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Abstract. The fresh market sector holds a vital position in the food
supply chain, serving as a crucial link between producers and
consumers. This study research examines the inventory
management practices within fresh markets in Malaysia. The aim is
to identify both common and unique approaches and issues related
to inventory management, with the objective of enhancing the
efficiency of existing inventory management systems in Malaysian
fresh markets. However, one of the key challenges faced by many
retail groups in this sector is maintaining a balance between demand
and supply. This imbalance often results in the issue of
overstocking, leading to significant food loss. Upon thorough
analysis of existing literature reviews, this study presents the
framework for improving fresh food management and identifying
flow-related challenges associated with current inventory
management practices. The findings of this research serve to guide
policymakers in adopting a comprehensive approach to tackle the
issue of imbalanced food supply and address the shortcomings in
inventory management within Malaysia.

1 Overview

Fresh markets, also known as wet markets, play a crucial and central role in
Malaysia's rich and diverse food culture (Abdul Rahman et al., 2020; Ghani et al.,
2022; Mat Lazim et al., 2020). These markets serve as the primary destination for
consumers across the country to obtain fresh produce, seafood, and other perishable
goods. Efficient inventory management is of utmost importance in maintaining the
smooth functioning of fresh markets, enabling a consistent supply of top-quality
produce while effectively reducing waste and losses (Banerjee & Agrawal, 2017; de
Carvalho et al., 2022; Dolat-Abadi, 2021; Guritno et al., 2015; Kumar & Agrawal,
2023a; Liu et al., 2019). However, inefficient inventory management in these markets
leads to significant waste generation. This report focuses on the potential solutions of
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resilient supply chain networks, circular economy strategies, and the integration of
digitalisation and technology.

Malaysia faces challenges related to inventory waste generation in its fresh
markets (Jereme et al., 2016; UNEP, 2021). The lack of efficient supply chain
networks and inadequate inventory management practices contribute to significant
waste, including food spoilage, unsold produce, and packaging waste. This waste not
only has economic implications but also environmental and social consequences
(Huang et al., 2021; Sepehri et al., 2021).

2 Introduction

Inventory waste generation in fresh markets contributes to environmental
degradation through increased greenhouse gas emissions, land occupancy, and water
usage (Martinez-falc & Eduardo, 2024; Paam et al., 2019; Shafiee et al., 2021).
Moreover, it poses challenges to waste management infrastructure, affects public
health, and exacerbates social inequality. Addressing these issues is crucial for
sustainable development and the achievement of national and international goals,
such as the United Nations Sustainable Development Goals (UNEP, 2021).

A resilient supply chain network is essential for minimising inventory waste and
ensuring the smooth flow of goods in fresh markets (Akbari & Hopkins, 2022; Biuki
et al., 2020; de Carvalho et al., 2022; Guritno et al., 2015; Kumar & Agrawal, 2023a;
Woo et al., 2021). Resilience enables organisations to adapt and recover quickly from
disruptions, reducing waste generation. It involves building strong relationships
among suppliers, farmers, market vendors, and other stakeholders to enhance
coordination, responsiveness, and adaptability (Gokarn & Choudhary, 2021; Kaur et
al., 2022; Onwude et al., 2023).

Digitalisation and technology play a crucial role in addressing inventory waste
generation in fresh markets (Han et al., 2021). Technologies, such as the Internet of
Things (IoT), data analytics, and cloud computing, enable real-time monitoring of
inventory levels, demand patterns, and product quality (Liu et al., 2019; Martinez-
falc & Eduardo, 2024; Saurabh & Dey, 2021; Sepehri et al., 2021). By leveraging
these technologies, market vendors can improve demand forecasting accuracy,
optimise inventory levels, and enhance supply chain visibility, thereby reducing
waste generation.

Addressing inventory waste generation in Malaysia's fresh markets requires
proactive strategies. By adopting resilient supply chain networks, embracing circular
economy principles, and leveraging digitalisation and technology, fresh markets can
optimise their operations, reduce waste generation, and contribute to sustainable and
efficient inventory management. These solutions will not only benefit the
environment but also foster economic growth, improve resource utilisation, and
enhance social well-being. It is crucial for policymakers, market vendors, and other
stakeholders to collaborate and implement these strategies to create a more resilient,
circular, and technologically advanced fresh market ecosystem in Malaysia.

