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Received: May 30, 2025 The supply chain is a series of processes that connect various stages of
Accepted: Aug. 1,2025  production, distribution, and delivery of goods or services from producers to
Online: Aug. 20, 2025 final consumers. Understanding the supply chain enables companies to

monitor the quality of raw materials and components used in production,
allowing them to take quick action if problems with product quality arise.

gaet)(/:vr:/ords: Several regions, including Tuban, Sidoarjo, and Banyuwangi, have
£ o significant potential for producing marine fishery products, with the
nvironment, . . . . . . .

Sustainable fisheries sector serving as one of the main pillars of their regional

economies. These areas have diverse aquatic environments, ranging from
coastal waters to deep-sea areas. This environmental diversity supports
various species of fish and marine organisms, resulting in abundant fisheries
resources, including trash fish. Trash fish refers to small fish that are caught
but are not the primary target of fishermen. This research aimed to develop
a supply chain management model for trash fish that ensures high quality
and efficiency in line with its intended use. The study utilizes both primary
and secondary data. The results indicate sustainability index scores of
63.319 for the environmental dimension, 44.173 for the social dimension,
61.747 for the technological dimension, 45.578 for the economic dimension,
and 24.454 for the resource dimension. Overall, the trash fish supply chain
in Tuban, Sidoarjo, and Banyuwangi is not yet fully sustainable.
Implementing zero-waste management in trash fish processing is essential to
optimize utilization, increase added value, and enhance the economic
potential of trash fish.
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INTRODUCTION

The supply chain is a concept that describes the process of flowing goods,
information, and services from the initial producer or supplier to the final consumer
(Kumar et al., 2023). Supply chains involve many entities and processes working
together to produce, deliver, and support products or services ultimately enjoyed by
customers (Dutta et al., 2020; Bistarelli et al., 2023; Szablewska & Kubacki, 2023).
Many companies depend on efficient supply chains to run their operations (Jueseah et
al., 2020; Aragao et al., 2022; Bassett et al., 2022; Diaz et al., 2022; Hirokawa &
Thompson, 2023; Rowan, 2023). Disruptions or problems at any stage of the supply
chain can significantly impact companies, and even the economy as a whole (Grillo-
NuURez et al., 2021; Hashim et al., 2021; Soares et al., 2022; Amaralal et al., 2023).

In the era of globalization, supply chains often involve entities in various countries,
presenting additional challenges in management, communication, and regulation (Little
et al., 2018). Understanding the supply chain helps business units identify areas where
efficiency can be improved, thereby saving costs and production time (Parrefio-
Marchante et al., 2014; Kaminski et al., 2018). Business units that understand the
supply chain well are better able to adapt to changes in market demand or disruptions
(Oliveira et al., 2021). Another critical point is that business units with efficient supply
chains can become more competitive by offering products or services at more
competitive prices.

Tuban, Sidoarjo, and Banyuwangi are several areas with significant marine
fisheries potential, and the fisheries sector is one of the main pillars of their local
economies (Umroh et al., 2020; Putri et al., 2022; Rachman et al., 2022). Apart from
providing a source of income for fishermen, marine fishery products from these regions
are also essential contributors to the supply of fish and fishery products for consumers
both inside and outside the area (Lestari et al., 2019; Khan et al., 2020). This region has
various aquatic environments, from coastal waters to the deep sea, supporting a diversity
of fish species and marine organisms that result in abundant fisheries. These three regions
are located on the north coast of East Java, directly bordering the Java Sea and the
Madura Strait (Malisan et al., 2023), which provides easy access to waters rich in marine
resources (Anam et al., 2021). This potential has resulted in a high production of trash
fish.

Trash fish is a term usually used to describe small fish that live in various types of
water, including rivers, lakes, swamps, ponds, estuaries, or coastal waters (Da Costa et
al., 2023). Classification is often based on where they are found. Trash fish typically have
a small body size, less than 15— 20cm, although variations depend on the species (Hien et
al., 2015). They are dominated by species with short life cycles, meaning they mature
more quickly and reproduce faster (Bunlipatanon et al., 2014). These fish play an
ecological role in specific aquatic ecosystems, serving as small predators, detritus
feeders, or plankton eaters (Belton & Thilsted, 2014).
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Understanding the supply chain in Tuban, Sidoarjo, and Banyuwangi is important
because trash fish is the primary source of protein for many communities in the region
(Priatni et al., 2018). The availability of trash fish in the supply chain affects local
communities’ welfare and food security. Knowledge of the trash fish supply chain aids in
managing fisheries resources, including fishing practices, marine ecosystem preservation,
and conservation efforts to ensure sustainability (Chiat Lee & Viswanathan, 2019;
Sampantamit et al., 2020). It can also be used to assess the environmental impact of
fisheries.

