and offer a basis to support the theory. The frameworks are compared so that customers and agribusinesses can understand the difference in perceptions between them; this will break through the current viewpoint that only focuses on the firm’s side and provide more quantitative data to support the development of sustainable food production while considering the customer. In addition, the proposed method reduces the uncertainty of assessment and considers the degree of hesitancy of the evaluator to improve the quality of decisions. The remainder of this study is organized into five sections. Section two delivers a comprehensive literature review to support the main points of this study. A detailed discussion of VISM computations and the proposed analytical procedures are addressed in section three. Section four introduces the case and analytical results. Section five presents the theoretical and managerial implications. The conclusions, research limitations and suggestions for future study are provided in the final section.




2. Literature Review


This section includes four subsections. The first part introduces the background of stakeholder theory. The second part presents the relevant literature in terms of sustainable food and gives a precise definition of sustainable food. The proposed method and measures are presented in the third and fourth parts, respectively.



2.1. Stakeholder Theory


The origin of the stakeholder concept arises from the field of company management, introduced by Freeman and defined as “any group or individual who affects or is affected by the decisions and the achievement of corporate objectives” [16]. It is one of the broadest definitions in the literature. Later, Thompson et al. [17] defined stakeholders as “the group who has the relationship with the organization”. Johnson and Scholes [18] suggested that “stakeholders are those individuals or groups who depend on the organization to fulfil their own goals, also the organization depends on them in return”. For a company, stakeholders include customers, suppliers, employees, and the local community. The basic practical idea of stakeholder theory is that the success of a company is highly dependent on smooth cooperation with its stakeholders [19]. Stakeholder theory recognizes that within any organizational context, there are various individuals and groups who support and influence the organization, and they are reciprocally supported and influenced [16,20]. Stakeholder theory requires managers to consider all the stakeholders in their unique operational setting and to ensure ethical, equitable and successful relationships among the organization, individuals, and networks of stakeholders.



Stakeholder theory accepts the existence of different ideas about the optimum performance of a company and the varied abilities of different stakeholders to influence organizational activities [21]. The different roles and advantages in organizational operations require stakeholders to function optimally to achieve common interests. For instance, suppliers share information about the production process, and they work with other suppliers to reduce costs and improve product quality [22]. Thus, companies establish a good relationship with their suppliers by providing high quality products and services to customers and motivating employees to improve their performance [23]. In addition, governments must increase the support and transparency of activities by promoting stakeholder engagement [24]. Subsequently, customers embrace company policies or participate in the user-led innovation process to contribute added value [25].



Many researchers have applied this theory in multiple fields by clarifying the behaviour and expectations among different stakeholders. Zaharia & Zaharia [26] showed that such clarification can enhance the positive relationship between social performance and financial performance. Thus agribusiness must realize that stakeholders’ interests are a priority for reaching common goals. Manders et al. [27] adopted this perspective to examine the flexibility of the food supply chain among supplier, manufacturer, logistic service provider and retailer. Allaoui et al. [28] considered several stakeholders by investigating the sustainable development among an agri-food supply chain. To maximize the performance and overcome the gaps for promoting sustainable food under belt and road initiatives, this study utilizes stakeholder theory to identify the expectations between agribusiness and customers.




2.2. Agribusiness


As a result of food shortages and climate change, agribusiness strives to launch sustainable food practices to ensure humanity’s survival. This approach can be traced to 1957 when Davis and Goldberg [29], (p. 136) defined agribusiness as “the sum of all operations involved in manufacture and distribution of farm supplies, production operations on the farm, and the storage, processing, and distribution of farm commodities.” Agribusiness is used to convey an aggregate view of agriculture and its business-related activities, covering the multiple functions and processes that are involved in modern food production and distribution [30], (p. 77). To reflect the situation of modern agribusiness, Zylbersztajn [31] attempted to analyse the origin, evolution and perspective among agribusiness systems by exploring the guidelines.



Many businesses are pursuing sustainability, and agribusiness is not an exception. Agribusiness strives to launch sustainable food practices to promote competitive advantage. Dlamini et al. [32] used Porter’s theory to identify the factors that affect agribusiness competitiveness in Swaziland. Adenle et al. [33] explored the key drivers and risk factors underlying agribusiness competitiveness in developing countries, taking Nigeria as a case to conduct an in-depth analysis. Behzadi et al. [34] adopted a supply chain management view to review the relevant literature on quantitative risk management models for agribusiness. Shekhawat et al. [35] developed the process and structure of agribusiness and agro-processing in Uttar Pradesh.



However, attempts to strengthen agribusiness cannot overlook the stakeholders. Thus, several studies have tried to address the relationship between stakeholders and agribusiness. Geldes & Felzensztein [36] conducted a study to explore the relationship between different stakeholders (i.e., other companies, providers, clients) and agribusiness. Mueller & Theuvsen [37] determined consumer attitudes towards corporate social responsibility in agribusiness and found that the government’s participation in a company’s corporate social responsibility has the greatest impact on consumer attitude. Although these studies have attempted to explore the relationship with diverse stakeholders, there is still a lack of a precise framework for agribusinesses to improve sustainability. Thus, this study proposes VISM associated with sustainable food practices in developing a hierarchical structure for guiding the agribusinesses that are part of China’s belt and road initiatives.




2.3. Proposed Method


Decision-makers’ judgements are often vague and uncertain and cannot be expressed with exact numbers. It is more rational for decision-makers to adopt imprecise linguistic terms to express their judgements. Fuzzy set theory offers the possibility of processing data and information that involve the subjective characteristics of human nature in the decision-making process [38]. Zhang et al. [39] indicated that, to some degree, vague sets have a more powerful ability to process fuzzy information than fuzzy sets. Zeng et al. [40] agreed that vague set theory is becoming increasingly popular in addressing decision-making problems because it has a more powerful expressive ability than fuzzy numbers, and it retains the ability of vague-valued fuzzy measures to model among indexes. Vague set theory improves the description of the objective, real world and is thus a promising tool to address inexact, uncertain or vague knowledge [41,42]. Therefore, vague sets can overcome the barrier of imprecise information, providing an essential tool for decision-makers to evaluate respondents’ information [43].



ISM is used to transform unclear, poorly articulated mental models into visible, well-addressed models [44,45]. The purpose of using ISM is to analyse complicated issues according to systematic and logical thinking supported by the judgement of experts [46,47]. Mathiyazhagan et al. [48] emphasized that experts’ practical experience and knowledge can be used to decompose a complicated system into several sub-systems (elements) and construct a multilevel structural model. Zhang et al. [49] used ISM to analyse the relationship between the factors that impact a network reconfiguration. Shen et al. [50] examined and evaluated the factors that affect the implementation of an emission trading system in the building sector based on a hierarchical structure. These studies have shown that ISM has been applied in a wide range of fields to overcome real-world problems.



ISM requires experts to make the judgements in exploring the guidelines of sustainable food development. However, these judgements include considerable uncertainties, which cannot be directly utilized in numerical computation. To address this gap, vague sets are proposed. Subsequently, building a hierarchical structure can help to identify the differences between agribusiness and customer. These differences enable the provision of evidence in supporting the establishment of government regulations as well as leading agribusiness to improve its current performance in sustainable food practices.




2.4. Proposed Measures


Agribusiness aims to achieve sustainable food production and consumption, which is driven by the customers (A1). Gao et al. [51] indicated that individual lifestyle, diet, consumption habits and food preferences influence the selection of food. Grunert et al. [52] found that customers are willing to pay a higher price to buy sustainable food (C1), which can promote agribusiness in its production of relevant products. As a result of customers’ environmental awareness, there has been a rapid increase in concern about the attributes of food with regard to environmental friendliness (C2). Moreover, health and safety considerations are part of the customer considerations (C3) that motivate agribusiness in its selection of materials and processing methods to achieve sustainable food production modes [53]. Subsequently, the better taste (C4) and better quality (C5) of sustainable food not only obtain more customers, but can also promote the consumption of sustainable food [51].