This research endeavours to comprehend the evolution and distinctions among
prevalent frameworks within the inventory management systems as revealed through
the literature review. By focusing on the current practices of these frameworks, we
aim to propose the development of a more constructive and comprehensive
perspective that addresses the reduction of food waste and financial losses stemming
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from overstocking and imbalances in the demand and supply within Malaysia's food
supply chain.

3 Factors Influencing Supply Chain Performance

A study conducted by Guritno et al. (2015) focused on Indonesia's fresh market
and highlighted the importance of effective inventory management optimization to
ensure timely and accurate delivery of products. The report introduced a simulation-
based optimization framework that incorporated a discrete choice model and heuristic
replenishment policies. This approach aimed to optimise inventory management and
contribute to pricing decisions specifically for perishable goods. The performance of
the supply chain in the study was influenced by various factors, including supply
chain costs, product sales, warranty costs, and employee productivity (Guritno et al.,
2015).

Furthermore, lead times played a crucial role in order fulfilment between
customers, suppliers, and the company's overall cycle time and delivery periods.
These lead times influenced the efficiency of the inventory management process.
Blumenfeld et al. (1999) emphasised the significance of consumer type, the nature of
the supply chain, and bargaining power as key factors for effective inventory
management.

Singh et al. (2022) explored the significance and application of industry 4.0
technologies in horticulture, specifically in areas such as supply chain, disease
detection, irrigation management, soil fertility, fertilizer management, maturity
identification, marketing, and weather patterns. Han et al. (2021) reported the context
of supply chain of fresh produce, with a focus on the production and distribution
planning.

Kumar and Agrawal, (2023) identified the challenges and opportunities for Agri-
fresh food supply chain management in India and restructuring the supply chains to
be more effective and efficient. Thirty-four challenges across six drivers (facilities,
inventory, transportation, information, pricing, sourcing) of the agri-fresh food
supply chains were identified. Six opportunities for improvement were presented,
including redesigning agri-fresh food supply chains, collaboration and coordination,
enabling technologies, forecasting models, government roles and initiatives, and
investments. Challenges related to facilities and information have received more
attention from the research community, while challenges related to the perishable
nature of agri-fresh items have received the maximum attention. A conceptual
framework is developed to map each challenge to corresponding opportunities based
on past research suggestions.

In summary, the studies in literature emphasises the importance of optimising
inventory management to ensure timely product delivery (Alshehri, 2023; de
Carvalho et al., 2022; Ghani et al., 2022; Gorgiin et al., 2023; Guritno et al., 2015;
Kaur et al., 2022; Kumar & Agrawal, 2023a; Manavalan & Jayakrishna, 2019;
Mantravadi & Srai, 2022; Nagarajan et al., 2022; Onwude et al., 2023; Saurabh &
Dey, 2021; Woo et al.,, 2021; Yavari et al., 2020). Their simulation-based
optimisation framework, incorporating discrete choice models and heuristic
replenishment policies, contributed to pricing decisions for perishable goods. The
studies highlighted the influence of factors such as supply chain costs, product sales,
warranty costs, and employee productivity on supply chain performance.
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Additionally, the studies underscored the significance of lead times and factors like
consumer type, supply chain nature, bargaining power, and the relationship between
customer needs and orders in effective inventory management. By considering these
factors, organisations can enhance their ability to meet customer needs and improve
inventory management practices.

4 Related Work

Herbon et al. (2014) builds upon previous literature on inventory management of
perishable products, deteriorating inventory systems, and dynamic pricing.The article
is based on the theoretical framework of the inventory routing problem (IRP) and its
variations. It builds upon previous literature on IRP and incorporates new
characteristics such as continuous-time consumption and time windows.

Building on Guritno et al.'s (2015) delved into strategies for effective inventory
management of perishable products. The study introduced a simulation-based
optimization framework incorporating a discrete choice model and heuristic
replenishment policies.

