


A Study on Food Loss and Waste (FLW) and Its Environmental Impact at the Rural Market in Faridpur District, Bangladesh


ABSTRACT  
Food loss and waste (FLW) have emerged as a significant challenge to food security, environmental sustainability, and efficient retail operations in rural market centers. This study aimed to identify the key factors contributing to FLW in retail shops, assess its environmental consequences, and evaluate its operational impacts on retail businesses. This study employed a mixed-methods approach, combining quantitative surveys, focus group discussions, and a literature review to triangulate findings and strengthen the results. The study was conducted in the Faridpur district of Bangladesh, focusing on FLW dynamics at the retail level, particularly in vegetable and fruit markets. The findings indicate that food loss and waste (FLW) in retail shops is mainly driven by improper handling, limited knowledge, and low awareness among retailers. About 84.40% of vegetable retailers and 78.57% of fruit retailers reported losses due to poor handling and management. Climatic factors, such as high temperature, rainfall, humidity, and hot weather, were cited by 48.62% of vegetable and 37.61% of fruit retailers as key causes of deterioration. Environmental pollution was also significant, with 67.89% of vegetable and 32.14% of fruit retailers reporting foul odors from decomposed waste. Over 85% noted worsening market sanitation and environmental degradation. The study also identified inadequate storage facilities, poor transportation systems, pest infestation, and seasonal variations as major structural causes of FLW. Retailers generally demonstrated limited awareness regarding food waste management. The study concludes that strengthening supply chain management, improving storage and transportation infrastructure, and enhancing retailer awareness and training are essential to reduce FLW and support food and nutrition security in Bangladesh.
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1. INTRODUCTION
Food loss and waste (FLW) has become a major global challenge to food security, environmental sustainability, and economic efficiency. It is estimated that nearly one-third of all food produced for human consumption is lost and wasted along the food supply chain, from production and post-harvest handling to retail and consumption (Balan et al., 2023; Von et al., 2023). Food loss and waste (FLW) generally reduce the nutritional value, quality, and quantity of food available for human consumption (Ananno et al., 2021). Globally, approximately 30% of consumable food is lost along the supply chain due to multiple factors (Marimuthu et al., 2024). Food waste occurs at various stages of the food supply chain, including production, processing, distribution, retailing, consumption, and disposal (Adelodun et al., 2025; Ahmed et al., 2025; Ali et al., 2021). This process ultimately reduces the sustainability of natural ecosystems. FLW not only limits the amount of food available for human consumption but also increases the environmental burden on ecosystems (Gatto and Chepeliev, 2024). Reducing FLW can improve agricultural productivity and mitigate GHG emissions associated with feeding the global population. Notably, food loss and waste are responsible for 4.4 gigatons of GHG emissions annually, making FLW the third-largest source of global emissions (Agarwal et al., 2024; Golford et al., 2020).

FLW constitutes a significant misuse of natural resources, including land, water, energy, and labor, and substantially contributes to greenhouse gas (GHG) emissions (Guo et al., 2020). Food loss and waste account for 8% of global GHG emissions and waste land and water, underscoring the need for systemic solutions at the retail and consumer levels to reduce environmental burdens (Kohli et al., 2024; Carvalho et al., 2025). Recent global assessments indicate that food loss and waste collectively account for approximately 8–10% of total global GHG emissions, making FLW a critical yet often overlooked driver of climate change (UNEP, 2024; Aslam et al., 2024). Food loss and food waste occur at different stages of the food supply chain and are driven by distinct processes (Guarnieri et al., 2021; Heydari, 2024). Food loss generally refers to the reduction in the quantity or quality of food resulting from inefficiencies in production, post-harvest handling, storage, processing, and distribution. These losses are often linked to inadequate infrastructure, poor storage facilities, limited access to technology, and weak market systems, particularly in developing countries (Kunwar et al., 2024; Ahmed et al., 2025). Food loss encompasses the deterioration, spoilage, or reduction in quality of food before it reaches consumers. Such losses typically occur during the storage, processing, packaging, handling, and distribution stages of food retailing in local markets (Khanam et al., 2021). Vegetables and fruits spoil at the retail level, often due to poor handling practices, overstocking, and limited awareness of food-waste reduction strategies (Jahan, 2023; Rahman & Saha, 2023; Boliko, 2019). While food loss predominates the supply chain in low and middle-income countries, food waste at the retail stage is increasingly recognized as a growing concern in both urban and rural markets.
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Figure 1: Food Supply Chain