The government (A2) plays an important role among stakeholders with a greater capacity to influence the food processing and dietary habits among the entire population. Thus, the government must ensure safety among the procedures of each food item that is produced, and then encourage the population to select healthy foods to prevent the negative impacts on the environment and to increase the public’s health and welfare [54]. By establishing relevant regulations (C6), the government can require food suppliers to meet standards and maintain quality from raw materials to the end product [55]. Furthermore, developing sustainable label certification (C7) through government approval will increase the credibility of sustainable food as well as promote customers’ confidence in selection and competition in the market [56]. Although the government has several relevant regulations and certification systems have been launched in the current market, the government still must collect comprehensive data to improve its food safety certification systems (C8) to continuously mitigate any claims that emerge [57]. To ensure the beginnings of sustainable food production achieves the proper standards, the government provides subsidies and loans (C9) to support farmers to adopt environmentally friendly cultivation to guarantee that the beginning of food production is sustainable [58]. Next, tax reductions for the sale of sustainable food (C9) are an effective and efficient instrument to push the public towards choosing sustainable food [59].



The supplier (A3) can generate competitive advantage while cooperating closely with other stakeholders [19]. Thus, agribusinesses can increase the connection with their suppliers to ensure that social and environmental efforts run smoothly. During the production procedure, suppliers must comply with food quality standards (C11) and reduce the occurrence of risk (C12) to ensure the food supply [60]. Suppliers must also develop knowledge management in food production processes (C13) to trace the use of pesticides and other inputs [61]. A food traceability system (C14) that records data provides information to suppliers, such as origin, to promote food security and quality control, which can be considered to be a competitive advantage [62]. In addition, suppliers should pay more attention to natural resource management (C15) and the use of certified plant material (C16) to reduce environmental hazards and ensure food quality [63,64].



To increase financial returns and cut operational costs while launching sustainable food practices, agribusiness (A4) activities are particularly important, especially strengthening collaboration with suppliers (C17). This relies on the measurements of sustainability in terms of sustainable food development [65]. However, risk management (C18) plays a significant role in the operation management of agribusiness, especially for social sustainability issues, such as health and human risks [66]. To prevent risk occurrences, the use of safe facilities (C19) is important in launching sustainable food practices [67], as it ensures the safety and health of labourers. Once labourers feel that agribusiness considers them to be an asset, labour productivity can be improved (C20) to increase economic growth [68]. Agribusiness can also engage a price competition strategy (C21) to expand market share in promoting economic growth; however, it must consider company reputation (C22). Based on the above discussion, the proposed measures are listed in Table 1.





3. Research Method


3.1. Vague Sets


Within fuzzy set theory, the object   Q   is attributed to   V  . Therein,   V   represents a discourse universe;   Q   is the degree of membership, which is expressed in a pointed-based value between 0 and 1. Nevertheless, there is a disadvantage in that the theory only considers a single membership value with positive support [69]. This omits the negative concerns that reflect the real problem. Hence, vague sets are proposed to overcome this weakness by adopting the concept of interval-based membership. This concept allows the acquisition of vague information [70]. The following definition is used to transform qualitative information into a quantitative computation that captures the negative considerations.



Definition 1.

Let    S =  s 1  ,  s 2  , ⋯  s i     represent a discourse universe. Then, vague set   G   is contained in the discourse universe   S   with truth-membership function    t  r G     and false-membership function    f  a G    , as shown in the following equations.


   S =    [   s i  , t  r G   (   s i   )  , 1 − f  a G   (   s i   )   ]   |   s i  ∈ S   



(1)






   t  r G  : S →  [  0 ,   1  ]    



(2)






   f  a G  : S →  [  0 , 1  ]    



(3)




where    t  r G   (   s i   )     expresses the lower bound membership degree obtained from the     s i     information.    f  a G   (   s i   )     is the lower bound rejection of     s i     and holds the information in opposition to     s i    . In addition, the     s i     membership degree must fulfil the rule    t  r G   (   s i   )  + f  a G   (   s i   )  ≤ 1   . Therefore,     s i    ’s membership degree within vague set   G   is constrained by the sub-interval     [  t  r G   (   s i   )  , 1 − f  a G   (   s i   )   ]    →  [  0 ,   1  ]    ; thus it can be rewritten as     s i  =  [  t  r G   (   s i   )  , 1 − f  a G   (   s i   )   ]     [71,72].





Definition 2.

Assume    x =  [  t  r x  , 1 − f  a x   ]     and    y =  [  t  r y  , 1 − f  a y   ]     represent two vague values among   S  . The distance between   x   and   y   are generated in accordance with fuzzy set theory as shown below.


   ∆  (  x , y  )  =  |  t  r x    −   t  r y   |  +  |  f  a x    − f  a y   |  +  |   π x  −  π y   |    



(4)




where     π x  = 1 − t  r x  − f  a x    ,     π y  = 1 − t  r y  − f  a y    .





Definition 3.

Let    z =  [  t  r z  , 1 − f  a z   ]     become a vague value in   S  ; the degree of hesitancy can be defined through the following equation.


   d  ( z )  = t  r z    +   t  r z    ×    (  1 − t  r z    − f  a z   )    



(5)










3.2. Vague Set Associated with ISM


Suppose there are   q   sets of criteria     (  C =  C  1 ,    C  2 ,   ⋯ ,  C q   )     in a multi-criteria decision-making problem. These are assessed by   ω   experts denoted as     A n  =    [   α  o p  ω   ]    q × q     ; therein,     α  o p  ω  =  [   ℓ  o p   ,  u  o p    ]     represents the transformed vague numbers as shown in Table 2. Accordingly, the individual vague matrix for assessing the   q   sets of criteria are expressed as the following equation.


    C ω  =    [   α  o p  ω   ]    q × q   =               C 1       C 2            ⋯      C o                 C 1             C 2           ⋮       C p                   [     1     α  21  ω     ⋯     α  o 1  ω         α  12  ω     1   ⋯     α  o 2  ω       ⋮   ⋮   ⋱   ⋮       α  1 p  ω       α  2 p  ω     ⋯   1     ]        



(6)




where     α  o p  ω  =  [   ℓ  o p   ,  u  o p    ]    .



The degree of hesitancy is computed and the benefit     b p     and cost     c p     scores are identified through the following equations:


    b p  = m a x  [   ℓ  o p   ,  u  o p    ]  = m a x  [   (   ℓ  1 p   ,  u  1 p    )  ,  (   ℓ  2 p   ,  u  2 p    )  , ⋯ ,  (   ℓ  o p   ,  u  o p    )   ]    



(7)






              c p  = m i n  [   ℓ  o p   ,  u  o p    ]  = m i n  [   (   ℓ  1 p   ,  u  1 p    )  ,  (   ℓ  2 p   ,  u  2 p    )  , ⋯ ,  (   ℓ  o p   ,  u  o p    )   ]        



(8)







Then, “group utility”     ℊ o     and “individual regret”  [image: Sustainability 10 00251 i001] are acquired by adopting the equations below:


    ℊ o  =   ∑   p = 1  q   ε p    ∆  |   b p  ,   d  (  o p  )   |    ∆  |   b p  ,  c p   |    ,   o = 1 , 2 , 3 ⋯ , q   



(9)






 [image: Sustainability 10 00251 i002]



(10)






   ∆  |   b p  ,   d  (  o p  )   |  =  |   ℓ  o p   −     m a x   1 ≤ o ≤ q    ℓ  o p    |  +  |   u  o p     −   m a x   1 ≤ o ≤ q    u  o p    |  +  |   π  o p   −   π ¯   o p    |    



(11)






   ∆  |   b p  ,  c p   |  =  |    m a x   1 ≤ o ≤ q    ℓ  o p   −     m i n   1 ≤ o ≤ q    ℓ  o p    |  +  |    m a x   1 ≤ o ≤ q    u  o p     −   m i n   1 ≤ o ≤ q    u  o p    |  +  |    π ¯   o p   −   π _   o p    |    



(12)




therein,    d  (  o p  )  =   t  r  o p     +   t  r  o p     ×    (  1 − t  r  o p     − f  a  o p    )  ,   o , p = 1 , 2 , 3 ⋯ , q   ;      π ¯   o p   = 1 −   m a x   1 ≤ o ≤ q    ℓ  o p   −   m a x   1 ≤ o ≤ q    u  o p     ;      λ _   o p   = 1 −   m i n   1 ≤ o ≤ q    ℓ  o p   −   m i n   1 ≤ o ≤ q    u  o p     .     ε p     represents the weighting vector of aspects, which must satisfy     ε p  ≥ 0 ,       ∑   p = 1  ω   ε p  = 1   .