Herbon, (2017) developed an advanced non-cooperative game model to optimise
the management of multi-aged expiring inventory, considering the heterogeneous
response of consumers to pricing and timing factors. The main objectives were to
analyse the goals of price minimisation, freshness maximisation, and maximisation
of the quantity on the shelf and to specify the conditions under which the coexistence
of multiple types on the shelf is not beneficial to the retailer or the market.

Woo et al. (2021) develop a production-inventory control (PIC) model for a
supply chain network (SCN) that minimises total network cost while ensuring no
shortages of inventory and shutdown periods. The study was based on the theoretical
framework of supply chain management, and production-inventory control. It builds
upon previous research on coordination policies, such as the vendor-managed
inventory (VMI) strategy, economic order quantity (EOQ) model, economic
production quantity (EPQ) model, and integer-ratio cycle (IRC) policy. The results
obtained by the algorithm developed in the study were compared to the results of
existing models in the literature, and improvements were observed.

Gautam et al. (2022) develop a sustainable production inventory model that
considers the greening degree and dual determinants of defective items. The objective
was to be proposed two models for handling defective goods, one involving salvaging
and the other involving reworking, and assess their sustainability and performance.
The theoretical framework of the study revolves around sustainable supply chains,
greening levels, and decision-making of manufacturers. The study incorporates
concepts such as greening degree, pricing, defectives handling, and sustainability
assessment to develop the production inventory models. However, the potential
limitations and challenges of the aforementioned reported studies include the
complexity of incorporating real-world factors into the mathematical models,
assumptions made during model development, and the generalisability of the findings
to different industries or contexts.

Alarcon-Ortega and Doerner, (2023) recently reported on continuous-time
stochastic inventory routing problem with time windows (CTSIRPTW) and develop
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a metaheuristic solution approach to efficiently plan delivery times and quantities
while avoiding stock-out situations caused by continuous product consumption.

5 Summary of the related Framework

In this study a comprehensive literature review has been presented, focusing on
various dimensions of fresh food supply chains, perishable product inventory
management, and sustainable supply chain design. The studies explored in this
chapter contribute valuable insights into the complexities and challenges inherent in
managing these intricate systems (Table 5.1).

Table 5.1 Tabular Summary of Literature
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The assessment of fresh vegetable supply chains demonstrates critical factors
influencing performance, offering a foundation in understanding the dynamics of cost
attributes and strategic inventory management. The introduction of simulation-based
optimization provided a forward-looking perspective, showcasing the adaptability of
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models to enhance inventory management and pricing decisions for perishable
products.

Sustainable supply chain design emerged as a crucial theme, with studies
evaluating supplier sustainability and proposing integrated models for optimizing
location, routing, and inventory decisions. The utilization of hybrid metaheuristics
highlighted the commitment to addressing incorporating economical, ecological, and
societal aspects in supply chain decision-making.

Scenario modelling in food flow management extended the analysis to national
networks, emphasizing the importance of comprehensive approaches. The
incorporation of socio-ecology concepts illustrated the interconnectedness of actors
in the food supply chain, aligning with practice of sustainability goals and global
initiatives.The exploration of bottlenecks in fresh food supply chains provided
insights into challenges faced in different contexts. While specific challenges may
vary, the overarching themes of transportation, cold chain management, and
sustainability emerged as critical factors influencing the resilience of these supply
chains.

In the chapters ahead, we delve into a focused examination of the fresh food
supply chain, leveraging the insights gained from reviewed literatures to inform this
research methodology and findings. Through an integrated approach, we aim to
contribute meaningfully to the ongoing discourse on the optimization and
sustainability of fresh food supply chains.

This chapter introduces an innovative framework aimed at enhancing supply
chain performance within the context of fresh markets in Malaysia. Recognizing the
complexities and dynamics of fresh food supply chains, the framework is constructed
around three pivotal components: a Resilience Supply Network, Circular Economy
principles, and Digitalisation and Technology. Each component is integral to the
proposed framework, and their synergy is expected to drive significant improvements
in supply chain performance (see Figure 6.1).

