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Abstract 
 

Broiler chicken production in Central Java is primarily carried out through a partnership system involving plasma 

farmers, partner slaughterhouses, and core companies. However, these stakeholders still face sustainability 

challenges. The implementation of sustainable practices in the broiler chicken supply chain is influenced by various 

factors, including barriers. Efforts are needed to address obstacles hindering the optimal implementation of 

sustainable supply chain strategies. This research aims to identify priority barriers, understand the relationship 

between inhibiting factors, and provide policy recommendations. To assess the influence and nature of each factor, a 

combination of the Grey Decision-Making Trial and Evaluation Laboratory (Grey-DEMATEL) and Interpretive 

Structural Model (ISM) methods was used. Six experts from government, practitioners, and academics participated in 

evaluating barriers to ensure a diverse range of perspectives. Fourteen barriers were identified through a literature 

review, and 10 were considered relevant to the research topic. Each valid factor is grouped based on influence group, 

influence size, and priority. The lack of company policy is identified as the highest-priority factor. This research also 

offers policy recommendations to address the top three priority barriers. 
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1. Introduction 

Central Java plays a significant role in Indonesia's broiler industry. According to the Directorate General of 

Livestock and Animal Health Services (2025), Central Java produced approximately 787,171 tonnes of broiler meat in 

2025, making it the second-largest broiler meat-producing province in Indonesia after West Java. This production 

increased from 773,270 tonnes in 2024, highlighting Central Java's continued importance as a major source of broiler 

supply in Indonesia. 90% of broiler chicken production in Central Java is carried out in a partnership system between 

plasma farmers, partner slaughterhouses, and the nucleus company (Susanty et al., 2020). BPS Central Java (2022) 

recorded 70 poultry farming companies in Central Java that were engaged in hatching, breeding, fattening, and rearing 

female poultry for meat or egg production. Plasma farmers and slaughterhouses in Central Java still face problems in 

maintaining sustainability. Nurtini et al. (2017) conducted a study of 255 plasma farmers and found that some farmers 

still incurred losses of up to 12.5%.  Hertanto et al. (2018), in a study of microbiological quality at slaughterhouses in 

Karanganyar, found E. coli and Salmonella contamination originating from equipment, unsanitary conditions, and 
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substandard production processes. Such conditions generate economic losses for plasma farmers, pose social harm to 

consumers through unsafe products, and threaten the sustainability of the broiler chicken supply chain. 

Susanty et al. (2020) and Susanty et al.  (2021) quantified supply chain sustainability in Central Java using 

Multidimensional Scaling (MDS), assessing plasma farmers across three companies and a chicken slaughterhouse. All 

four were classified as moderately sustainable, with indices of 55.35, 60.91, and 51.83 for the companies and 61.99 for 

the slaughterhouse on a 1–100 scale. 

The analysis and evaluation of factors affecting supply chains has been widely studied. Xia and Ruan (2020) 

examined the barriers to implementing sustainable agriculture, strategies for addressing these challenges, and the 

visualization of sustainable agriculture strategies in China using the Grey-DEMATEL method. Paul et al. (2023) 

developed a systematic approach to identify and analyze challenges to sustainability in Australia's food processing 

supply chain through the Best-Worst Method. While Grey-DEMATEL reveals cause–effect relationships and the Best-

Worst Method establishes factor weights, neither approach produces a hierarchical structure showing how barriers drive 

one another across levels. Similar research has been conducted by Siebrecht (2020), Guimarães et al. (2022), Mohseni 

et al. (2022), and Yunita et al. (2022), focusing on the drivers of supply chain implementation. The present study 

addresses the broiler chicken supply chain by identifying priority factors and depicting their interrelationships in a 

diagram. 

Assessing the barriers to Sustainable Supply Chain Management (SSCM) implementation is both theoretically 

and practically important. Although SSCM has developed rapidly over the past two decades, its adoption in practice 

remains constrained, particularly in developing countries, by limited resources, insufficient managerial commitment, 

weak regulatory frameworks, and low collaboration among supply chain actors (Jia et al., 2018).  

This study aims to identify the barriers to sustainable supply chain implementation, examine their 

interrelationships, and provide recommendations based on their priority. The supply chain is delimited to the partnership 

between core companies and plasma farmers, and to chicken slaughterhouses. The barriers were identified through a 

literature review, while the relationships among them were established based on expert judgment. 

