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Abstract

Household food waste remains a huge challenge for solid waste management in munic-
ipalities worldwide, especially in the Global South. Existing studies that measure food
waste (FW) in cities are scarce, have limited geographic scope, and have limited timeframes.
In that direction, the current investigation provides data on the FW composition of nine
regions of the municipality of Rio de Janeiro (Brazil), based on a three-year sampling
across 155 neighborhoods. Waste samples were collected from 2021 to 2023. In total, about
24,038 kg (fresh weight) was analyzed. Results showed that FW accounts for an average
of 47.7 ± 1.9% of household waste in the study period. The FW composition in the city
of Rio de Janeiro ranged from 60.3–76.5% for fruits, vegetables, and salads, 15.0–25.1%
for fine aggregate (small-sized food residues < 2.54 cm, like rice, beans, grains, and frag-
mented food particles), and 3.2–5.8% for proteins (discarded animal-based protein foods
like chicken and meat). The chi-square goodness-of-fit test was applied to evaluate whether
the FW composition in each of the nine regions differed from the mean FW composition of
the Rio de Janeiro municipality. The findings revealed statistically significant differences
(p-value < 0.05) in the average FW fractions in specific regions and years compared with
the city’s average composition. Thus, one of the key takeaways of this investigation was
that the percentages of discharged food waste fractions vary over time and across locations,
even within the same municipality. The present research took a first step toward under-
standing the food waste problem in Rio de Janeiro (Brazil) and underscores the importance
of monitoring food waste data to guide the development of locally specific strategies for
sustainable urban food systems, including waste prevention, recycling, and food recovery.
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1. Introduction
Food waste (FW) is a global issue, with about 1.3 billion metric tons of edible food dis-

carded every year, of which 19% occurs at the post-harvest stage and 60% at the household
level. On average, households generate approximately 55 kg of FW per person per year
worldwide, corresponding to economic losses of nearly 1 trillion USD annually [1]. As a
definition which varies widely across cities and countries, FW refers explicitly to discarding
food intended for human consumption that occurs between the retail and consumer stages.
It comprises any raw or cooked substance that is discarded or intended or required to be
discarded [1,2].

FW is the leading source of organic waste in urban areas, especially in developing
economies localized in the Global South. Globally, organic fraction comprises 44% of
total municipal solid waste, rising to 50% in low- and middle-income countries [3]. Cities
grapple with substantial daily quantities of FW, which are often disposed of in dumpsites
and landfills [4,5]. This scenario intensifies social inequalities and results in economic and
environmental burdens [6,7].

At the 28th Conference of the Parties (COP 28) in Dubai, 159 world leaders came
together to officially support the Declaration on Sustainable Agriculture, Resilient Food
Systems, and Climate Action. This endorsement underscores the critical need to evolve
food systems toward sustainability as a strategic response to the challenges posed by
climate change [8]. The declaration articulates a commitment to fostering sustainable
practices in production and consumption, emphasizing the reduction in food loss and
waste management as a relevant topic to this effort [8,9].

Waste minimization and FW valorization align with Sustainable Development Goals
(SDGs), including SDG 2 (zero hunger), SDG 7 (affordable and clean energy), SDG 11
(sustainable cities and communities), SDG 12 (responsible consumption and production),
and SDG 13 (climate action) [4,10]. To effectively minimize and/or valorize organic fraction
of solid waste, it is imperative to implement circular strategies that prioritize managing
FW through prevention or repurposing it as a valuable resource for energy and value-
added materials [11–14]. To this end, quantitative and qualitative information on FW is
fundamental to the definition of local strategies and oriented policies.

However, despite the urgent need to address this issue, most cities do not even measure
the total amount of food wasted. There is a lack of primary data-based studies, leaving both
the public and private sectors unaware of the true scale of the problem [15,16]. Another
limitation is that many studies measuring FW are small-scale, with limited geographic
areas and restricted timeframes, which impede the observation of eventual changes over
time [17].

Among the existing studies on qualitative and quantitative analyses of FW, Edjabou
et al. [18] evaluated 12 metric tons of residual Danish food waste collected from 1474 house-
holds without source segregation of the organic fraction. The results showed that the FW
generation rate was 183 ± 10 kg per household per year. Avoidable food waste accounted
for about 57% of this amount. This study also showed that the mass of avoidable food waste
per resident increases with household size; however, the mass per person did not differ
among residence sizes [18]. In another research, an FW gravimetric analysis was conducted
with 100 single-family households in London, Ontario, Canada, during the first wave of
the COVID-19 pandemic (June 2020). It was observed that sample households sent 2.81 kg
of FW to landfills per week, with approximately 52% of this waste being edible food.
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Beyond estimating the amount of food waste and loss, it is also relevant to identify
the components of FW to inform the design of effective prevention strategies. By analyzing
the organic fraction of household waste, cities can identify the primary categories of food
waste and gain insights into waste generation patterns and their leading causes, aiming to
develop best practices and targeted policies [19].

