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Abstract

Food waste (FW) constitutes a significant portion of municipal solid waste (MSW), and its proper
treatment has become a pressing issue owing to its increasing generation. Current FW treatment
methods present various challenges and environmental concerns. This study aimed to assess the
quantity and composition of food waste from commercial and institutional sources in Malumfashi town,
Katsina State, Nigeria. This study used a case study research design incorporating a survey method. A
purposive sampling technique was used to select six sampling points (one student hostel and five
restaurants). Food waste was quantified using the FUSION method. FW was collected daily for 7 days,
resulting in a cumulative weight of 264.7 kg. Among the different sources, the student hostel had the
highest daily waste generation of 86.7 kg, followed by IBC restaurant (52.4 kg), Sahaf restaurant (38.4
kg), Mima restaurant (31.5 kg), Dan Sadi restaurant (28.2 kg), and Mama Ojo restaurant (27.5 kg).
Among the wasted food items, fruits and vegetables accounted for 35% of the total waste, followed by
cereals (32%), and roots and tubers (30%). This study provides baseline data for targeted interventions
in sub-Saharan African towns. Based on these findings, this study recommends promoting the use of
sustainable waste management technologies to improve food waste management, enhance
environmental sustainability, and support economic development.
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INTRODUCTION

The world is facing numerous pressing issues that require immediate attention to ensure the
long-term sustainability of humanity. These issues include the generation and management
of food waste, the repercussions of greenhouse gas emissions, dwindling fossil fuel reserves,
and the challenge of ensuring food security. Food waste is a major social problem that
contributes to the overutilization of natural resources, affecting economic progress and
environmental sustainability (Iranmanesh et al., 2020). Food waste occurs at all stages of the
food supply chain, including production, transportation, processing, and consumption
(Busetti & Pace, 2022). It is estimated that one-third of all food produced globally goes to
waste, equivalent to approximately 1.6 billion tons, including inedible parts. However, the
total food wastage for the edible part of this amount to 1.3 billion tonnes (FAO 2013). In high-
income countries, most food waste occurs at the retail and consumption stages because of
high-quality standards, overproduction, oversupply, overbuying, and confusion over date
labels (Hermanussen et al., 2022). The United Nations (UN) Food Waste Index Report
indicates that on average, 79 kg of food is wasted per capita in high-income countries (UNEP,
2021). However, Machate (2021) argued that, on average, sub-Saharan Africa and South Asia
generate 145 kg of food waste per capita per year compared with 290 kg in Europe and North
America. Food waste generation ranges from 0.06 to 0.18 kg per person per day in developing
countries (Machate, 2021). According to the World Bank (2020), Nigeria produces
approximately 22 million tonnes of food waste that is usually disposed of in landfills (open
dumping).

Despite increasing research on food waste in Nigeria, particularly in southern cities and
university campuses (Ufua, 2025; Kolawole, 2024), there remains limited empirical data on
food waste generation from commercial and institutional sources in smaller northern towns
such as Malumfashi, Katsina State. This gap is significant because Northern Nigeria has
distinct dietary patterns (heavy reliance on cereals, roots/tubers, and vegetables) and
institutional food service models that are poorly represented in existing studies. Recent
regional work (Mashi et al., 2025) confirms that waste management data and policies in
Katsina and similar states remain underdeveloped. The UNEP Food Waste Index Report 2024
further emphasises the need for sub-national and sector-specific measurement in low- and
middle-income countries.