Moreover, information about the trash fish supply chain is essential for government
authorities to develop appropriate regulations and policies (Sinh et al., 2014; Andrean,
2020; Kurniawan et al., 2025). This includes determining catch limits, fishing seasons,
quotas, and other measures to maintain sustainable fisheries. Understanding fish supply
chains also helps manage risks related to fish stock fluctuations, price changes, natural
disasters, or climate change, which can affect the sustainability of fisheries businesses
(Piredda et al., 2023; Tola et al., 2023).

This research aimed to produce a supply chain management model for trash fish
that ensures good quality and efficiency according to its intended purpose. Similar
research has never been conducted in this area, making this study a valuable contribution.
The specific objective was to identify the trash fish supply chain in Tuban, Sidoarjo, and
Banyuwangi.

MATERIALS AND METHODS

This research was conducted in three locations—Tuban, Sidoarjo, and
Banyuwangi—from March to August 2023. Two types of data were used: primary and
secondary. Primary data included expert opinions and views regarding the attributes of
sustainability indicators, the structure of actors in the fish waste fishery industry supply
chain, and information on company operational activities. These data were obtained
through questionnaires, expert surveys, interviews, expert panel discussions, and direct
field observations (Sinh et al., 2014; Cao et al., 2015). Using these various methods
allowed the researchers to gain diverse perspectives on the fish waste supply chain.

Secondary data included information on relevant laws and regulations, statistical
reports, program and budget planning documents, studies related to damage in fisheries
areas, monitoring and evaluation results, and other supporting materials (Belton et al.,
2018).

Stages of the trash fish supply chain

A descriptive approach and situational assessment were used to outline the profile,
sustainability, and performance of the trash fish industrial sector. Sustainability indicators
were determined through in-depth research, including literature reviews and field
observations (Sinh et al., 2014; Kurniawan et al., 2024b).
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During the research process, interviews were conducted with stakeholders, and the
information obtained formed the basis for brainstorming sessions and discussions with
expert sources. This process was repeated multiple times, including the comparison of
indicators using the compare-and-contrast method, to reach a final agreement on the type
and value of sustainability indicators for the trash fish industry in Tuban, Sidoarjo, and
Banyuwangi. These indicators were designed to comprehensively reflect the performance
of various aspects of trash fish sustainability.

The sustainability indicator values obtained through interviews and questionnaires
were then analyzed using the Rapfish technique (Rapid Appraisal for Fisheries) (Haridhi
et al.,, 2018; Yasir Haya & Fujii, 2020; Vismann et al., 2022). Rapfish relies on
ordination techniques using Multi-Dimensional Scaling (MDS). The results of the
Rapfish analysis were classified based on index scores and sustainability status, as
presented in Table (1).

The data were further processed and evaluated using the Fuzzy AHP method and
the SCOR (Supply Chain Operations Reference) approach. The supply chain performance
assessment was conducted based on the information shown in Table (2).

Table 1. Index categories and sustainability status
Index Value Category
0,00-25,00 Not sustainable
25,01-50,00 Not sustainable
50,01-75,00 Quite sustainable
75,01-100,00 Sustainable

Table 2. Trash fish supply chain performance criteria

Performance Value Criteria
95-100 Excellent
90-94 Above Average
80 -89 Average
70-79 Below average
60 - 69 Poor

<60 Unacceptable

Stages of designing a trash fish supply chain management model
The trash fish supply chain management model was developed through two steps of
the Soft Systems Methodology (SSM):
1. Evaluation of the problem situation within the trash fish supply chain.
2. ldentification of the problem and creation of a comprehensive visual
representation.
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RESULTS AND DISCUSSION
Situational conditions of the trash fish processing industry

Statistical data and field observations show that most waste in the fish processing
industry comes from small- to medium-scale operations, indicating the dominance of
micro, small, and medium enterprises (MSMEs). The presence of MSMEs has the
potential to provide income to local communities and contribute to regional economic
growth. However, this industry faces several challenges, including limited facilities and
infrastructure, which can hinder development.