Sarker et al. (2022) examined sustainable food-waste recycling for the circular economy in developing countries, identifying FLW as a significant issue due to its high socioeconomic costs and links to waste management and climate change challenges (Roy et al., 2022; Ahmed and Kamruzzaman, 2025). Food loss and waste refer to the loss of biomass during the handling of food from farm to table. The annual per capita food waste at the consumer level was estimated to be 95–115 kg in developed countries and 6–11 kg in developing countries (Rahman et al., 2024). The increasing global demand for nutritious and essential food commodities has contributed to greater dietary diversity. However, inadequate post-harvest handling, storage, transportation, marketing, retailing, processing, distribution, and consumption practices have led to increased food waste across the food supply chain (Abbas et al., 2024; Basak, 2022). Food loss and waste are influenced by food quality, nutritional value, and fitness for consumption. FLW typically occurs at the retail and household consumption levels within the food value chain (Choudhury et al., 2024) estimated that approximately one-third of food produced globally is lost or wasted each year. The study investigated the extent of heavy metal contamination in widely consumed grapes, apples, oranges, bananas, and pomegranates from supermarkets in Dhaka, Bangladesh, using atomic absorption spectroscopy to assess the health risks to humans (Afrin et al., 2024).

The environmental impacts of vegetable and fruit waste in the market are critical to maintaining market conditions (Shakil et al., 2024). This includes inadequate transportation, handling, and storage facilities, an inappropriate damping strategy, and retailers' lack of awareness, which contribute to market environmental degradation and air and water pollution. Moreover, when food waste is disposed of in open dumps, it decomposes anaerobically, releasing methane, a greenhouse gas with a global warming potential far greater than that of carbon dioxide (Xue et al., 2024). These global challenges are particularly relevant for Bangladesh. The empirical studies estimate that between 20% and 30% of vegetables are lost or wasted along the supply chain, with substantial losses occurring during storage, transportation, and retail (Chowdhury et al., 2021; FAO, 2020). Fruits and vegetables are especially vulnerable due to their high perishability, inadequate cold storage facilities, poor packaging, and exposure to high temperatures and humidity (Makule et al., 2022). Rural markets play a critical role in Bangladesh’s food system, serving as key nodes linking farmers, traders, retailers, and consumers (Joshi et al., 2025; Waris, 2022). In districts such as Faridpur, rural markets are central to the distribution of fresh produce and provide livelihoods for many small-scale retail owners. The condition of market infrastructure, including storage facilities, drainage systems, and waste-disposal mechanisms, strongly influences food-handling practices and the extent of FLW (Kushitor et al., 2022; Hasan et al., 2025; Chakma et al., 2026). Despite the importance of rural retail markets, experiential research on FLW in Bangladesh has largely focused on the production and post-harvest stages, with relatively little attention to the retail level, particularly in rural settings (Akter et al., 2022). Another gap in the literature concerns retail owners' perceptions of the environmental impacts of food loss and waste (Aschemann et al., 2023; Haque et al., 2025). Retailers’ decisions related to purchasing quantities, storage, pricing, handling, and disposal practices can significantly influence the amount of food lost or wasted in markets (Alam et al., 2025; Shee et al., 2023). 

Food handlers also play an important role in maintaining food safety and preventing foodborne illnesses. In Bangladesh, conventional food safety research has mainly focused on the microbiological and chemical quality of food, whereas the role of food handlers has received comparatively limited attention (Al Banna et al., 2021). Food handlers working in restaurants, street food stalls, retail markets, food industries, and households vary widely in their socio-demographic characteristics, including gender, age, education, and income (Rahman et al., 2025; Siddiky et al., 2024). Studies indicate that the minimum level of food safety knowledge among food handlers is about 62.5%, while food safety practices remain poor in approximately 72.73% of cases (Rifat et al., 2022). Education, training, experience, and attitudes toward food handling are key factors influencing food safety knowledge and practices. Overall, food safety knowledge and practices among food handlers in Bangladesh remain unsatisfactory (Islam et al., 2023).