The “profit ratio”    p  f o     is obtained by adopting the following equation:


 [image: Sustainability 10 00251 i003]



(13)




where   θ   represents the weighted years of work experience to create the strategy for maximizing group utility; commonly,   θ   is set up as 0.5.



Once the profit ratio matrix of each expert has been obtained, then the following equation assists in generating the aggregating matrix     p g    .


    p g  =  ∑  p  f o  / ω =    [    p ˜   a b    ]    q × q     



(14)







The aggregating matrix must be transferred into binary code to compute the threshold number through the following equations.


        p ′  =    [    ∑   a = 1  q   (    p ˜   a b    )  / q  ]    q × 1         If     p ˜   a b   ≥  p ′  ,   the   value   is   considered   to   be   1 ,   otherwise , it   is   0 .       



(15)






        p ∗  =    [    ∑   b = 1  q   (    p ˜   a b    )  / q  ]    1 × q         If     p ˜   a b   ≥  p ∗  ,   the   value   is   considered   to   be   1 ,   otherwise ,   it   is   0 .       



(16)







Subsequently, the binary reachability matrix can be expressed as


    p r  =    [   p  a b  r   ]    q × q     



(17)







The reachability     (  p ¯  )     and antecedent     (   p =   )     set are classified as follows:


       If    p a r  = 1 ,  p ¯  =  {   p 1 r  ,  p 2 r  , ⋯ ,  p a r   }  ,   a ϵ p       If    p b r  = 1 ,  p =  =  {   p 1 r  ,  p 2 r  , ⋯ ,  p b r   }  ,   b ϵ p       



(18)







Adopting the following equation explores the intersection set     p s    ,


    p s  =  p ¯   ∩   p =    



(19)




where     p s  =    [   p  a b  s   ]    q × q     .



Finally, driving power    d r    is acquired by the following equation:


   d r =    [    ∑   b = 1  q   p  a b  s   ]   q  =    [   p b s   ]   q    



(20)








3.3. Proposed Analytical Procedures


	
Purifying the proposed measures—the initial proposed measures are collected from a comprehensive literature review to maintain reliability. Then, an expert group is consulted regarding these measures to enhance their validity and ensure that the real problem is accurately reflected. A questionnaire is developed to assess the relationships based on the experts’ knowledge and experience.



	
Converting the response into a vague number—to simplify the transformation, taking Equations (1)–(6) develops the transformed vague number before transforming the response. Subsequently, all transformations can be contrasted with Table 2.



	
Obtaining the intersection set—once the individual vague matrices are gathered, applying Equations (7)–(14) generates the aggregating matrix. Next, utilizing Equations (15)–(17) shifts these values into binary codes. Equations (18) and (19) can assist in obtaining the intersection set.



	
Contracting the framework—this procedure applies Equation (20) to identify the driving power and then selects the highest driving power to structure the first level. The framework relies on repeating this procedure until all levels are finalized.








4. Results


4.1. Case Background


The agribusiness case (JASM) focuses on the largest agribusiness in the city of Panjin, Liaoning Province, China. Although it is an agribusiness, this company is striving to launch sustainable food practices to improve the lives of farmers and customers. Currently, it has a staff of 150 and 6 food divisions, which are devoted to exploring critical practice in offering sustainable food and establishing an assessment system. Furthermore, JASM has also formed its own sustainable food brands and progressively established a food certification system with tracing information. The central idea is to generate continuous improvement until reaching the highest level of quality in terms of products, processes and services. Currently, the Chinese government is aggressively pushing for sustainable development in many fields, and JASM is enabling an opportunity to catch up. It is cooperating with the government to increase their effect in the northeast of China and simultaneously attain economic growth, environmental protection and social expectations.



As a leading agribusiness in Panjin, JASM invests substantial resources in the promotion of sustainable food. For instance, it has established its own internet platform so that customers can trace the origin of products, even allowing the origin to be physically observed through webcams. Although these activities can enhance firm reputation and earn customers’ trust, it still faces a critical situation in identifying customer perceptions of the practices to determine their effectiveness. JASM has insufficient ability to balance economic, environmental and social aspects. In addition, a precise framework for developing sustainable food is still lacking, which increases the difficulty of recognizing the situation. Thus, this study adopts VISM to assist in creating a precise framework to allow comparison between the customer and the firm. By comparing the customers’ and JASM’s frameworks, JASM is able to see the performance of current practices and to better arrange its resources to fulfil customer needs.




4.2. Results


Step 1: Finalizing the proposed measures



This study collected the initial proposed measures from the literature review to increase reliability and consulted with an expert group containing 11 experts from directors to senior managers with at least five years working experience in JASM to refine these measures. Subsequently, these final measures were used to formulate the questionnaire to identify the interrelationships between agribusiness and customers. For the customer portion, this study selected 10 customers who shopped in JASM’s retail store, often with at least three years’ membership with JASM.



Step 2: Transferring responses into vague numbers



Upon receiving the responses from the experts and the customers, these results are stated in linguistic terms that require transformation into contrasting vague numbers by applying Equations (1)–(6), as shown in Table 2. Table 3 shows the assessment results from the expert 1. The transformation results are presented as    I =  [  0.4 ,   0.6  ]    .



Step 3: Obtaining the aggregating matrix



These vague numbers compute the benefit and cost scores by applying Equations (7) and (8) and then follow with Equations (9)–(14) to acquire the aggregating matrix. Subsequently, adopting Equations (15) and (16) transforms the aggregating matrix into a reachability matrix with binary code as presented in Table 4.



Step 4: Generating intersection set with driving power



Once the reachability matrix is obtained, applying Equations (17)–(20) generates the intersection set and driving power. Table 5 presents the intersection set with driving power from the experts’ assessments.



Step 5: Structuring the hierarchical framework



Based on Table 5, the higher driving power is selected to construct the framework. Then, the higher driving power can take 11 into account in formulating level 1, as highlighted in grey in Table 5. This procedure is repeated until the structure is completed by arranging all of the criteria into the figure. Figure 1 presents the agribusiness framework of JASM.



Step 6: Constructing the customer framework



The above five steps are repeated to acquire the customer framework (as presented in Figure 2).





5. Implications


5.1. Theoretical Implications


The results reveal that the government (A2) is considered to play a critical role in developing sustainable food by both agribusinesses and customers. Agribusinesses expect the government to establish relevant regulations (C6) for sustainable food that they can treat as a checklist to easily ensure that products, processes and services reach a sustainable food standard. Customers prefer to purchase sustainable food at a lower price through government tax reductions for selling sustainable food (C10). Because customers are a price-sensitive group, they believe that the government can take responsibility for both controlling the market price and ensuring the quality of sustainable food. Thus, the results show that the government has a direct effect on the relationship between agribusinesses and their customers under stakeholder theory. In addition, China’s government has adopted a planned economy, thus several agribusinesses also play the role of “Gong Xiao She” in northern China and act as a bridge to link farmers, the market and the government [3]. For this reason, in northern China, customers and agribusiness expect the government to improve the related policies and regulations to certify sustainable food and guarantee quality and health.



Customer (A1) considerations, especially health and safety considerations (C3) appear in the second level in both the agribusinesses’ and the customers’ framework. This indicates that agribusinesses suffer from customer pressure, which requires them to offer products with higher quality, zero chemicals and that maintain the environment. This indicates that the customer must be a priority when developing sustainable food. Several studies have noted that customers prefer lower prices [19]; however, the results of this study imply that customers will be willing to pay higher prices to choose sustainable food that is healthy and safe. The results reveal a different phenomenon, which may occur due to industry features. For instance, customers would like to select an automobile with a lower price [73]; however, they prefer to select sustainable food with higher price and quality. This result also indicates that customers are increasing their environmental awareness in terms of food [74]. Hence, once agribusinesses have the capability to conform to government regulations and requirements, firms will next need to take into account customer considerations.