Food waste negatively affects the environment, biodiversity, and natural resources and has
an increasing economic and social impact. When food waste decomposes in landfills, it
releases methane, a potent GHG with a significantly higher warming potential than carbon
dioxide (To et al., 2019). According to the FAO, the total carbon footprint of food waste is
approximately 4.4 Gt CO2 eq per year (FAO, 2015). Food waste alone is estimated to
contribute to greenhouse gas emissions by accumulating approximately 3.3 billion tonnes of
CO2 equivalent in the atmosphere each year (Paritosh 2017). Similarly, Jain et al. (2018)
reported that food waste contributes to GHG emissions, accounting for 8% of the total
anthropogenic GHG emissions. These undeniably have a significant impact on the
environment and human health (Oves et al. 2017; Ukaogo et al. 2020; Ozbay et al. 2021).
The overall aim of this study was to quantify and characterize food waste from commercial
and institutional sources in Malumfashi town, Katsina State, Nigeria. The specific objectives
were:
1. To quantify the daily and weekly cumulative quantities of food waste generated at
selected commercial (restaurants) and institutional (student hostel) sources.
2. To determine the physical composition of the food waste stream by major categories
(cereals, roots and tubers, fruits and vegetables, and meat and fish).
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To achieve these objectives, the study addressed the following research questions:
1. What are the daily baseline weights and weekly cumulative masses of food waste at
the designated commercial and institutional nodes in Malumfashi?
2. Which material categories dominate the physical composition of the food waste
stream?
Therefore, this study attempts to assess the quantity and composition of food waste from
commercial and institutional sources.

MATERIALS AND METHODS

Study Area
Location, Size, and Population Dynamics
Malumfashi is a major town and Local Government Area (LGA) in Katsina State, Nigeria,
located approximately 150 km south of Katsina City. It is bounded by latitudes 11°44'N and
11°48'N, and longitudes 7°34'E and 7°38'E. It spans a total geographic land area of
approximately 6742 (Gambo & Tasi u, 2020).
To ensure statistical reliability for baseline context and any subsequent per capita
interpretation, the historical demographic footprint must be mathematically updated to
mirror modern conditions. At the last official national census, the area recorded a total
population of 182,920 with an absolute population density 271 persons km? (National
Population Commission [NPC], 2006). The NPC applies an annual exponential population
growth rate of 3.0% for Katsina State (NPC, 2026). Applying the standard geometric projection
formula:

P, = Py(1+71)t

Where:
o P = Baseline population from census (182,920)
e r= Annual growth rate (0.03)
e t=Time horizon in years elapsed since census (2026 - 2006 = 20years)
The projected population of Malumfashi LGA in 2026 is calculated as:
Pyo26 = 182,920(1 + 0.03)°
Py026 = 182,920 X 1.806111
= 330,734

This demographic expansion shifts the structural human density of the study domain from its
historical baseline to a contemporary density of approximately 490 persons/km?2 in 2026. This
significant urbanization surge directly expands localized commercial activity, food supply
chain intensity, and municipal organic waste throughput.
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Figure. 1: Map of the Study Area showing Sampling Locations
Source: Adopted from the Administrative Map of Katsina State, 2021

Procedure for Sampling

Sample and Sampling Technique

A purposive sampling technique was employed, allowing the researcher to selectively choose
the elements of the investigation based on specific characteristics relevant to the investigation
(Palinkas et al., 2015).

Purposive sampling was used because the study sought to target specific high-volume food
waste generators (one student hostel and five active restaurants) that were most relevant to
the research objectives of quantifying and characterizing commercial and institutional food
waste in Malumfashi. This approach allowed selection of information-rich cases that could
provide in-depth understanding of waste generation patterns at key nodes. As a non-
probability sampling technique, purposive sampling does not minimize statistical sampling
error and inherently limits the statistical generalizability of findings to the broader population
of food service establishments in the town or region.

This sampling technique was chosen because of its suitability for achieving the research
objectives, as it offers simplicity and minimizes sampling errors. The sample for this study
comprised student hostels from the College of Nursing and Midwifery, along with (five)
restaurants operating at standard capacity in Malumfashi, where the food waste samples were
collected.

Using the case study design and purposive sampling technique, this research design and
sampling approach were carefully selected to enhance the depth of investigation and ensure

the inclusion of relevant subjects for a comprehensive analysis of the research problem at
hand.
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Sample Collection

This study adopted an adapted version of the FUSION food waste quantification
methodology (Tostivint et al., 2016). Food waste was collected directly at source from the
selected establishments. Labelled polyethylene bags were provided to each sampling point
and placed separately from general municipal waste to prevent mixing or removal by waste
haulers. Researcher collected the bags daily between 7:00-8:00 am over seven consecutive
days (12-18 April 2023).