In this context, the current research analyzes the gravimetric composition of food
waste from nine regions of the municipality of Rio de Janeiro, Brazil, covering the period
from February 2021 to December 2023. Therefore, this study aimed to: (i) quantify the
share of FW in household waste in the municipality of Rio de Janeiro; (ii) characterize the
composition of FW into six food categories; and (iii) assess whether FW composition differs
between regions and over the period 2021–2023. Although gravimetric characterization
studies of household solid waste have previously been conducted in several Brazilian
municipalities, these investigations have generally been limited to single campaigns, short
monitoring periods, or restricted geographic areas [20–22]. To the best of our knowledge,
this is the first study in Brazil to conduct a gravimetric analysis of FW using compositional
analysis with a large sample size (155 neighborhoods) and an extended observation period
(three years). As an initial evaluation, this study takes a first step toward understanding the
FW issue in Rio de Janeiro (Brazil). It may contribute to the development of context-specific
strategies on waste management and food waste recovery to support decision-making in
cities facing similar challenges.

2. Materials and Methods
2.1. Case Study

Rio de Janeiro is the second-largest city in Brazil, with a total population of 6,211,223 in-
habitants in 2022. It has a unique and complex geographical landscape, shaped by moun-
tains and the sea, where urbanization has transformed parts of the natural landscape in the
metropolitan area. The entire population resides in urban areas, covering a total area of
1200.329 km2 [23].

Rio de Janeiro is divided into four Zones—Central, South, North, and West—based on
their location relative to the historic city center and shared socio-economic characteristics.
Additionally, five planning areas reflect land-use patterns, human occupation, and envi-
ronmental and socio-economic factors, thereby guiding government policies and actions,
including waste management [24].

Rio de Janeiro generates approximately 9000 metric tons of municipal solid waste daily,
which is managed by the Municipal Urban Cleaning Company (COMLURB). Like other
major cities worldwide, it faces challenges in implementing waste management policies and
FW reduction strategies. Approximately 95% of MSW is disposed of in landfills. Household
waste accounts for about 54% of municipal solid waste, with each person producing an
estimated 0.70 kg per day in 2020. This year, about 1.39% of household waste was directed
to selective collection (ca. 123 metric tons per day). In contrast, only 0.11% of organic waste
was composted and/or anaerobically digested (ca. 10 metric tons per day) [25].

2.2. Household Waste Sampling and Analysis

Household waste samples were collected from Monday to Friday, excluding holidays,
and always before the regular waste pickup. Holidays were excluded from the sampling
to avoid atypical waste-generation patterns associated with festive periods and to ensure
that the samples were representative of regular household waste production. The samples
were collected from individual houses, condominiums, and apartment buildings at their
doorstep. They were randomly collected, placed into a 240 L container, and transported

https://doi.org/10.3390/waste4030022

https://doi.org/10.3390/waste4030022


Waste 2026, 4, 22 4 of 17

by non-compacting trucks. In total, 1391 samples of household waste were collected from
February 2021 to December 2023.

Samples were collected from 155 of 165 neighborhoods in Rio de Janeiro, represent-
ing 95.5% of the total population and covering nine administrative subdivisions (sub-
prefectures) (n = 1, 2, 3, . . ., 9) across the municipality’s four geographic zones (Central,
South, North, and West). This administrative division was adopted to ensure broad spatial
coverage of the municipality and to enable comparisons among areas with distinct urban
characteristics. The number of samples in each municipal region was determined based on
the total population in the selected area and the research center’s processing capacity for
gravimetric analysis (Table S1). All regions of the city were sampled throughout the study
years, with samples collected randomly across different months. Consequently, the study
does not allow for a comparison of the effects of seasons (e.g., dry and wet) on the profile
of the generated waste.

In this investigation, household waste was grouped into four categories: organic
matter, paper, plastic, and other materials. Other materials included glass, metals, and
rejects, among other categories that are not important to this study’s assessment. The
analysis was performed by weighing the materials to determine the mass percentage of the
specific waste component in accordance with Equation (1).

Ci =

(
wi
wt

)
× 100% (1)

where

Ci = percentage of the segregated waste fraction (e.g., organic matter, paper, plastic, others),
in %.
wi = weight of the specific segregated fraction, in kg.
wt = total weight of the waste sample being analyzed, in kg.

2.3. FW Gravimetric Analysis

To analyze FW, we used the list of categories presented in Table 1, which reflects the
main food categories consumed by Brazilian families [26]. Overall, FW was classified into
six broad categories: (i) fruits, vegetables, and salads; (ii) confectionery, cakes, and desserts;
(iii) proteins; (iv) bakery products, pizza, and pasta; (v) fine aggregates (e.g., rice, beans,
grains, and fragmented food particles); and (vi) food and leftovers remaining in packaging.
This classification was adopted to facilitate the characterization and quantification of the
different waste fractions generated.