In rural Bangladesh, food loss and waste are influenced by a complex interaction of economic constraints, infrastructural limitations, social norms, and institutional arrangements. Factors such as price volatility, lack of cold storage facilities, inadequate waste management services, and consumer demand for visually fresh produce often force retailers to discard unsold or damaged food. Limited awareness of the environmental impacts of food waste (Naser, 2020) and the absence of incentives for waste reduction further discourage the adoption of improved waste management practices such as composting (Hossain et al., 2023). Despite increasing global attention to food loss and waste, empirical evidence on FLW at the retail level in rural Bangladesh remains limited. This study aims to address this gap by examining food loss and waste in retail shops in the Faridpur district. Specifically, it investigates the causes of FLW, its immediate impacts on the surrounding environment in rural market centers, and its consequences for retail shop operations.

2. MATERIALS AND METHODS 
2.1 Methodology
The study employed a mixed-methods approach to collect reliable information on food loss and waste (FLW) from retail shops in rural market centers. Primary data were collected using structured questionnaires, focus group discussions (FGDs), and direct observations to capture the causes and environmental impacts of food loss and waste (FLW) in retail shops. Descriptive narrative analyses were conducted to triangulate survey results and provide in-depth insights. Additionally, a literature review highlighted gaps in accurate quantitative data on FLW in rural markets, including the perishability of fruits and vegetables and factors contributing to FLW, and its environmental impacts. Secondary data from government reports and research publications complemented primary findings to validate the results. Quantitative survey respondents were selected through simple random sampling from 20 rural markets across four upazilas (Faridpur Sadar, Char Bhadrason, Sadarpur, and Boalmari) in Faridpur district, Bangladesh.

2.2 Sampling
This study uses both probability and non-probability sampling techniques. A stratified sampling method was first applied to identify high-FLW areas within the study locations. Within these selected market centers, respondents were randomly chosen to ensure representativeness of the population. A total of 196 respondents were surveyed, comprising 120 vegetable retailers and 76 fruit retailers, with sampling based on market size and the number of sellers. Additionally, six focus group discussions (FGDs) were conducted in six selected market centers to gather qualitative insights on the causes and environmental consequences of FLW. Vegetable and fruit retailers participated in FGDs, providing information on waste generation, management practices, and impacts on the surrounding environment. Direct observations were also conducted using a checklist to document waste handling, separation procedures, and any technologies employed by retailers to minimize FLW.

2.3 Data collection
Primary data were collected using a structured questionnaire following standard data collection procedures, which allowed for the collection of comprehensive and comparable information on food loss and waste. Data were gathered from vegetable and fruit retailers in rural market centers. The study included different varieties of fruits and vegetables with varying perishability and storage suitability. Accordingly, the seasonality of vegetables and fruits was prioritized to assess the causes of food loss and waste accurately. 

2.4 Data Analysis
Questionnaire data were coded and analyzed using SPSS to generate descriptive statistics, while Microsoft Excel was used for tabulation, frequency distributions, and visual presentation through tables, charts, and graphs. Qualitative data from FGDs and observations were thematically analyzed to complement and interpret the quantitative findings.


3. RESULTS AND DISCUSSION

3.1 RESPONSES DISTINGUISHED FROM RETAIL OWNERS ON VEGETABLE PERISHABILITY 
The study found that 66.06% of respondents reported that Cabbage (Brassica oleracea) perishability is higher than that of other varieties. Additionally, 63.30%, 62.39%, 50.46%, 47.71%, 44.95%, 44.04%, and 42.20% of respondents reported that the vegetable perishability is higher than the other vegetables of Cauliflower (Brassica oleracea), Ribbed gourd (Luffa acutagula), Leafy Vegetable (Amaranthus gangeticus), Potato (Solanum tuberosum), Radish (Raphanus sativus), Cucumber (Cucumis sativus), and Bitter gourd (Momordica charantia), respectively. On the other hand, 47.71% of respondents reported that the low perishability of carrots (Daucas carota) is lower than that of other vegetables. On the other hand, the study found that 64.29% of respondents reported that the banana (Musa sapientum) perishability is higher than that of other varieties of fruits, and 7.14% of respondents reported that Dates (Phoenix dactylifera) had lower perishability than that of other varieties of fruits. Additionally, 33.93%, 28.57%, and 25.00% of respondents reported that the fruit’s perishability is higher than that of the other fruits of Papaya (Carica papaya), Dragan (Selenicereus undatus), and Grapes (Citrus grandis), respectively. On the other hand, 69.64% of respondents reported that the low perishability of Guava (Psidium guajava) is lower than that of other fruits. 