Upon collection, all visible non-food items (such as packaging, plastics, and paper) were
manually removed before weighing. Only materials confirmed as food waste through visual
inspection were retained for analysis. No formal separation between plate waste (post-
consumer leftovers) and preparation waste (peels, trimmings, spoilage during cooking) was
conducted, as the primary objective was to quantify total food waste generation and
composition at source. All retained food waste was then sorted into four categories adapted
from Latif (2021): cereals, roots and tubers, fruits and vegetables, and meat and fish. Each
category was weighed separately using a calibrated digital scale. Sorting was performed
within a few hours of collection, and the samples were categorized as follows:

Table 1: Food Waste Categorization
SN Category 1 Category 2 Category 3 Category 4

1 Cereal Root and tuber Vegetable and Fruits Meat and fish
Source: Adapted from Latif (2021)

Descriptive statistics (totals and percentages) were employed to calculate daily food waste
generation per sampling point and per food waste category after sorting at each sampling
point. The total weight of food waste for each category was divided by the overall total weight
(264.7 kg) and multiplied by 100 to obtain the percentage contribution of each food waste
category. All calculations were performed using Microsoft Excel 2021.

RESULT AND DISCUSSION
To show the quantity of food waste generated in the study area, the data obtained were
analyzed and presented in Tablel and Figure 1

Table 2 Daily Quantity of Food Waste Generated

Days Quantity generated(kg) Percentage %
Day 1 40.5 15.30%

Day 2 38.5 14.50%

Day 3 314 11.90%

Day 4 41.8 15.80%

Day 5 414 15.70%

Day 6 33.2 12.50%

Day 7 37.9 14.30%

Total 264.7 100.00%

Source: Field survey 2023

Table 1 shows the daily waste generation from the sampling points in the study area over a
period of 7 days. It can be observed that the cumulative food waste generation over one week
was approximately 264.7 kg.
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Table 3: Quantity of food waste from the sampling points

Days School of Mima Sahaf IBC Dan Sadi Mama Ojo
Midwifery

1 13 4 6 8 6 3.5

2 11 4.2 5.6 7.3 3.7 6.7

3 7 3.9 5.3 8.1 3.1 4

4 12 44 6.1 10 4 53

5 20 5 4.8 5.8 29 29

6 10 4.7 4.6 6.2 4 3.7

7 13.7 53 6 7 3.8 21

Total 86.7 kg 31.5kg 38.4 kg 524 kg 27.5kg 28.2 kg

Average 124 kg 51kg 54kg 74kg 4kg 4kg

Grand Total 264.7 kg

Grand average 38kg

Source: Field survey, 2023

The table displays the food waste generated per sampling point, indicating that the student
hostels have the highest food waste generation rate with an average daily generation of 12.4
kg, followed by IBC with 7 kg, Sahaf with 5.4 kg, and Mima with 5.1 kg, while Dan Sadi and
Mama Ojo have an average daily food waste generation of 4 kg each. The grand average waste
generation in the study area was 38 kg.

Food Waste Composition
Table 4: Food Waste Composition

Food Waste Category Quantity (kg) Percentage
Cereals 84.7 32%

Root and tuber 794 30%

Fruits and vegetables 92.7 35%

Fish and meat 7.9 3%

Total 264.7 100%

Source: Fieldwork 2023

From the table, it is evident that fruits and vegetables have the highest quantity of food waste
by weight generated in the study area, with 92.7 kg representing 35%, followed by cereals
weighing 84.7 kg representing 32% of the total food waste generation; roots and tubers have
79.4 kg representing 30% of the total food waste generated, while meat and fish recorded the
lowest quantity with 7.9 kg representing only 3% of the total waste generated. Cereals contain
leftovers of cooked food, including rice, pasta, noodles, couscous, and swallow (tuwo),
whereas roots and tubers comprise yam peels, Irish potato peels, and sweet potato peels. Fruit
and vegetable waste contains cuttings of onions, cabbage leaves, spinach stalks, melon peels,
banana peels, plantain peels, orange peels, cucumber peels, tomatoes, peppers, and ogu stalks.
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Food Waste Composition