Adequate transportation facilities are critical to support the distribution of trash fish
products (Hien et al., 2015; Piredda et al., 2023). The quality of human resources (HR),
access to capital, and the capacity of business actors are also key factors for success
(Wang et al., 2016; Howson, 2020; Kurniawan et al., 2024a). Training and education
are necessary to improve the skills and capacity of workers and business owners in this
industry. A stronger focus on commodity development and the waste fish processing
sector can increase efficiency and competitiveness. Furthermore, strong institutions and
an understanding of social and cultural aspects are essential for managing resources
sustainably and maintaining positive relationships with local communities (Fréon et al.,
2014; Al Zamzami et al., 2023).

Technological improvements and better processing practices are needed to enhance
the quality of trash fish products. With proper training and education, MSMEs in this
sector could also develop derivative products from trash fish, thereby increasing their
market value.

The research findings reveal the sustainability level of the trash fish fishing industry
in Tuban, Sidoarjo, and Banyuwangi. The study involved interviews and brainstorming
sessions with various stakeholders, including fishermen, the fishing industry, local
governments, and experts. The sustainability index consists of five primary dimensions:

1. Environmental Dimension — Evaluates waste management practices, water use
efficiency, and the potential volume of liquid waste generated by the fishing
industry.

2. Social Dimension — Assesses fishermen’s skills and income, the cooperative
relationship between fishermen and the fishing industry, and the industry's
capacity to employ local workers.

3. Technological Dimension — Examines the suitability of technology, the variety of
products produced, and the quality of outputs from the fishing industry.

4. Economic Dimension — Measures net profit, profit margin, economic
contribution, product quality, and the number of businesses involved.

5. Resource Dimension — Evaluates the availability, continuity, and quality of raw
materials, as well as the sources of raw material supply.



2442 Sukoso et al., 2025

Table 3. Category and sustainability index for each dimension

Dimension Continuity Category Index Value
Environment 63,319 Quite sustainable
Social 44,173 Not sustainable
Technology 61,747 Quite sustainable
Economy 45,578 Not sustainable
Resource 24,454 Not sustainable

The sustainability of trash fish in Tuban, Sidoarjo, and Banyuwangi requires
assessment across multiple dimensions, including environmental, economic, social, and
technical aspects of fisheries. Sustainability experts must collect and evaluate relevant
data from each of these dimensions. The outcome is a multidimensional sustainability
index, which indicates that trash fish sustainability in the region is currently classified as
“less sustainable” (Table 3). This classification suggests the presence of several
challenges that require immediate attention, such as implementing stricter regulatory
frameworks, introducing sustainable fishing and processing practices, increasing public
awareness, and strengthening collaboration with relevant stakeholders. The trash fish
supply chain model for Tuban, Sidoarjo, and Banyuwangi is illustrated in Fig. (1).

Fish meal

processina factorv
A

Cultivator | Consumer

g

Fish sorting |—» Processing —»| Retailer [»| Consumer

!

/ warehniice industrv

Cultivator —»| Collector | Consumer

Fig. 1. Trash fish supply chain model in Tuban, Sidoarjo, and Banyuwangi

The results of the expert evaluation using the Fuzzy AHP method for performance

measurement show the highest weights at each level as follows:

Business process level — Procurement: 0.474

Performance parameter level — Quality: 0.773

Performance attribute level — Reliability: 0.651

Performance matrix level — On-time arrival: 0.412
These results indicate that arrival punctuality is a key performance factor that must
be prioritized in managing the fresh fish supply chain. Furthermore, the high weight for
the reliability performance attribute highlights the importance of building and
maintaining trust as a central focus of the company’s supply chain management strategy.
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Ideal model of the trash fish supply chain
Evaluate the problem situation in the trash fish supply chain

A complex situation exists in the fish supply chain of Tuban, Sidoarjo, and
Banyuwangi, with several critical problems, including overfishing and the use of
environmentally damaging fishing gear. These practices harm fishermen and marine
ecosystems, threatening the sustainability of fish resources (Olopade et al., 2017;
Sumaila & Tai, 2020; Al Zamzami et al., 2025). Fishermen in these regions often face
limited market access and low added value in the fish supply chain, which negatively
affects their income.