6 Enhance Framework for Fresh Markets Inventory
Management in Malaysia
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Fig .6.1. Enhance Framework for Fresh Markets Inventory Management in Malaysia

The resilient supply network component of the framework encompasses all the
key actors and entities involved in the fresh market ecosystem. This includes farmers,
postharvest handlers, intermediary agents or suppliers, business-to-business
consumers or retailers, point-of-sale systems, end consumers, and waste management
through anaerobic digestion. By establishing a resilient supply network, the
framework aims to ensure the smooth flow of goods and services, minimise
disruptions, manage risks, and enhance the overall responsiveness of the supply
chain. The collaboration and coordination among these stakeholders are essential for
effective and sustainable management of fresh markets.

The circular economy component emphasises the principles of resource
extraction, processing/production, distribution, consumption, and disposal. It seeks
to minimise waste generation, promote the reuse, recycling, and regeneration of
materials, and reduce environmental impact. By adopting circular economy practices
within the framework, stakeholders can optimise resource utilization, minimise waste
generation, and create a sustainable and environmentally friendly fresh market
ecosystem. This includes strategies such as implementing efficient packaging,
encouraging product recycling, and promoting responsible disposal methods.

The digitalisation and technology component leverages the power of cutting-edge
advancements to enhance the efficiency and effectiveness of fresh market operations.
Key technologies include the Internet of Things (IoT) and cloud computing, which
enable real-time monitoring, visualization, and control over supply chain activities.
Cloud servers facilitate seamless data exchange and provide stakeholders with
valuable insights and actionable information. Blockchain technology ensures
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improved administration, record-keeping, reliability, and accuracy within the supply
chain, offering enhanced traceability and transparency. Artificial intelligence (AI)
plays a vital role in optimizing inventory placement, increasing customer sales
through personalised recommendations, and real-time fraud management.

The integration of these three components in the framework offers numerous
benefits and implications for managing fresh markets. These include: Enhanced
supply chain resilience and responsiveness, Improved resource utilization and waste
management, Reduced environmental impact and increased sustainability, Real-time
monitoring and control for improved decision-making, Enhanced transparency and
traceability throughout the supply chain, Increased efficiency and productivity
through Al-driven optimisation, enhanced customer experience and personalisation.

6.1 Importance of Supply Chain Performance

The performance of supply chains is critical to the success of fresh markets.
Efficient supply chains can reduce waste, lower costs, and improve product quality
and availability. The proposed framework seeks to optimise these aspects, facilitating
better outcomes for all stakeholders from farmers to consumers. Enhancing supply
chain performance is particularly vital in the context of fresh markets, where
perishability and demand variability pose unique challenges.

6.2 First Component — Resilience Supply Network

The Resilience Supply Network is designed to withstand and quickly recover
from disruptions. This component encompasses the entire flow from farmers to
consumers, ensuring that each link in the chain—from post-harvesting to point of
sales is robust and adaptable. It includes strategies for managing waste and
incorporates anaerobic digestion for waste-to-energy processes, closing the loop in
the supply chain and contributing to its resilience.

Kuligowski et al., (2023) utilised Kitchen waste as a better fertiliser than mineral
fertiliser. The report supports the adoption of anaerobic digestion of kitchen waste to
improve agronomic effectiveness compared to microorganism-incubated kitchen
waste. The study also suggests that kitchen waste introduced to the soil improved soil
properties compared to mineral fertiliser.

Sharma et al., (2023), converted food waste into biofertilizer through techniques
like anaerobic digestion, composting, and vermicomposting which helps to close
nutrient loops, reduce waste, and contribute to environmental sustainability.

6.3 Second Component — Circular Economy

Embedding Circular Economy principles into the supply chain addresses the
upstream (take), midstream (make), and downstream (waste) phases. By emphasizing
responsible extraction of natural resources, such as water and raw materials,
necessary for agricultural production (Martinez-falc & Eduardo, 2024). The
conversion of raw materials into finished products, ensuring minimal waste
generation and efficient utilization of resources (Ghani et al., 2022). The efficient
movement of products from producers to consumers, minimizing transportation-
related emissions and optimizing logistics (Ramirez et al., 2022). Encouraging
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responsible consumption practices, such as reducing food waste and promoting
sustainable purchasing habits (Fukase & Martin, 2020). Proper waste management
practices, including recycling, composting, and responsible disposal to minimise
environmental impact (Huang et al., 2021).