The barriers are then ranked by priority to inform development strategies based on the highest-priority factors 

(Nazam et al., 2020). This study employs the Grey Decision-Making Trial and Evaluation Laboratory and Interpretive 

Structural Modeling (Grey-DEMATEL-ISM) methods to evaluate the barriers. 

 

2. Methods 

The variables were identified through a literature review of previous studies on sustainability in agricultural and 

livestock supply chains. The review was limited to peer-reviewed scientific articles published in English from 2018 

onward. To validate the barriers, this study drew on the expert judgment of six experts representing government, 

practitioners, and academics. 

 

2.1 Variables Validation 

Validation focused on content validity, which aims to provide evidence of the extent to which the elements of 

an assessment instrument are relevant to and representative of the intended construct of the research objectives. This 

study used the Content Validity Index (CVI), which, according to Almanasreh et al. (2019), is the most widely used 

method for measuring an instrument's content validity. A four-point rating scale was used: 1 (not relevant and not 

representative of the research objectives), 2 (slightly relevant and slightly representative), 3 (fairly relevant and fairly 

representative), and 4 (highly relevant and highly representative). The CVI can be computed at the level of the entire 

scale or for each individual item, the latter being referred to as the item-level CVI (I-CVI). 

The CVI is calculated as the proportion of respondents who assign a rating of 3 or 4, relative to the total number 

of respondents. If this proportion meets the accepted CVI value, the variable is retained for use in the study; if it falls 

below the required threshold, the variable is excluded. Table 1 presents the acceptable CVI values  (Polit et al., 2007). 

 

2.2 Grey-DEMATEL 

The Decision-Making Trial and Evaluation Laboratory (DEMATEL) is a structural modeling approach used to 

analyze cause-and-effect relationships among elements within complex systems (Thakkar, 2021). DEMATEL was first 

developed by the Battelle Memorial Institute at its Geneva Research Centre in 1973 (Chang et al., 2011; Si et al., 2018). 

The DEMATEL method has been widely used in supply chain studies, such as those on electronic products (Rajesh & 

Ravi, 2015), automotives (Govindan et al., 2015), food (Liu et al., 2021; Susanty, Puspitasari, et al., 2021), and 

Table 1. Acceptable CVI Values 

Number of Experts Acceptable CVI Value 

3-4  Exactly 1 

5  ≥ 0.80 

6  ≥ 0.83 

7  ≥ 0.86 

8  ≥ 0.88 

>9 ≥ 0.78 
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agriculture (Gardas et al., 2018). This method is used as a tool to identify important factors in the supply chain (Gardas 

et al., 2018; Wu and Chang, 2015), to evaluate supply chain sustainability (Lin, 2013), and to evaluate factors in 

sustainable supply chains (Gandhi et al., 2015; Kaur et al., 2017; Khan et al., 2020; Luthra et al., 2018). 

The advantages of this method lie in its effectiveness in analyzing the mutual influence among factors, its 

capacity to capture complex cause-and-effect relationships, and its ability to identify critical evaluation criteria. 

However, DEMATEL has limitations in ranking alternatives, as it relies solely on interdependence relationships and 

does not account for relative weighting. 

The limitations of DEMATEL, particularly its susceptibility to subjectivity and imprecision in expert input, 

necessitate integrating the method with other theories, such as grey theory (Khan et al., 2020). Grey set theory enables 

decisions that more closely approximate reality by constructing models based on numerical intervals. It is adopted 

because expert judgments can be expressed in linguistic terms rather than in crisp values  (Han & Wang, 2018). Grey 

theory is incorporated into DEMATEL to address ambiguity arising from expert judgments, accommodate limited data 

or small expert samples, and improve the accuracy of observations (Haleem et al., 2019; Si et al, 2018). Data processing 

with the Grey-DEMATEL method follows the procedures applied in Bhatia & Srivastava (2018); de Campos et al. 

(2020); Xing et al. (2023).  

 

2.3 Interpretive Structural Modeling (ISM) 

ISM is a technique developed by Warfield (1974) and Sage (1977) that adopts a pairwise comparison approach. 