Although the frameworks for agribusinesses and customers show existing differences, the results uncover the common points under stakeholder theory. These findings allow agribusinesses and the food industry to invest their resources into several focal stakeholder groups to search for a balance for practicing sustainable food production. Moreover, the current studies indicate that the government plays a key role in sustainable development, regardless of industry [3,75]. In other words, the practices of agribusinesses are influenced by the attitudes and motivations of the government. Subsequently, agribusiness must consider the customers’ responses to satisfy their needs. If agribusiness cannot respond in time, it might generate food scandals, such as the horsemeat scandal in the UK. In this case, BBC News emphasized putting customers first [76]. In this study, the supplier becomes the last stakeholder, which is different from other proposed supply chain studies due to the industry features, as mentioned above. Comparing the frameworks creates a basis for enhancing the understanding of sustainable food under stakeholder considerations.




5.2. Managerial Implications


Considering practice, the results show that agribusinesses must establish their system (J1) in the first level. Although JASM invests substantial resources in developing its platform, there is still a gap in developing a sustainable food system to comply with regulations and requirements. This shortage may lead to lost customer loyalty and trust in the future. However, the customer framework indicates something different: the customer does not care about the system. Customers feel that tax policy (B1) generates a higher price for sustainable food. Because the customer group is price sensitive, it expects the government to take responsibility for controlling the market price by reducing taxes to motivate agribusinesses to offer sustainable food. To prevent this misunderstanding, agribusinesses must establish a complete system, including trace-back functionality, and be able to comply with government regulations and requirements in delivering a transparent price. Transparency means that the firm offers detailed information so that the customer understands the price component.



In the second level, agribusinesses attempt to shift their focus onto customer behaviour (J2), which covers health and safety considerations, by developing sustainable label certification and using safe facilities. This finding demonstrates that once agribusinesses are able to conform to the related standards, the customer is their next objective. JASM uses its platform to predict the preferences of its customers and then suggests the relevant products. Moreover, it strives to develop its own certificates and standard operating processes to guarantee the quality of its products. Nevertheless, customers consider sustainable production (B2) to include health and safety considerations, offering subsidies and loans for developing sustainable food, compliance with the standards in producing sustainable food and using certified plant material. This result demonstrates that the customer attempts to recognize the standard of the agribusiness through its internal operations. Accordingly, at the second level, the agribusiness and the customer present a relationship in which the agribusiness is able to shift its focus onto the customer (from internal to external) and the customer tries to look inside the agribusiness (from external to internal).



The remaining levels for agribusinesses are multi-sided improvement (J3), strategic management (J4), risk management (J5), sustainable production (J6) and economic policy (J7). The remaining customer levels include system establishment (B3), risk reduction (B4), multi-sided improvement (B5), sustainable consumption (B6) and operation management (B7). These differences provide a guideline for JASM to address the issues between agribusinesses and customers. Thus, this framework of agribusiness offers a specific direction that JASM can take to improve their practices. It also allows JASM to rearrange their resources and investments more efficiently and effectively in launching sustainable food. Furthermore, loyalty and trust can be developed by considering the perceptions of customers. Practicing sustainable food production is an important task not only to ensure healthy and safe food throughout the entire production process but also to simultaneously consider the environmental impact, economic viability and social justice.





6. Conclusions


Under belt and road initiatives, agribusiness must serve as an important bridge balancing the interests of people, plants and products. The Chinese government strives to establish regulations and requirements to prevent many types of negative consequences. In particular, guidelines for sustainable food remain in their infancy. Moreover, agribusiness lacks a specific framework for considering stakeholders’ opinions in its practices. Thus, this study employs stakeholder theory to explore the decisive practices of sustainable food through VISM. Vague sets enable the uncertainty among the assessments generated from the judgements of experts and customers to be overcome. Then, ISM is used to construct the structural framework to simplify the problem into systematic analysis. By comparing the frameworks between agribusiness and the customer, the gaps in practice can be recognized to better fulfil the needs of stakeholders.



This study contains three contributions, which cover theory, industry and method. For the theoretical contribution, the results identify the government as a key stakeholder in developing sustainable food, regardless of the considerations of agribusiness or customers. The customer is the next stakeholder and is price sensitive. Hence, agribusiness is concerned with how to offer sustainable food through healthier and safer processes at a price that customers are willing to pay. For the industrial contribution, the structural frameworks offer specific guidelines to lead agribusinesses in developing sustainable food; these guidelines allow agribusiness to effectively and flexibly rearrange its limited resources. In the methods contribution, this is the first study to consider the hesitancy degree in the decision-making process to address vagueness and uncertainty.



The findings of this study present system establishment and customer behaviour as the first two levels that must be considered by agribusinesses when launching sustainable food production. System establishment encompasses the practices of establishing relevant regulations and compliance with standards when producing sustainable food. Customer behaviour includes the practices of considering health and safety, developing sustainable label certification and using safe facilities. However, tax policy and sustainable production are also considered by customers. Offering a tax reduction for selling sustainable food is the major practice in tax policy. Subsequently, health and safety considerations, offering subsidies and loans to develop sustainable food, compliance with standards in producing sustainable food and using certified plant material are all involved in sustainable production. These practices reveal that the dynamic transformation of agribusiness is shifting from internal to external, while customers’ considerations are shifting from external to internal.



Although this study attempts to overcome several gaps from previous studies, some limitations still exist that future research can consider. The proposed 22 criteria might not include extensive consideration of sustainable food, and future research must take as many criteria as possible into account. In addition, the stakeholders are not limited to customers, the government, suppliers and agribusinesses only. One suggestion for future study is to focus on the stakeholders who really affect decision-making and to try to reflect the actual situation. This study focuses only on agribusiness, while future study can use the same assessment for other industries to find the differences. Subsequently, utilizing the same method to evaluate agribusiness in diverse counties could demonstrate differences in establishing policy. Consistency among the assessment process requires quantitative analysis, which still needs future study to adopt a hybrid method to overcome the gap between existing methods.







Acknowledgments


This study was supported by the National Natural Science Foundation of China (71701029), Liaoning Academy of Social Sciences Fund (L17BGL019), Fundamental Research Funds for the Central Universities (DUT16RC(3)038) and (DUT16RC(4)72), and the Dalian Association for Social Science (2016dlskyb014).




Author Contributions


Li Cui discovered the issue of JASM and designed this study. Min Zhang wrote the paper. Kuo-Jui Wu collected the data and made the analysis. Ming-Lang Tseng improved the traditional approach for enhancing the efficiency and effectiveness of proposed method.




Conflicts of Interest


The authors declare no conflict of interest.




References


	



Yan, Y. Food safety and social risk in contemporary China. J. Asian Stud. 2012, 71, 705–729. [Google Scholar] [CrossRef]

	



Tang, A.; Feng, K. Food safety research during the trial implementation of food hygiene law: Based on analyzing of China food news. Stud. Sociol. Sci. 2014, 5, 56–60. [Google Scholar]

	



Cui, L.; Wu, K.-J.; Tseng, M.-L. Exploring a Novel Agricultural Subsidy Model with Sustainable Development: A Chinese Agribusiness in Liaoning Province. Sustainability 2017, 9, 19. [Google Scholar] [CrossRef]

	



Zhu, Q.; Li, Y.; Geng, Y.; Qi, Y. Green food consumption intention, behaviors and influencing factors among chinese consumers. Food Qual. Preference 2013, 28, 279–286. [Google Scholar] [CrossRef]

	



Hsu, C.L.; Chen, M.C. Explaining consumer attitudes and purchase intentions toward organic food: Contributions from regulatory fit and consumer characteristics. Food Qual. Preference 2014, 35, 6–13. [Google Scholar] [CrossRef]

	



Brucker, K.D.; Macharis, C.; Verbeke, A. Multi-criteria analysis and the resolution of sustainable development dilemmas: A stakeholder management approach. Eur. J. Oper. Res. 2013, 224, 122–131. [Google Scholar] [CrossRef]

	



Freeman, R.E.; Harrison, J.S.; Wicks, A.C.; Parmar, B.L.; De Colle, S. Stakeholder Theory: The State of the Art; Cambridge University Press: Cambridge, UK, 2010; Volume 4, pp. 403–445. [Google Scholar]