6.4 Third Component — Digitalisation and Technology

The integration of IoT & Cloud Computing, Blockchain, and Al is the third
cornerstone of the proposed framework. This technological triad facilitates real-time
monitoring, visualization, and controlling; enhances administration and record-
keeping reliability; and improves inventory placement. Furthermore, it enables real-
time fraud and risk management, thus bolstering the supply chain's efficiency and
security.

Pal and Yasar, (2023) state that the benefits of incorporating [oT includes, better
management of information and aspects of the SCM system, such as improving the
overall efficiency. Utilizing IoT sensors and devices to collect real-time data on
various aspects of the supply chain, such as temperature, humidity, and product
quality (Agnusdei et al., 2022; Ayta¢ & Korgak, 2021; Kumar Kasera et al., 2024;
Mantravadi & Srai, 2022; Nagarajan et al., 2022; Ramirez et al., 2022). Cloud
computing enables the storage, analysis, and sharing of this data in real-time,
allowing stakeholders to make informed decisions (Karumanchi et al., 2022; Shreya
et al., 2023; Singh et al., 2022). A decentralised and secure digital ledger that ensures
transparency, traceability, and reliability of transactions and data throughout the
supply chain (Alshehri, 2023; de Carvalho et al., 2022; Saurabh & Dey, 2021). Al
algorithms can analyse vast amounts of data to optimise inventory management,
predict demand, personalise customer experiences, and detect and prevent fraudulent
activities (Akbari & Hopkins, 2022; Kumar Kasera et al., 2024; Mat Lazim et al.,
2020).

6.5 The Combination of the 3 Components in Supply Chain Performance

The synergy of the three components creates a robust supply chain capable of
exceptional performance. The Resilience Supply Network ensures continuity of
operations, the Circular Economy maximises resource efficiency, and Digitalisation
and Technology bring precision and intelligence to operations. Together, they form a
cohesive framework that can significantly elevate the standard of fresh markets'
supply chains.

The proposed framework represents a holistic approach to revamping the supply
chain operations of fresh markets in Malaysia. By incorporating resilience,
sustainability, and technological innovation, the framework is not just a response to
current challenges but a proactive step towards future-proofing the industry. Its
implementation could set a new benchmark for supply chain performance, with the
potential to resonate beyond the national context and influence global best practices
in fresh market supply chain management.

7 Conclusion
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In conclusion, the research presented in this study offers significant and valuable
insights into the existing practices and challenges related to inventory management
within the context of Malaysian fresh markets. The primary objective of the research
is to identify the key issues and propose a comprehensive framework that combines
resilient supply network principles, circular economy approaches, and digitalisation
and technology advancements to address these challenges. The implementation of
this framework has the potential to bring about significant positive impacts. It can
result in enhanced coordination and collaboration among market stakeholders,
leading to improved inventory management practices and reduced inefficiencies. The
principles of the circular economy, such as waste reduction and resource
optimization, can contribute to the sustainability and environmental friendliness of
fresh market operations. Additionally, the integration of digitalisation and technology
can enable real-time monitoring, data-driven decision-making, and improved supply
chain visibility.

8 Recommendations and suggestions for future research

Building upon the insights obtained from this study, it is recommended that future
research endeavors focus on addressing the identified gaps by exploring a broader
range of market environments throughout Malaysia. This entails investigating how
distinct regional practices and challenges can influence inventory management
strategies within fresh markets.

Moreover, there is a promising avenue for incorporating advanced technological
solutions, such as artificial intelligence (AI) and machine learning, into predictive
inventory management. By leveraging these technologies, the efficiency of the supply
chain can potentially be revolutionized. It would be beneficial to collaborate with
technology companies and government bodies to implement and test these solutions
in real-world settings. Such collaborative efforts can pave the way for significant
improvements in inventory management practices.

Furthermore, it is important to evaluate the proposed framework in future research
work. By conducting a comprehensive evaluation, the effectiveness and applicability
of the framework can be assessed, thus providing valuable insights for its refinement
and potential adoption in Malaysian fresh markets.
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