35%

= Cereal ®Roots and Tubers = Fruits and vegetables = Fish and Meat

Figure 2: Food waste composition in (%)
Source: Authors computation, 2023

Meat and fish mainly contain bones and eggshells. These findings agree with those of Aires
et al. (2021), who reported that vegetables were the most wasted, with waste generation rates
of 25.3% and 27.9%, respectively. These findings are consistent with those of Li et al. (2021),
who reported that the food waste generated in the study areas included vegetables, food
pasta, maize, snacks, coarse grains, beef, rice, poultry meat, beans, and fruits.

DISCUSSION

The primary finding of this study is that commercial and institutional food service
establishments in Malumfashi generate substantial quantities of food waste, with a clear
dominance from the institutional student hostel and a waste stream heavily composed of
plant-based materials. Over the seven-day period, 264.7 kg of food waste was recorded, with
the student hostel at the College of Nursing and Midwifery contributing the largest share (86.7
kg). Fruits and vegetables were the leading fraction (35%), followed by cereals (32%) and roots
and tubers (30%).

These results align with recent studies on institutional and commercial food waste in
developing contexts. Lefadola et al. (2025) reported similar high volumes of perishable waste
in South African university food service operations, attributing it to inefficiencies in
procurement and preparation. Duran-Sandoval et al. (2024) likewise documented significant
preparation-related losses in Chilean higher education cafeterias. In commercial settings,
Saeteros-Herndndez et al. (2025) and Etuah et al. (2023) observed comparable patterns of high
fruit and vegetable waste in restaurant operations in Ecuador and Ghana. The very low meat
and fish fraction (3%) in the present study further supports the interpretation that most waste
in Malumfashi occurs during food preparation rather than consumption.

The findings are significant because they provide much-needed empirical baseline data from
a secondary urban centre in Northern Nigeria, a region where food waste documentation
remains limited. The concentration of waste at the institutional hostel and the absence of any
formal waste management system at all study sites highlight clear opportunities for practical,
low-cost interventions such as on-site composting and source segregation.
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This study has several limitations. The seven-day sampling period in April 2023 may not
represent seasonal variations. Purposive sampling and the small number of sites limit
generalisability. Additionally, the lack of operational data (e.g., number of students or meals
served) prevented normalization of waste quantities, and no distinction was made between
avoidable and unavoidable waste fractions.

Despite these limitations, the study makes a meaningful contribution by offering the first
known quantitative characterisation of food waste from both commercial and institutional
sources in Malumfashi, thereby extending the predominantly southern Nigeria-focused
literature.

CONCLUSION
This study set out to quantify and characterise food waste from selected commercial and
institutional sources in Malumfashi, Katsina State, Nigeria.

Key findings show that 264.7 kg of food waste was generated over seven days, with the
student hostel as the dominant source (86.7 kg) and fruits and vegetables as the leading
fraction (35%). The waste stream was overwhelmingly organic and preparation-oriented, with
virtually no formal waste management practices observed at any study site.

These results have important practical implications. The high volume of compostable fruits
and vegetable waste combined with the concentration at the institutional hostel suggests that
on-site composting or small-scale anaerobic digestion at the College of Nursing and
Midwifery would be a feasible and impactful starting point. Similar low-cost segregation and
collection systems could be introduced at the participating restaurants.

The study was limited by its short duration, purposive sampling, and lack of operational data
for normalisation. Future research should extend sampling across seasons, include more sites,
and incorporate meal volume data to better understand waste intensity and drivers.

Overall, this research provides essential baseline evidence that can inform context-specific
food waste reduction strategies in secondary towns of Northern Nigeria, contributing to more
sustainable waste management and resource recovery in the region.
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