The technique helps identify relationships among the variables under study (Haleem et al., 2012). However, ISM can 

only indicate the order and direction of the complex relationships among variables; it does not assign weights to those 

variables (Kannan et al., 2008). 

A study by Shahabadkar et al. (2012) shows that ISM is widely used in research on supply chain management. 

Among the supply chain management topics covered in that study are supplier management, supply chain risk 

management, technology adoption, supply chain performance, reverse logistics, supply chain integration, the service 

industry, and green supply chain management. ISM has been widely applied to analyze issues within supply chains, 

depict barriers and drivers, and model the structure of relationships and interactions. 

The ISM method is carried out in several stages, including (Dixit et al., 2022; Xing et al., 2023): 

1. Converting the total influence matrix into the initial reachability matrix 

2. Checking for transitivity and constructing the final reachability matrix 

3. Partitioning the reachability matrix 

4. Developing the ISM model 

5. MICMAC analysis 

 

3. Results and Discussions 

A total of 32 journal articles were screened as relevant to the topic, of which 8 were selected for the analysis of 

barriers to sustainable supply chain implementation. The remaining 24 were excluded because their focus differed from 

Table 2. Barrier Factors 

No Barriers 

Ghadge 

et al. 

(2020) 

Kumar 

et al. 

(2022) 

Srinivasan 

et al. 

(2022) 

Paul 

et al. 

(2023) 

Guimarã

es et al. 

(2022) 

Liu et al. 

(2021) 

Adams 

et al. 

(2023) 

Mohseni 

et al. 

(2022) 

B1 Inadequate Technology          

B2 High Investment Cost          

B3 Lack of Knowledge          

B4 
Lack of Management 

Motivation 
        

B5 Lack of Regulation         

B6 Lack of Expertise         

B7 
Increase in Operational 

Costs 
        

B8 
Lack of Government 

Guidance 
   

 

 
    

B9 
Lack of Government 

Control 
        

B10 
Lack of Company 

Policy 
        

B11 
Customer Concern for 

Sustainability 
        

B12 Company Size         

B13 Market Fluctuation         

B14 Product Price         
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that of this study or because they were inaccessible. The selected studies are Ghadge et al. (2020), Srinivasan et al. 

(2022), Kumar et al. (2022), Paul et al. (2023), Guimarães et al. (2022), Liu et al. (2021), Adams et al. (2023), and 

Mohseni et al. (2022). 14 variables were derived from the literature review; 10 were successfully validated and retained 

as the selected barriers. The barriers are presented in Table 2.  

 

3.1. Prominence and Causal Relations Based on Grey-DEMATEL 

The prominence value (r+c), the relation value (r-c), and the depiction of interrelationships among factors form 

the basis of the Grey-DEMATEL analysis. The (r+c) value indicates the magnitude of a factor’s influence in relation 

to other factors. Factors with high (r+c) values exert a substantial influence in impeding the implementation of a 

sustainable supply chain. The (r-c) value indicates the nature of a factor, whether it acts as a cause factor that influences 

other barriers, or as an effect factor that is influenced by other barriers. If the (r-c) value is greater than 0, the factor 

belongs to the cause group. If the (r-c) value is less than 0, the factor belongs to the effect group. The lower the (r-c) 

value, the more strongly the factor is influenced by others. Figure 1 shows the position of each factor based on its (r+c) 

and (r-c) values. 

Several barriers stand out in terms of prominence (r+c), which reflects the extent to which a factor is embedded 

in the system as both an influencing and an influenced element. Inadequate technology (B1), increase in operational 

costs (B7), and product price (B14) record the highest (r+c) values, yet their (r-c) values lie close to zero. This positions 

them as linkage factors that transmit influence within the system rather than originate it, indicating that they are closely 

tied to the other barriers and represent the most visible manifestations of the constraints on sustainable supply chain 

implementation.  

Conversely, company size (B12), market fluctuation (B13), and lack of company policy (B10) combine high 

prominence with clearly positive (r-c) values, placing them in the cause group. These barriers exert substantial influence 

on the others while being only slightly influenced in return, which establishes them as the priority factors for 

intervention. Consumer concern for sustainability (B11) also falls within the cause group, but its weak net causal effect 

and low prominence suggest a limited role in the system observed. 