Table 1: % of retailers reporting perishability of vegetables and fruits at the retail Level

	Name of Vegetable and Fruits
	Perishability (%)

	
	Vegetable
	Fruits

	
	High
	Medium
	Low
	High
	Medium
	Low

	Eggplant (Solanum melongena)
	20.18
	33.94
	45.87
	14.29
	39.29
	46.43

	Ribbed gourd (Luffa acutagula)
	62.39
	20.18
	17.43
	8.93
	17.86
	73.21

	Patato (Solanum tuberosum)
	47.71
	36.70
	15.60
	7.14
	17.86
	75.00

	Cucumber (Cucumis sativus)
	44.04
	38.53
	17.43
	25.00
	39.29
	35.71

	Cauliflower (Brassica oleracea)
	63.30
	17.43
	18.35
	12.50
	17.86
	69.64

	Cabbage (Brassica oleracea)
	66.06
	19.27
	14.68
	64.29
	21.43
	14.29

	Country Bean (Lablab purpureus)
	19.27
	33.94
	46.79
	12.50
	21.43
	66.07

	Sweet gourd (Cucurbita maxima)
	19.27
	45.87
	34.86
	33.93
	39.29
	26.79

	Radish (Raphanus sativus)
	44.95
	37.61
	17.43
	14.29
	44.64
	41.07

	Pointed gourd (Trichosanthes dioica)
	19.27
	44.04
	36.70
	19.64
	32.14
	48.21

	Bitter gourd (Momordica charantia)
	42.20
	39.45
	18.35
	28.57
	41.07
	30.36

	Carrot (Daucas carota)
	17.43
	34.86
	47.71
	16.07
	41.07
	42.86

	Leafy Vegetable (Amaranthus gangeticus)
	50.46
	32.11
	17.43
	11.93
	22.02
	66.06



The findings highlight that the perishability of vegetables and fruits is a key determinant of post-harvest losses and food waste within supply chains. Marketing functions, including transportation, storage, handling, washing, and selling, influence loss levels based on perishability. Highly perishable produce is particularly vulnerable. Therefore, prioritizing improved retail handling, efficient storage, and targeted marketing strategies is essential to minimize losses and maintain product quality for consumers.

3.2 FOOD LOSS AND WASTE SCENARIO IN THE SUPPLY CHAIN
The study found that during the production stage, 13.60% of food is lost, and 11.60% is wasted. FLW at this stage often arises from limited access to harvesting equipment, pesticides, fertilizers, farmer training, and extension services. Inappropriate harvesting methods and poor organization also contribute to delayed harvesting, resulting in increased losses. During the harvesting period, 15.30% of food was lost and 12.30% wasted due to inadequate handling practices within the supply chain. At the storage stage, 14.70% of food was lost and 10.70% wasted as a result of poor storage techniques and inadequate facilities. The study further found that in rural retail shops, 7.60% of food was lost and 5.60% wasted, primarily due to improper handling, poor marketing practices, and short-term storage limitations. Recent studies have found that approximately 15.96% of total food production is wasted annually, with 45% of this wasted food representing a substantial loss of natural resources such as water and energy (Ananno et al., 2021). Given that food contributes 16.7–20% of the global economy, reducing food waste can generate considerable economic and environmental benefits (Huang et al., 2020). In Bangladesh, per capita food waste is estimated at 65 kg annually (Sarker et al., 2022), highlighting the need for improved waste management strategies. Additionally, FLW distribution shows higher prevalence in developed countries (56%) compared to developing countries (44%) (Marimuthu et al., 2024). The findings indicate that food waste remains a significant global challenge affecting economic and environmental sustainability. 

Figure 2: Bar graph showing percentage of retail owners reporting the FLW  scenario in the food supply chain.