	



Gallego-Álvarez, I.; Ortas, E. Corporate environmental sustainability reporting in the context of national cultures: A quantile regression approach. Int. Bus. Rev. 2017, 26, 337–353. [Google Scholar] [CrossRef]

	



Schilling, M.A. Decades ahead of her time: Advancing stakeholder theory through the ideas of Mary Parker Follett. J. Manag. Hist. 2000, 6, 224–242. [Google Scholar] [CrossRef]

	



Thøgersen, J. Sustainable food consumption in the nexus between national context and private lifestyle: A multi-level study. Food Qual. Preference 2017, 55, 16–25. [Google Scholar] [CrossRef]

	



Miah, J.H.; Griffiths, A.; Mcneill, R.; Poonaji, I.; Martin, R.; Morse, S.; Yang, A.; Sadhukhan, J. Creating an environmentally sustainable food factory: A case study of the lighthouse project at nestlé. Procedia Cirp. 2015, 26, 229–234. [Google Scholar] [CrossRef]

	



Černá, L.; Buková, B. Supplier evaluation methodology in the logistics company. Procedia Eng. 2016, 134, 377–385. [Google Scholar] [CrossRef]

	



Bansal, A.; Kumar, P.; Issar, S. Evaluation of a 3pl company: An approach of fuzzy modelling. Int. J. Adv. Oper. Manag. 2014, 6, 131–161. [Google Scholar] [CrossRef]

	



Shi, L.; Wu, K.-J.; Tseng, M.-L. Improving corporate sustainable development by using an interdependent closed-loop hierarchical structure. Resourc. Conserv. Recycl. 2017, 119, 24–35. [Google Scholar] [CrossRef]

	



Tseng, M.-L.; Bui, T.-D. Identifying eco-innovation in industrial symbiosis under linguistic preferences: A novel hierarchical approach. J. Clean. Prod. 2017, 140, 1376–1389. [Google Scholar] [CrossRef]

	



Freeman, R.E. Strategic Management: A Stakeholder Approach; Cambridge University Press: Cambridge, UK, 1984. [Google Scholar]

	



Thompson, J.K.; Wartick, S.L.; Smith, H.L. Intergrating corporate social performance and stakeholder management: Implication for a research agenda in small company. Res. Corp. Soc. Perform. Policy 1991, 12, 207–230. [Google Scholar]

	



Johnson, G.; Scholes, K. Exploring Corporate Strategy; Prentice-Hall: Harlow, UK, 2002. [Google Scholar]

	



Tullberg, J. Stakeholder theory: Some revisionist suggestions. J. Socio-Econ. 2013, 42, 127–135. [Google Scholar] [CrossRef]

	



Todd, L.; Leask, A.; Ensor, J. Understanding primary stakeholders’ multiple roles in hallmark event tourism management. Tour. Manag. 2017, 59, 494–509. [Google Scholar] [CrossRef]

	



Deegan, C. Introduction: The legitimising effect of social, and environmental disclosures—A theoretical foundation. Account. Auditing Account. J. 2002, 15, 282–311. [Google Scholar] [CrossRef]

	



Cavazos, D.E.; Patel, P.; Wales, W. Mitigating environmental effects on new venture growth: The critical role of stakeholder integration across buyer and supplier groups. J. Bus. Res. 2012, 65, 1243–1250. [Google Scholar] [CrossRef]

	



Sen, S.; Cowley, J. The relevance of stakeholder theory and social capital theory in the context of csr in smes: An australian perspective. J. Bus. Ethics 2013, 118, 413–427. [Google Scholar] [CrossRef]

	



Lafreniere, K.C.; Deshpande, S.; Bjornlund, H.; Hunter, M.G. Extending stakeholder theory to promote resource management initiatives to key stakeholders: A case study of water transfers in Alberta, Canada. J. Environ. Manag. 2013, 129, 81–91. [Google Scholar] [CrossRef] [PubMed]

	



Bridoux, F.; Stoelhorst, J.W. Microfoundations for stakeholder theory: Managing stakeholders with heterogeneous motives. Strat. Manag. J. 2014, 35, 107–125. [Google Scholar] [CrossRef]

	



Zaharia, C.; Zaharia, I. The impact of csr on consumers’ attitude and behavior. Econ. Manag. Financ. Mark. 2013, 8, 118–123. [Google Scholar]

	



Manders, J.H.M.; Caniëls, M.C.J.; Ghijsen, P.W.T. Exploring supply chain flexibility in a FMCG food supply chain. J. Purch. Supply Manag. 2016, 22, 181–195. [Google Scholar] [CrossRef]

	



Allaoui, H.; Guo, Y.; Choudhary, A.; Bloemhof, J. Sustainable agro-food supply chain design using two-stage hybrid multi-objective decision-making approach. Comput. Oper. Res. 2018, 89, 369–384. [Google Scholar] [CrossRef]

	



Davis, J.H.; Goldberg, R.A. A Concept of Agribusiness; Division of Research, Graduate School of Business Administration, Harvard University: Boston, MA, USA, 1957; p. 136. [Google Scholar]

	



Konig, G.; Silva, C.A.; Mhlanga, N. Enabling Environments for Agribusiness and Agro-Industries Development Industries Development; Food and Agriculture Organization: Rome, Italy, 2013; p. 77. [Google Scholar]

	



Zylbersztajn, D. Agribusiness systems analysis: Origin, evolution and research perspectives. Revista de Administração 2006, 52, 114–117. [Google Scholar] [CrossRef]

	



Dlamini, B.P.; Kirsten, J.F.; Masuku, M.B. Factors affecting the competitiveness of the agribusiness sector in swaziland. J. Agric. Stud. 2014, 2, 61–72. [Google Scholar] [CrossRef]

	



Adenle, A.A.; Manning, L.; Azadi, H. Agribusiness innovation: A pathway to sustainable economic growth in africa. Trends Food Sci. Technol. 2017, 59, 88–104. [Google Scholar] [CrossRef]

	



Behzadi, G.; O’Sullivan, M.J.; Olsen, T.L.; Zhang, A. Agribusiness supply chain risk management: A review of quantitative decision models. Omega 2017, in press. [Google Scholar] [CrossRef]

	



Shekhawat, R.; Singh, K.; Burark, S.; Meena, G.; Neelam, S. Agribusiness and Food Processing Industries in Uttar Pradesh State of India. Asian J. Agric. Ext. Econ. Sociol. 2017, 15, 1–7. [Google Scholar] [CrossRef]

	



Geldes, C.; Felzensztein, C. Marketing innovations in the agribusiness sector. Academia Revista Latinoamericana de Administración 2013, 26, 108–138. [Google Scholar] [CrossRef]

	



Mueller, H.; Theuvsen, L. Influences on consumer attitudes towards CSR in agribusiness. In Proceedings of the 2014 AAEA/EAAE/CAES Joint Symposium: Social Networks, Social Media and the Economics of Food, Montreal, QC, Canada, 29–30 May 2014. [Google Scholar]

	



Ye, J. Improved method of multicriteria fuzzy decision-making based on vague sets. Comput.-Aided Des. 2007, 39, 164–169. [Google Scholar] [CrossRef]

	



Zhang, Q.; Xiao, Y.; Wang, G. A new method for measuring fuzziness of vague set or intuitionistic fuzzy set. J. Intell. Fuzzy Syst. 2013, 25, 505–515. [Google Scholar]

	



Zeng, S.; Lin, Z.; Wen, F.; Ledwich, G. A new approach for power system black-start decision-making with vague set theory. Int. J. Electr. Power Energy Syst. 2012, 34, 114–120. [Google Scholar] [CrossRef]

	



Geng, X.; Chu, X.; Zhang, Z. A new integrated design concept evaluation approach based on vague sets. Expert Syst. Appl. 2010, 37, 6629–6638. [Google Scholar] [CrossRef]

	



Akram, M.; Sarwar, F.; Jun, Y.B. Certain types of vague graphs. Univ. Politeh. Buchar. Bull. 2014, 76, 141–154. [Google Scholar]

	