Lack of company policy (B10) and market fluctuation (B13) emerge as strong barriers in this study; market 

structure was likewise identified by Habib et al. (2024) as a strong barrier to sustainability in agribusiness. Company 

size, in turn, was found to be a barrier in the studies of Wang et al. (2018) and Baig et al. (2020). These three factors 

are regarded as strong barriers because they not only affect a single dimension of sustainability but also serve as driving 

barriers that shape an organization’s capacity to implement sustainability practices throughout the supply chain. This 

finding is consistent with Seuring and Müller (2008), who emphasize that implementing sustainability depends on the 

focal company’s capacity to set standards and communicate the corresponding requirements to all partners across the 

supply chain. 

The (r+c) values indicate that several factors fall into the medium and weak categories. High investment cost 

(B2) and lack of management motivation (B4) have medium (r+c) values, placing them among factors of moderate 

impact; both are influenced more by other factors than they influence, given their negative (r-c) values. The factors with 

the lowest (r-c) values are B4 and B5, which are therefore the weakest of the effect factors. Another weak factor is 

consumer concern for sustainability (B11), which belongs to the cause group. 

 

3.2. Hierarchical Structure Based on ISM 

The ISM model of the relationships among the barriers to sustainable supply chain implementation comprises 

four levels. For ease of discussion, levels 1 and 2 are hereafter referred to as surface factors and levels 3 and 4 as 

 
Figure 1.  Cause-Effect Diagram 
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fundamental factors; this grouping is a simplification adopted in the present study. Figure 2 shows the position of each 

factor within the hierarchy. The deeper a factor is positioned in the hierarchy, the greater its driving power over the 

factors above it, making factors at levels 3 and 4 the priorities for intervention. 

In ISM, the reachability matrix is used in the MICMAC analysis to clarify the role of each factor within the 

system based on its driving power and dependence power. The results of the MICMAC analysis are presented in a four-

quadrant diagram. Figure 3 shows the category of each barrier. 

The ISM method depicts the relationships among factors through the ISM diagram and the MICMAC quadrants. 

The ISM diagram groups the factors into four levels, with level 1 comprising the most dependent factors and level 4 

the most influential. Level 1 consists of a lack of management motivation (B4), a lack of government policy (B5), and 

a lack of consumer concern for sustainability (B11). Level 2 consists of high investment cost (B2). Level 3 comprises 

inadequate technology (B1), increase in operational costs (B7), company size (B12), market fluctuation (B13), and 

product price (B14). Level 4 consists of lack of company policy (B10).  

The MICMAC quadrants classify the factors as autonomous, independent, linkage, and dependent. Autonomous 

factors are relatively disconnected from the system, with few links to the other barriers; these include a lack of 

government policy (B5) and a lack of consumer concern for sustainability (B11). The independent factor is only weakly 

influenced by others yet exerts a strong effect on them, namely, the lack of company policy (B10). Linkage factors act 

as connectors within the system and comprise inadequate technology (B1), high investment costs (B2), increase in 

operational costs (B7), company size (B12), market fluctuations (B13), and product prices (B14). The dependent factor 

has low driving power and is strongly influenced by the others, namely, lack of management motivation (B4). 

 

3.3. Integrated Grey-DEMATEL–ISM Analysis  

The barriers to sustainable supply chain implementation identified in this study are treated as a self-contained 

system. The interactions and relationships among the factors were analyzed through a combination of the Grey-

DEMATEL method, the ISM model, and MICMAC analysis. Based on these results, the factors are divided into surface 

factors and fundamental factors. 

Surface 

Factors 

Fundam

ental 

Factors 

 
Figure 2. ISM Diagram 
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Surface factors are those most visible in practice, emerging as consequences of the more fundamental factors 

within the system. In this study, the surface factors comprise high investment cost (B2), lack of management motivation 

(B4), lack of government policy (B5), and lack of consumer concern for sustainability (B11). 

Lack of management motivation (B4) is not a priority factor, as it combines low driving power with high 

dependence, thus falling into the dependent quadrant. It nonetheless warrants examination, since its presence signals 

other barriers with greater driving power. 