3.3 POSSIBLE FACTORS CAUSING FOOD LOSS AT THE RETAIL SHOP
The study found that 81.65% of vegetable retailers and 71.43% of fruit retailers reported losses during the storage stage of the food supply chain. Similarly, 92.66% of vegetable retailers and 75.00% of fruit retailers experienced losses due to poor transportation. Lack of proper handling was also a major factor, as 84.40% of vegetable and 78.57% of fruit retailers noted that improper handling during retailing contributed to losses. Despite these factors, 37.61% of vegetable and 51.79% of fruit retailers attributed losses to their limited knowledge of food loss and waste management. Environmental conditions such as temperature, humidity, rainfall, and extreme weather were reported by 48.62% of vegetable and 37.61% of fruit retailers as causes of loss. Additionally, 3.67% of vegetable retailers and 3.57% of fruit retailers indicated that losses occurred during processing, while poor packaging contributed to losses for 11.93% of vegetables and 8.93% of fruits.
Figure 3: Bar graph showing percentage of Retail Owners (Respondents) Reporting Factors Contributing to Food Loss in Retail Shops 


These findings underscore the need for improved storage, transportation, handling practices, and retailer awareness to reduce losses. Improper handling and processing were the main causes of fruit and vegetable losses, accounting for over half of total losses (Lingkon et al., 2025; Ambuko et al., 2025).  Retailers showed moderate awareness of FLW, with most respondents aware of food loss and food waste. Major factors influencing FLW included poor packaging, transportation problems, infrastructure limitations, and improper handling. The findings highlight that storage, transportation, handling practices, retailer awareness, environmental conditions, processing, and packaging deficiencies are major contributors to fruit and vegetable food loss and waste.

3.4 POSSIBLE FACTORS CAUSING FOOD WASTE IN THE RETAIL SHOP
The study found that 60.06% of vegetable retailers and 64.29% of fruit retailers identified poor transportation as a major cause of waste in the food supply chain. Similarly, 68.81% of vegetable retailers and 60.71% of fruit retailers reported that the absence of waste containers at retail shops contributed to increased waste. Inadequate storage was another important factor, with 47.79% of vegetable retailers and 78.57% of fruit retailers indicating that surplus produce was wasted due to poor storage practices. Biological factors were also highlighted, as 77.98% of vegetable retailers and 98.21% of fruit retailers reported losses from disease contamination and insect attacks. Retailer awareness played a significant role, with 68.81% of vegetable retailers and 51.79% of fruit retailers attributing waste to insufficient knowledge and awareness of proper food management practices. About 44.04% of vegetable retailers and 42.86% of fruit retailers cited unexpected weather events, including temperature fluctuations, heavy rainfall, humidity, and extreme heat, as contributing factors. Furthermore, 16.51% of vegetable retailers and 54.13% of fruit retailers identified poor handling practices, while 55.36% of vegetable retailers and 46.43% of fruit retailers cited unhygienic practices as causes of retail-level waste. Finally, 52.29% of vegetable retailers and 17.86% of fruit retailers admitted to using chemicals during retail operations, posing significant health concerns for consumers. Figure 4: Bar graph showing percentage of retail owners reporting causes of food waste in shops



These findings highlight the complex drivers of food waste at the retail level, emphasizing the need for improved transportation, storage facilities, handling practices, and awareness programs for safe food management (Begum et al., 2025). Previous research shows that retail food wastage occurs across the entire supply chain, leading to financial losses and depletion of natural resources. Fruits and vegetables are the main contributors to retail waste, accounting for a substantial share of total produce loss (Haider and Choubey, 2025). Overall, food waste occurs at multiple stages of the supply chain, including harvesting, processing, distribution, retailing, and consumption.

3.5 RETAILER STRATEGIES TO REDUCE FOOD LOSS AND WASTE
Reducing food loss and waste (FLW) at the retail level is widely recognized as essential for improving food security, nutrition, and environmental sustainability. Improving marketing and operational practices is considered the most effective approach to minimizing waste in retail shops. However, retail owners in Bangladesh have implemented only limited strategies to address vegetable and fruit losses. In this study, fruit and vegetable retailers were surveyed about strategies to reduce FLW. Results showed that 77.06% of vegetable retailers and 85.71% of fruit retailers separated produce showing signs of spoilage, while 35.78% of vegetable and 71.43% of fruit retailers used bins for segregating wasted produce. Only 13.76% of vegetable retailers and 10.71% of fruit retailers sprayed clean water to maintain freshness, and 8.26% of vegetable sellers and 14.29% of fruit sellers applied hygiene practices to minimize waste. Despite these measures, 77.98% of vegetable retailers and 80.36% of fruit retailers admitted to selling lower-quality or damaged produce at reduced prices. Figure 5: Bar graph showing percentage of vegetable and fruit retailers’ strategies for reducing FLW at retail shops