Zhang, D.; Zhang, J.; Lai, K.K.; Lu, Y. A novel approach to supplier selection based on vague sets group decision. Expert Syst. Appl. 2009, 36, 9557–9563. [Google Scholar] [CrossRef]

	



Kannan, D.; Haq, A.N.; Govindan, K. Analyzing supplier development criteria for an automobile industry. Ind. Manag. Data Syst. 2010, 110, 43–62. [Google Scholar]

	



Govindan, K.; Palaniappan, M.; Zhu, Q.; Kannan, D. Analysis of third party reverse logistics provider using interpretive structural modeling. Int. J. Prod. Econ. 2012, 140, 204–211. [Google Scholar] [CrossRef]

	



Barve, A. Analysis of interaction among the barriers of third party logistics. Int. J. Agile Syst. Manag. 2007, 2, 109–129. [Google Scholar] [CrossRef]

	



Yadav, D.K.; Barve, A. Analysis of critical success factors of humanitarian supply chain: An application of interpretive structural modeling. Int. J. Disaster Risk Reduct. 2015, 12, 213–225. [Google Scholar] [CrossRef]

	



Mathiyazhagan, K.; Govindan, K.; Noorulhaq, A.; Geng, Y. An ism approach for the barrier analysis in implementing green supply chain management. J. Clean. Prod. 2013, 47, 283–297. [Google Scholar] [CrossRef]

	



Zhang, C.; Sun, L.; Wen, F.; Lin, Z.; Ledwich, G.; Xue, Y. An interpretative structural modeling based network reconfiguration strategy for power systems. Int. J. Electr. Power Energy Syst. 2015, 65, 83–93. [Google Scholar] [CrossRef]

	



Shen, L.; Song, X.; Wu, Y.; Liao, S.; Zhang, X. Interpretive structural modeling based factor analysis on the implementation of emission trading system in the chinese building sector. J. Clean. Prod. 2016, 127, 214–227. [Google Scholar] [CrossRef]

	



Gao, Z.; Li, C.; Bai, J.; Fu, J. Chinese consumer quality perception and preference of sustainable milk. China Econ. Rev. 2016, in press. [Google Scholar] [CrossRef]

	



Grunert, K.G.; Hieke, S.; Wills, J. Sustainability labels on food products: Consumer motivation, understanding and use. Food Policy 2014, 44, 177–189. [Google Scholar] [CrossRef]

	



Choi, J.; Norwood, H.; Seo, S.; Sirsat, S.A.; Neal, J. Evaluation of food safety related behaviors of retail and food service employees while handling fresh and fresh-cut leafy greens. Food Control 2016, 67, 199–208. [Google Scholar] [CrossRef]

	



Swinburn, B.; Vandevijvere, S.; Kraak, V.; Sacks, G.; Snowdon, W.; Hawkes, C.; Barquera, S.; Friel, S.; Kelly, B.; Kumanyika, S.; et al. Monitoring and benchmarking government policies and actions to improve the healthiness of food environments: A proposed Government Healthy Food Environment Policy Index. Obes. Rev. 2013, 14 (Suppl. 1), 24–37. [Google Scholar] [CrossRef] [PubMed]

	



Swinburn, B.; Kraak, V.; Rutter, H.; Vandevijvere, S.; Lobstein, T.; Sacks, G.; Gomes, F.; Marsh, T.; Magnusson, R. Strengthening of accountability systems to create healthy food environments and reduce global obesity. Lancet 2015, 385, 2534–2545. [Google Scholar] [CrossRef]

	



Peschel, A.O.; Grebitus, C.; Steiner, B.; Veeman, M. How does consumer knowledge affect environmentally sustainable choices? Evidence from a cross-country latent class analysis of food labels. Appetite 2016, 106, 78–91. [Google Scholar] [CrossRef] [PubMed][Green Version]

	



Tait, P.; Saunders, C.; Guenther, M.; Rutherford, P. Emerging versus developed economy consumer willingness to pay for environmentally sustainable food production: A choice experiment approach comparing Indian, Chinese and United Kingdom lamb consumers. J. Clean. Prod. 2016, 124, 65–72. [Google Scholar] [CrossRef]

	



Jia, X.; Huang, J.; Luan, H.; Rozelle, S.; Swinnen, J. China’s Milk Scandal, government policy and production decisions of dairy farmers: The case of Greater Beijing. Food Policy 2012, 37, 390–400. [Google Scholar] [CrossRef]

	



Zailani, S.; Kanapathy, K.; Iranmanesh, M.; Tieman, M. Drivers of halal orientation strategy among halal food firms. Br. Food J. 2015, 117, 2143–2160. [Google Scholar] [CrossRef]

	



Chkanikova, O.; Mont, O. Corporate supply chain responsibility: Drivers and barriers for sustainable food retailing. Corp. Soc. Responsib. Environ. Manag. 2015, 22, 65–82. [Google Scholar] [CrossRef]

	



Handschuch, C.; Wollni, M.; Villalobos, P. Adoption of food safety and quality standards among Chilean raspberry producers–Do smallholders benefit? Food Policy 2013, 40, 64–73. [Google Scholar] [CrossRef]

	



Epelbaum, F.M.B.; Martinez, M.G. The technological evolution of food traceability systems and their impact on firm sustainable performance: A RBV approach. Int. J. Prod. Econ. 2014, 150, 215–224. [Google Scholar] [CrossRef]

	



Avitia, J.; Costa-Font, M.; Gil, J.M.; Lusk, J.L. Relative importance of price in forming individuals’ decisions toward sustainable food: A calibrated auction-conjoint experiment. Food Qual. Preference 2015, 41, 1–11. [Google Scholar] [CrossRef][Green Version]

	



Chen, R.Z.; Wong, M.H. Integrated wetlands for food production. Environ. Res. 2016, 148, 429–442. [Google Scholar] [CrossRef] [PubMed]

	



Bourlakis, M.; Maglaras, G.; Aktas, E.; Gallear, D.; Fotopoulos, C. Firm size and sustainable performance in food supply chains: Insights from Greek SMEs. Int. J. Prod. Econ. 2014, 152, 112–130. [Google Scholar] [CrossRef]

	



Grimm, J.H.; Hofstetter, J.S.; Sarkis, J. Critical factors for sub-supplier management: A sustainable food supply chains perspective. Int. J. Prod. Econ. 2014, 152, 159–173. [Google Scholar] [CrossRef]

	



Ali, M.H.; Suleiman, N. Sustainable food production: Insights of Malaysian halal small and medium sized enterprises. Int. J. Prod. Econ. 2016, 181, 303–314. [Google Scholar] [CrossRef]

	



Yakovleva, Y.; Sarkis, J.; Sloan, T. Sustainable benchmarking of supply chains: The case of the food industry. Int. J. Prod. Res. 2012, 50, 1297–1317. [Google Scholar] [CrossRef]

	



Gau, W.L.; Buehrer, D.J. Vague sets. IEEE Trans. Syst. Man Cybern. 1993, 23, 610–614. [Google Scholar] [CrossRef]

	



Lu, A.; Ng, W. Vague sets or intuitionistic fuzzy sets for handling vague data: Which one is better? In Proceedings of the International Conference on Conceptual Modeling, Klagenfurt, Austria, 24–28 October 2005; pp. 401–416. [Google Scholar]

	



Zeng, W.; Zhao, Y.; Gu, Y. Similarity measure for vague sets based on implication functions. Knowl.-Based Syst. 2016, 94, 124–131. [Google Scholar] [CrossRef]

	



Tseng, M.-L. Using social media and qualitative and quantitative information scales to benchmark corporate sustainability. J. Clean. Prod. 2017, 142, 727–738. [Google Scholar] [CrossRef]

	



Zhu, Q.; Sarkis, J.; Lai, K.H. Green supply chain management: Pressures, practices and performance within the Chinese automobile industry. J. Clean. Prod. 2007, 15, 1041–1052. [Google Scholar] [CrossRef]

	



Govindan, K. Sustainable consumption and production in the food supply chain: A conceptual framework. Int. J. Prod. Econ. 2018, 195, 419–431. [Google Scholar] [CrossRef]

	



Mathivathanan, D.; Kannan, D.; Noorulhaq, A. Sustainable supply chain management practices in Indian automotive industry: A multi-stakeholder view. Resour. Conserv. Recycl. 2018, 128, 284–305. [Google Scholar] [CrossRef]

	



BBC News. Horsemeat Scandal: Review Urges UK Food Crime Unit. 2013. Available online: http://www.bbc.com/news/business-25347633 (accessed on 16 November 2017).