High investment cost (B2) occupies a different position relative to the other surface factors. Its prominence (r+c) 

is above average, and the MICMAC analysis places it in the linkage quadrant, indicating that it not only receives 

influence but also transmits it to other factors. Altering this factor, therefore, requires identifying its root causes rather 

than addressing it directly. 

Lack of government policy (B5) and lack of consumer concern for sustainability (B11) are relatively 

disconnected from the system, as both exhibit low driving power and low dependence, placing them in the autonomous 

quadrant. The position of B5 is consistent with its being the least prominent among all factors in the Grey-DEMATEL 

analysis. 

Fundamental factors are the drivers that operate at the deepest level of the hierarchy and substantially shape the 

system. This study identifies six fundamental factors that occupy levels 3 and 4 of the ISM hierarchy: inadequate 

technology (B1), increase in operational costs (B7), lack of company policy (B10), company size (B12), market 

fluctuation (B13), and product price (B14). 

Among these, only lack of company policy (B10) stands alone at level 4 and occupies the independent quadrant, 

combining high driving power with low dependence. B10 is therefore the sole factor that can be regarded as the root 

cause within the system and the highest priority for resolution. Company policy determines the availability of 

technology, operational costs, and product pricing across the partnership chain. 

The five remaining fundamental factors fall within the linkage quadrant. Market fluctuation (B13) and company 

size (B12) exhibit positive net causal effects and thus act as secondary drivers that transmit pressure to the factors above 

them. Inadequate technology (B1), increase in operational costs (B7), and product price (B14), by contrast, have net 

causal effects close to zero, functioning as conduits of influence and as the most visible manifestations of the more 

fundamental barriers. 

Market fluctuation (B13) differs in nature from the other fundamental factors, as it lies beyond the control of 

both the core company and the plasma farmers. Addressing it is therefore better directed at strengthening adaptive 

capacity than at eliminating the factor itself. 

This study identifies six fundamental factors: inadequate technology (B1), increase in operational costs (B7), 

lack of company policy (B10), company size (B12), market fluctuation (B13), and product price (B14). Among these 

six, lack of company policy (B10) is the most influential factor. Company policy is judged to affect the availability of 

technology, operational costs, company size, and product price. 

The ISM analysis identifies six important factors: inadequate technology (B1), increase in operational costs (B7), 

lack of company policy (B10), company size (B12), market fluctuation (B13), and product price (B14). Among these, 

the lack of company policy (B10) is a priority factor, as it ranks lowest on the ISM diagram. In addition, inadequate 

technology (B1) and company size (B12) are identified as priority factors owing to the magnitude of their influence 

and their tendency toward low dependence values. This study therefore identifies three priority factors: lack of company 

policy (B10), inadequate technology (B1), and company size (B12). 

Recommendations for addressing barriers to sustainable supply chain implementation focus on three priority 

factors: lack of company policy (B10), inadequate technology (B1), and company size (B12). The recommendations 

for addressing the lack of company policy (B10) are the establishment of a sustainability committee, the development 

of a sustainability policy, and the conduct of sustainability audits. The recommendations for addressing inadequate 

technology (B1) include identifying potential areas for improvement, such as emissions and energy use, upgrading the 

technology, and monitoring its effectiveness. The recommendation for addressing company size (B12) is to strengthen 

collaboration and cooperation among small enterprises, large companies, government, and academia. 

 

4. Conclusion 

Using the Grey-DEMATEL and ISM methods, three priority factors were identified: lack of company policy 

(B10), inadequate technology (B1), and company size (B12). The Grey-DEMATEL analysis identifies the type and 

magnitude of influence of each factor. The barriers in the cause group are lack of company policy (B10), market 

fluctuations (B13), company size (B12), and lack of consumer concern for sustainability (B11). The barriers in the 

effect group are lack of management motivation (B4), high investment costs (B2), lack of government policy (B5), 

increase in operational costs (B7), inadequate technology (B1), and product price (B14). The factors with the highest 

prominence are product price (B14), increase in operational cost (B7), and company size (B12), whereas those with the 

lowest prominence are lack of government policy (B5), lack of consumer concern for sustainability (B11), and lack of 

management motivation (B4). The recommendations for addressing the three priority barriers are to establish a 

sustainability committee, identify potential areas for improvement, such as emissions and energy use, and strengthen 

collaboration among small enterprises, large companies, government, and academics. 
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