Focus group discussions indicated that climatic conditions, discoloration, irregular shapes, and unpleasant odors reduce produce market value. Bi et al. (2023) emphasized effective supply chain management, marketing strategies, and intermediaries to reduce losses. Huang et al. (2021) reported that improved retail and consumer practices can reduce waste by 20%. Islam et al. (2024) found that formal education improves vendors’ hygiene and safety knowledge, highlighting the need for integrated retail management and training. These findings highlight the importance of integrated retail management, proper handling, hygiene practices, and regular food safety training to minimize FLW and improve market profitability.

3.6 WASTED FOOD DAMPING STRATEGY BY THE RETAIL OWNERS
Retail owners implemented various measures to manage vegetable and fruit waste. The study found that 74.31% of vegetable retailers and 68.79% of fruit retailers disposed of waste into nearby drains. Additionally, 38.72% of vegetable and 26.07% of fruit retailers discarded waste into water, while 64.22% of vegetable and 54.93% of fruit retailers dumped waste on nearby roads. About 73.39% of vegetable sellers and 69.64% of fruit sellers mixed unsold or waste items with fresh produce to reduce immediate business losses. Focus group discussions and observations indicated that such practices negatively affected market hygiene, air and water quality, and overall market environment.







Figure 6: Bar graph showing percentage of vegetable and fruit retailers’ damping strategies to reduce FLW retail level


3.7 ENVIRONMENTAL IMPACT OF FOOD LOSS AND WASTE (FLW)
The study found that 67.89% of vegetable retailers and 32.14% of fruit retailers reported that air pollution in the food retail chain was caused by vegetable and fruit waste. Similarly, 40.37% and 48.21% of vegetable and fruit retailers reported water pollution caused by food waste in the market centers. Furthermore, 84.40% and 78.57% of vegetable and fruit retailers confirmed that waste odors reduced market quality, and 90.83% and 85.17% of vegetable and fruit retailers reported severe deterioration of the market environment due to food loss and waste (FLW). Health risks were also reported, as 29.36%, 16.51%, and 13.76% of vegetable retailers noted human diseases, infected animals, and plant infections caused by wasted vegetables, while 17.86%, 16.07%, and 14.29% of fruit retailers reported similar consequences. Focus group discussions (FGDs) and observations revealed that retailers often discard wasted food throughout the market, negatively affecting water, air, land, and other natural resources. 

Figure 7: Bar graph showing percentage of retail owners reporting environmental impacts of FLW at market centers


Food loss and waste significantly contribute to environmental degradation and climate change through greenhouse gas emissions and excessive resource consumption. Reducing FLW across production, post-harvest, and retail stages can lower food system emissions by approximately 7.8%. Retail and consumer stages account for nearly 30% of fruit and vegetable waste, representing about 27.2% of emissions from the fresh produce supply chain (Gage et al., 2024). Globally, food waste consumes 173–250 km³ of water annually and utilizes about one-fifth of cropland, contributing to biodiversity loss, deforestation, and ecosystem degradation. Around 19% of global food production is wasted, generating methane emissions from landfill disposal (Gupta et al., 2020). Evidence suggests that substantial greenhouse gas reductions, potentially up to 75%, can be achieved without reducing food supply if efficient food management and sustainable production practices are implemented (Islam et al., 2021). These findings highlight the environmental importance of FLW reduction strategies.