[image: Sustainability 10 00251 g001 550] 





Figure 1. The framework from the JASM experts. 
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Figure 2. The framework from JASM customers. 
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Table 1. Proposed measures.
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Aspects

	

	
Criteria






	
Customer (A1)

	
C1

	
Willingness to pay higher price when selecting sustainable food




	
C2

	
Environmental awareness




	
C3

	
Health and safety considerations




	
C4

	
Taste of sustainable food




	
C5

	
Quality of sustainable food




	
Government (A2)

	
C6

	
Establishing relevant regulations




	
C7

	
Developing sustainable label certification




	
C8

	
Improving food safety certification systems




	
C9

	
Offering subsidies and loans for developing sustainable food




	
C10

	
Offering tax reductions for selling sustainable food




	
Supplier (A3)

	
C11

	
Compliance with the standards in producing sustainable food




	
C12

	
Reducing risk occurrence in production




	
C13

	
Developing knowledge management in sustainable food production processes




	
C14

	
Implementing food traceability systems




	
C15

	
Natural resources management




	
C16

	
Using certified plant material




	
Agribusiness (A4)

	
C17

	
Strengthening collaboration with suppliers




	
C18

	
Food risk management




	
C19

	
Using safe facilities




	
C20

	
Improving labour productivity




	
C21

	
Price competition




	
C22

	
Company reputation
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Table 2. Linguistic scales for transferring vague numbers.
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	Linguistic Terms
	Linguistic Preferences
	Contrasting Vague Numbers      [   ℓ  o p   ,  u  o p    ]     
	  α  
	  β  





	NI
	No Influence
	    [  0.1 − α × ε ,   0.3 + β × ε  ]    
	0.5
	0.5



	VL
	Very Low Influence
	[   0.3 − α × ε ,   0.3 + β × ε   ]
	0.5
	0.5



	HI
	High Influence
	[   0.7 − α × ε ,   0.7 + β × ε   ]
	1.0
	0.0



	VH
	Very High Influence
	[   0.9 − α × ε ,   0.9 + β × ε   ]
	0.5
	0.5







Note:   ε   represents the hesitancy degree; 0.2 is adopted in this study.
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Table 3. The sample of assessment results from expert 1.
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	C1
	C2
	C3
	C4
	C5
	C6
	C7
	C8
	C9
	C10
	C11
	C12
	C13
	C14
	C15
	C16
	C17
	C18
	C19
	C20
	C21
	C22





	C1
	1
	I
	I
	I
	I
	NI
	VHI
	I
	I
	I
	I
	I
	I
	I
	I
	I
	I
	I
	I
	I
	I
	I



	C2
	I
	1
	I
	I
	I
	I
	I
	NI
	VHI
	NI
	NI
	NI
	VHI
	I
	VL
	I
	NI
	NI
	NI
	I
	HI
	NI



	C3
	VHI
	VHI
	1
	VHI
	VHI
	VL
	VHI
	NI
	NI
	NI
	I
	I
	NI
	VHI
	VHI
	VHI
	VHI
	VHI
	VHI
	VHI
	VL
	NI



	C4
	NI
	VHI
	VHI
	1
	NI
	VL
	I
	I
	NI
	NI
	I
	I
	NI
	HI
	I
	I
	I
	NI
	VHI
	VHI
	VL
	VL



	C5
	I
	NI
	VHI
	VHI
	1
	VL
	NI
	VL
	VL
	VHI
	VHI
	VHI
	NI
	VL
	VL
	VHI
	NI
	VHI
	VL
	VL
	VHI
	VHI



	C6
	VHI
	I
	VHI
	VHI
	NI
	1
	VHI
	VHI
	VHI
	HI
	VHI
	NI
	NI
	VHI
	I
	I
	I
	HI
	I
	NI
	VHI
	VHI



	C7
	VHI
	NI
	NI
	NI
	VHI
	NI
	1
	NI
	NI
	NI
	I
	VHI
	VHI
	VHI
	NI
	NI
	VHI
	NI
	VHI
	VHI
	NI
	NI



	C8
	NI
	I
	NI
	NI
	NI
	NI
	NI
	1
	I
	I
	I
	NI
	VHI
	NI
	VHI
	VHI
	NI
	VHI
	VL
	NI
	VHI
	NI



	C9
	VHI
	VHI
	NI
	NI
	VHI
	NI
	NI
	NI
	1
	VHI
	NI
	NI
	NI
	I
	NI
	NI
	VHI
	VHI
	NI
	VHI
	VL
	NI



	C10
	VL
	VL
	VHI
	NI
	VHI
	I
	NI
	VHI
	VHI
	1
	VL
	VL
	VHI
	VHI
	VHI
	VHI
	VL
	HI
	I
	NI
	NI
	NI



	C11
	I
	I
	I
	NI
	I
	NI
	NI
	NI
	VHI
	I
	1
	NI
	NI
	NI
	VL
	VL
	VL
	VL
	I
	I
	I
	NI



	C12
	I
	NI
	VHI
	VHI
	NI
	NI
	NI
	NI
	I
	I
	I
	1
	NI
	VHI
	NI
	NI
	VHI
	NI
	I
	NI
	NI
	VHI



	C13
	NI
	NI
	NI
	VHI
	VL
	I
	I
	NI
	I
	VHI
	VL
	VHI
	1
	NI
	I
	I
	VHI
	I
	NI
	NI
	VHI
	VHI



	C14
	VL
	VHI
	NI
	I
	VHI
	NI
	NI
	VHI
	I
	NI
	NI
	NI
	NI
	1
	I
	VHI
	VHI
	VHI
	VL
	VHI
	NI
	NI



	C15
	VHI
	NI
	VHI
	NI
	NI
	NI
	VHI
	VL
	HI
	HI
	I
	I
	NI
	VHI
	1
	NI
	NI
	NI
	NI
	VHI
	VHI
	NI



	C16
	VHI
	NI
	I
	NI
	VL
	I
	NI
	NI
	NI
	NI
	NI
	VHI
	NI
	HI
	I
	1
	I
	I
	NI
	I
	I
	NI



	C17
	VL
	VHI
	VHI
	HI
	NI
	NI
	NI
	VHI
	VL
	VL
	VHI
	VHI
	NI
	I
	NI
	VHI
	1
	VHI
	VL
	VHI
	NI
	HI



	C18
	NI
	VHI
	VHI
	VHI
	NI
	VHI
	I
	NI
	VHI
	NI
	NI
	VHI
	VL
	VHI
	VHI
	NI
	NI
	1
	NI
	VHI
	NI
	VHI



	C19
	VHI
	I
	NI
	VHI
	NI
	NI
	NI
	I
	NI
	NI
	VHI
	VHI
	VHI
	NI
	NI
	NI
	I
	NI
	1
	VHI
	I
	VHI



	C20
	VL
	NI
	NI
	VHI
	VHI
	VHI
	VL
	I
	VHI
	VHI
	VL
	VL
	VHI
	VHI
	NI
	I
	NI
	I
	NI
	1
	NI
	NI



	C21
	VHI
	VHI
	NI
	NI
	VHI
	VHI
	VHI
	NI
	VHI
	VL
	VL
	VHI
	VHI
	VHI
	NI
	VL
	VHI
	VHI
	VL
	I
	1
	HI



	C22
	I
	I
	NI
	I
	NI
	NI
	VHI
	VHI
	VL
	VHI
	I
	NI
	VHI
	VHI
	HI
	VHI
	I
	I
	I
	NI
	VHI
	1
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Table 4. Reachability matrix from the experts.
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	C1
	C2
	C3
	C4
	C5
	C6
	C7
	C8
	C9
	C10
	C11
	C12
	C13
	C14
	C15
	C16
	C17
	C18
	C19
	C20
	C21
	C22