In addition, inadequate infrastructure and technology hinder improvements in the
efficiency of fish production and distribution. Climate change further compounds these
challenges with rising sea temperatures, extreme weather events, and increasing ocean
acidity affecting fish stocks and causing fluctuating fish prices—making business
planning difficult (Rodrigues et al., 2015; Stewart-Sinclair et al., 2020; Anggayasti et
al., 2025). These issues directly impact fishing companies and processing SMEs, limiting
their ability to secure sufficient quantities of high-quality raw materials and resulting in
low-quality fishery products. Consequently, consumer demand for fishery products
remains unmet.

The difficulty of addressing these challenges makes it hard to implement fisheries
industrialization strategies and promote sustainable fisheries development. The fishing
industry in Tuban, Sidoarjo, and Banyuwangi remains unsustainable, with raw material
supplies still relying heavily on an order-based system due to difficulties in ensuring a
consistent and sustainable supply.

Recognition of the problem and creation of a comprehensive visual
representation

Based on the problem situation identified in Stage 1, a cause-and-effect analysis
was conducted using diagrams to determine the root causes of issues in the trash fish
supply chain in Tuban, Sidoarjo, and Banyuwangi. This analysis revealed several crucial
challenges:

1. Limited diversification of processed products made from trash fish.

Underdeveloped domestic market for processed trash fish products.

Lack of assistance for MSMEs in maintaining and monitoring product quality.

The need for halal certification of trash fish products.

Limited market development efforts.

Insufficient recycling of all types of fish to increase economic value.

Limited distribution permits for trash fish products.
The problem situation in the trash fish supply chain is visually represented as a rich
picture, as shown in Fig. (2)

No bk owd
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Fig. 2. A rich picture of the trash fish supply chain

The diagram presents an integrated framework for sustainable fisheries supply
chain management, highlighting the interconnected roles of green procurement, green
manufacturing, reverse logistics, and green distribution.

At the upstream stage, green procurement begins with the collection of fisheries
data from fishermen, suppliers, small-scale retailers, vendors, and auctioneers. Raw
materials—specifically fish (locally termed runcah)—are stored in cold storage facilities
before being delivered to processing industries or small and medium-sized enterprises
(SMEs). This stage also incorporates market intelligence derived from transportation
networks, collection center operations, seasonal climate patterns, and other environmental
factors, enabling more accurate demand forecasting and resource allocation.

The green manufacturing stage focuses on environmentally responsible production.
Educators and facilitators train stakeholders to ensure compliance with distribution
permits and certifications. Quality control and product maintenance are prioritized,
supported by close monitoring of raw material inventories. Defective or waste products
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are recycled or reprocessed to minimize environmental impact. This closed-loop system
integrates product innovation and research from academic and research institutions,
ensuring continuous improvement and sustainable production practices.

Reverse logistics ensures that waste generated along the supply chain is effectively
managed through recycling, resource renewal, and raw material reuse. Waste return
systems link customers back to manufacturers, reducing the supply chain’s ecological
footprint.

The green distribution stage ensures products reach buyers and retail distributors
via environmentally responsible channels. This process is reinforced by halal certification
for market compliance and targeted market development strategies. Companies,
distributors, and customers are connected in a feedback loop where recovered resources
and insights feed back into the production cycle.

Overall, this framework adopts a circular economy approach in the fisheries sector,
integrating information flow, material recycling, and sustainable certification to achieve
environmental responsibility, product quality, and market competitiveness. It underscores
the synergy between stakeholders—from fishermen to end consumers—ensuring that
sustainability is embedded throughout the entire supply chain.

CONCLUSION

Based on the research findings, the trash fish supply chain in Tuban, Sidoarjo, and
Banyuwangi is classified as less sustainable. Implementing zero-waste management is
essential to optimize utilization, increase added value, and maintain the long-term
sustainability of trash fish resources.

The study also highlights the importance of providing community assistance,
particularly in developing processed food products from trash fish, which have high
nutritional content. To enhance marketability, these processed products should obtain
both halal certification and quality standard certification to ensure product safety and
compliance with regulatory requirements.
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