3.8 BENEFITS OF REDUCING FOOD WASTE AT THE RETAIL LEVELS
Retailers reported several benefits of minimizing food waste in their shops. The study found that 88.93% of vegetable retailers and 87.50% of fruit retailers experienced increased business when food waste was properly managed. Improvements in the market environment were noted by 51.38% of vegetable and 37.50% of fruit retailers. Proper waste management also reduced environmental pollution in market centers, as reported by 66.97% of vegetable and 75.93% of fruit retailers. About 61.47% of vegetable and 39.29% of fruit retailers observed an increase in customers, while 61.68% and 75.00%, respectively, reported that customers received higher-quality products due to effective waste management. The findings indicate that effective management of fruit and vegetable waste can provide both environmental and economic benefits. In Bangladesh, around 10.62 million tons of food are wasted annually, creating a serious sustainability challenge if not properly managed (Sarker et al., 2022). Food waste accounts for a major share of municipal solid waste, ranging from 68.3% to 81.1%, and is generated through agricultural production, distribution, household consumption, and social activities. Significant losses occur across the supply chain, including harvesting, transportation, and retail stages. Previous studies also reveal policy and management gaps in food waste control. Therefore, reducing FLW can improve economic efficiency and promote environmental sustainability, as food waste contributes significantly to global resource loss (Ananno et al., 2021).
Figure 8: Bar graph showing percentage of retail owners reporting benefits of reducing food waste at the retail level



CONCLUSION
The study was conducted to investigate food loss and waste (FLW) at retail shops and its environmental impacts in the Faridpur district of Bangladesh. The study aimed to identify the causes of FLW in rural market centers, assess its environmental consequences, and evaluate its effects on retail operations. The findings highlight the substantial challenges associated with FLW in rural retail markets, particularly in the fresh produce sector. Vegetable and fruit perishability were identified as a critical factor influencing losses, with highly perishable items such as cabbage, banana, and certain leafy vegetables experiencing greater spoilage than others. Post-harvest handling, storage, transportation, and marketing practices further contributed to these losses, emphasizing the need for tailored strategies to address perishability at each stage of the supply chain. The study reveals that food loss and waste at the retail level is driven by poor transportation, inadequate storage, improper handling, and limited awareness, with up to 92.66% of vegetable and 98.21% of fruit retailers reporting key contributing factors. Biological factors, such as disease contamination and insect infestation, along with environmental conditions including temperature fluctuations, humidity, and unexpected weather changes, also contributed to food waste. Retailers’ waste management strategies were found to be limited, mainly involving the separation of spoiled produce, the use of waste bins, or the selling of damaged products at reduced prices. Alarmingly, a significant portion of waste was disposed of in drains, roadsides, or mixed with fresh produce, reflecting poor environmental practices that negatively affect air, water, and soil quality. The environmental impacts of FLW were considerable, as retailers reported air and water pollution, unpleasant odors, and deterioration of market hygiene. Health risks associated with spoiled produce, including human diseases and infections among animals and plants, were also observed. These findings highlight the ecological consequences of inefficient food management and the urgent need for sustainable waste handling practices. Conversely, reducing FLW at the retail level offers clear environmental and economic benefits. Effective waste management improved market hygiene, reduced pollution, and enhanced business performance. Reducing food waste improved customer satisfaction, product quality, and business performance, benefiting 88.93% vegetable and 87.50% fruit retailers. In conclusion, addressing FLW in Bangladesh’s rural retail sector requires integrated strategies focusing on perishability management, improved storage and transportation systems, and increased retailer awareness. Policymakers, local authorities, and market stakeholders should prioritize training, infrastructure development, and environmental regulation to reduce FLW and promote sustainable food systems.

RECOMMENDATIONS
· Low-cost sustainable technologies, such as waste bins and freshwater sprays on fruits and vegetables, can help minimize food loss and waste.
· Proper sales planning, first-in–first-out strategies, maintaining hygiene during selling, appropriate packaging, and cool storage solutions can reduce overall food loss and waste.
· Vegetable and fruit waste is biodegradable and can be used to produce compost fertilizer. Proper collection of waste from retail shops and compost preparation benefits both the environment and creates economic opportunities.
· Increasing the knowledge of vegetable and fruit retailers on FLW minimization techniques and the benefits of reducing FLW can enhance food and nutritional security for the population.

LIMITATIONS OF THE STUDY
This study was conducted in selected rural markets of Faridpur district; therefore, the findings may not be fully generalizable to other regions. The cross-sectional design and reliance on self-reported data may introduce recall and response bias. Seasonal variations in food loss and waste were not fully captured. Additionally, time, resource, and accessibility constraints restricted the sample size and the inclusion of remote island communities.
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