	C1
	1
	1
	0
	0
	0
	1
	1
	1
	0
	0
	0
	0
	0
	0
	1
	0
	0
	0
	0
	0
	0
	1



	C2
	1
	1
	1
	0
	1
	0
	0
	1
	1
	0
	0
	0
	0
	0
	1
	1
	1
	0
	0
	1
	1
	1



	C3
	1
	1
	1
	1
	0
	0
	0
	1
	0
	0
	0
	1
	1
	1
	1
	1
	0
	1
	1
	1
	0
	0



	C4
	0
	0
	1
	1
	1
	0
	0
	0
	0
	1
	0
	1
	0
	0
	0
	0
	0
	0
	0
	0
	0
	1



	C5
	0
	0
	1
	1
	1
	0
	1
	0
	0
	0
	0
	0
	1
	0
	0
	1
	0
	0
	0
	0
	0
	1



	C6
	0
	1
	0
	0
	0
	1
	1
	1
	1
	1
	1
	0
	0
	1
	1
	1
	0
	1
	0
	0
	0
	0



	C7
	1
	0
	0
	1
	0
	0
	1
	0
	0
	0
	0
	0
	1
	1
	0
	1
	1
	0
	1
	1
	1
	0



	C8
	0
	1
	0
	0
	0
	1
	0
	1
	0
	1
	1
	1
	1
	0
	1
	1
	0
	0
	1
	1
	0
	0



	C9
	0
	0
	0
	0
	0
	0
	0
	0
	1
	1
	0
	0
	1
	0
	0
	0
	1
	1
	0
	1
	0
	0



	C10
	0
	0
	1
	0
	1
	1
	0
	1
	0
	1
	0
	1
	0
	0
	1
	1
	0
	0
	0
	1
	0
	0



	C11
	0
	0
	0
	1
	1
	1
	0
	0
	1
	0
	1
	0
	1
	1
	0
	1
	1
	0
	0
	0
	1
	1



	C12
	0
	1
	0
	0
	0
	1
	1
	0
	0
	0
	0
	1
	0
	1
	0
	0
	1
	0
	0
	0
	0
	1



	C13
	1
	0
	0
	1
	0
	0
	0
	0
	0
	0
	0
	1
	1
	0
	0
	0
	0
	0
	0
	0
	0
	0



	C14
	0
	0
	0
	0
	0
	0
	0
	0
	1
	0
	0
	0
	1
	1
	0
	0
	0
	0
	1
	1
	0
	0



	C15
	1
	0
	1
	0
	1
	0
	0
	1
	1
	1
	1
	0
	0
	0
	1
	0
	0
	0
	0
	1
	1
	1



	C16
	0
	0
	0
	0
	0
	1
	0
	0
	0
	0
	1
	1
	0
	0
	0
	1
	0
	0
	0
	0
	0
	0



	C17
	1
	1
	1
	0
	0
	0
	0
	1
	1
	0
	1
	0
	0
	0
	0
	1
	1
	1
	1
	1
	0
	1



	C18
	1
	1
	1
	0
	0
	1
	0
	0
	0
	0
	0
	1
	0
	0
	0
	0
	0
	1
	1
	0
	0
	0



	C19
	1
	1
	1
	0
	1
	1
	0
	0
	0
	1
	0
	1
	1
	0
	0
	0
	0
	1
	1
	1
	1
	1



	C20
	0
	0
	1
	1
	0
	1
	1
	1
	1
	1
	0
	1
	0
	0
	0
	0
	1
	0
	0
	1
	0
	0



	C21
	1
	1
	0
	0
	1
	1
	1
	1
	1
	0
	0
	1
	1
	1
	0
	0
	0
	1
	0
	0
	1
	1



	C22
	1
	0
	0
	1
	1
	0
	1
	0
	0
	0
	1
	1
	0
	0
	0
	1
	1
	1
	1
	0
	1
	1
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Table 5. Intersection set with driving power from experts.
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	C1
	C2
	C3
	C4
	C5
	C6
	C7
	C8
	C9
	C10
	C11
	C12
	C13
	C14
	C15
	C16
	C17
	C18
	C19
	C20
	C21
	C22
	Driving Power
	Level





	C1
	1
	1
	0
	0
	0
	1
	1
	1
	0
	0
	0
	0
	0
	0
	1
	0
	0
	0
	0
	0
	0
	1
	7
	



	C2
	0
	1
	1
	0
	1
	0
	0
	1
	0
	0
	0
	0
	0
	0
	1
	1
	1
	0
	0
	0
	1
	1
	9
	



	C3
	1
	1
	1
	0
	0
	0
	0
	0
	0
	0
	0
	1
	0
	1
	1
	1
	0
	1
	1
	1
	0
	0
	10
	



	C4
	0
	0
	1
	1
	1
	0
	0
	0
	0
	1
	0
	1
	0
	0
	0
	0
	0
	0
	0
	0
	0
	1
	6
	



	C5
	0
	0
	1
	1
	1
	0
	1
	0
	0
	0
	0
	0
	1
	0
	0
	1
	0
	0
	0
	0
	0
	1
	7
	



	C6
	0
	1
	0
	0
	0
	1
	1
	1
	1
	1
	1
	0
	0
	1
	1
	1
	0
	1
	0
	0
	0
	0
	11
	1



	C7
	1
	0
	0
	1
	0
	0
	1
	0
	0
	0
	0
	0
	1
	1
	0
	1
	1
	0
	1
	1
	1
	0
	10
	



	C8
	0
	1
	0
	0
	0
	1
	0
	1
	0
	1
	1
	1
	1
	0
	1
	1
	0
	0
	1
	0
	0
	0
	10
	



	C9
	0
	0
	0
	0
	0
	0
	0
	0
	1
	1
	0
	0
	1
	0
	0
	0
	1
	1
	0
	1
	0
	0
	6
	



	C10
	0
	0
	1
	0
	1
	1
	0
	1
	0
	1
	0
	1
	0
	0
	1
	1
	0
	0
	0
	1
	0
	0
	9
	



	C11
	0
	0
	0
	1
	1
	1
	0
	0
	1
	0
	1
	0
	1
	1
	0
	1
	1
	0
	0
	0
	1
	1
	11
	1



	C12
	0
	1
	0
	0
	0
	1
	1
	0
	0
	0
	0
	1
	0
	1
	0
	0
	1
	0
	0
	0
	0
	1
	7
	



	C13
	1
	0
	0
	1
	0
	0
	0
	0
	0
	0
	0
	1
	1
	0
	0
	0
	0
	0
	0
	0
	0
	0
	4
	



	C14
	0
	0
	0
	0
	0
	0
	0
	0
	1
	0
	0
	0
	1
	1
	0
	0
	0
	0
	1
	1
	0
	0
	5
	



	C15
	0
	0
	1
	0
	0
	0
	0
	1
	1
	1
	1
	0
	0
	0
	1
	0
	0
	0
	0
	0
	1
	1
	8
	



	C16
	0
	0
	0
	0
	0
	1
	0
	0
	0
	0
	1
	1
	0
	0
	0
	1
	0
	0
	0
	0
	0
	0
	4
	



	C17
	1
	1
	0
	0
	0
	0
	0
	1
	0
	0
	1
	0
	0
	0
	0
	1
	1
	1
	0
	0
	0
	1
	8
	



	C18
	1
	1
	1
	0
	0
	1
	0
	0
	0
	0
	0
	1
	0
	0
	0
	0
	0
	1
	1
	0
	0
	0
	7
	



	C19
	1
	0
	1
	0
	1
	0
	0
	0
	0
	1
	0
	1
	1
	0
	0
	0
	0
	0
	1
	1
	1
	1
	10
	



	C20
	0
	0
	0
	1
	0
	1
	0
	1
	1
	1
	0
	1
	0
	0
	0
	0
	1
	0
	0
	1
	0
	0
	8
	



	C21
	0
	0
	0
	0
	0
	1
	1
	1
	1
	0
	0
	1
	0
	1
	0
	0
	0
	1
	0
	0
	1
	0
	8
	



	C22
	1
	0
	0
	1
	1
	0
	1
	0
	0
	0
	1
	1
	0
	0
	0
	0
	1
	0
	1
	0
	1
	1
	10
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