Table 1. Classification of FW categories adopted in the gravimetric assessment in this study.

Category Description Examples

Fruits, vegetables, and
salads

It comprises discarded
fruits, vegetables, and

salad items, including both
edible portions and

inedible parts generated
during food preparation,

consumption, and storage

Unused or spoiled fruits,
salads, and vegetables,

peels, seeds, stems, cores,
and outer leaves

Confectionery, cakes, and
desserts

Discarded sweet food and
dessert preparations

Snacks, cakes, pastries,
cookies, puddings, etc.
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Table 1. Cont.

Category Description Examples

Proteins Discarded animal-based
protein foods

Meat, chicken, fish (edible
and inedible parts), eggs,

as well as associated edible
and inedible residues (e.g.,
bones, skin, and cartilage).

Bakery, pizza, and pasta

It includes discarded
bakery products,

encompassing both
prepared and unconsumed
portions generated during

food preparation and
consumption

Bread, pizza, pasta, and
cereal-based foods

Fine aggregate
Small-sized food residues

with a characteristic size of
less than one inch (2.54 cm)

Rice, beans, grains, flour,
coffee grounds, and

fragmented food particles

Food and leftovers
remaining in packaging

Residues and leftover food
items that remained

partially or fully contained
within their original

packaging when complete
separation of the contents
from the packaging was

not feasible

Closed packaging and
partially consumed items,

such as yogurt, cottage
cheese, sauces, jams

The category “fine aggregate” refers to organic residues smaller than 2.54 cm, such as
spent coffee grounds, flour, grains, rice, and bean grains, whether cooked or raw. Prior to
segregation, the food waste was placed on a table fitted with a one-inch mesh. Small-sized
food residues that passed through the mesh were classified within this category.

This study adopted the United Nations Environment Programme (UNEP) definition of
food waste, which includes both edible and inedible food fractions. The UNEP’s objective is
to distinguish between avoidable and unavoidable waste to guide solutions in accordance
with the food waste management hierarchy [17]. However, because we did not segregate
edible and inedible fractions in this study, comparisons with other research should be
approached with caution. Packaging was included in the analysis even when it still
contained food residues, as complete separation was not always possible, particularly
for products such as cottage cheese, yogurt, jams, and sauces. In some cases, packaging
weight influenced the measurements, as observed for jams, which are often sold in heavy
containers, and bottled spices, where the packaging may weigh more than the contents [27].
This approach was adopted to ensure consistency in the sorting procedure across all
samples. Consequently, the reported mass of this fraction may slightly overestimate the
actual food waste content. In our analysis, drinks (e.g., alcoholic beverages, soda, etc.) were
not included in the gravimetric evaluation of FW.

In total, about 24,038 kg of FW (fresh weight, i.e., the as-collected mass including
natural moisture content; wet basis) was analyzed in the study period from February 2021
to December 2023. Photographs were taken throughout the weighing process. This was
also helpful for classifying items in doubt [28].
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2.4. Statistics

Statistical analyses were conducted to assess whether FW composition differed among
regions. A chi-square goodness-of-fit test was applied to assess whether the observed
distribution of FW categories in each of the city’s nine regions differed significantly from
the overall distribution observed for the municipality of Rio de Janeiro. The null hypothesis
assumed that the regional FW composition was consistent with the citywide composition,
whereas the alternative hypothesis assumed that the distributions differed. For each year,
the observed FW category distribution in each region was compared with the expected
distribution, defined as the citywide mean composition of the six FW categories calculated
from the combined 2021–2023 dataset. The chi-square goodness-of-fit test was performed
on the mass of each FW category by region and year, with 5 degrees of freedom (6 categories)
and a significance level of p < 0.05. The mass (kg) of each food waste category by region
and year is provided in Table S2.

Because separate chi-square goodness-of-fit tests were performed for each region
and year (nine regions × three years), no formal correction for multiple comparisons was
applied. Consequently, the statistical analyses should be considered exploratory, and some
statistically significant results may reflect chance due to the increased risk of Type I error.

All analyses were performed using Jamovi software (version 2.5.3).

3. Results
3.1. Household Waste Composition in the Rio de Janeiro Municipality (2021–2023)

Figure 1 shows the household waste composition in the municipality of Rio de Janeiro
from 2021 to 2023, highlighting the predominant fractions, i.e., organic, paper, plastic, and
other materials.

 

45.4% 48.8% 48.7% 47.7%

15.4% 16.0% 15.6% 15.7%

15.6% 12.9% 13.0% 13.8%

23.5% 22.4% 22.7% 22.9%

2021 2022 2023 Average

Organic Matter Paper Plastic Other materials

Figure 1. Composition of household waste in Rio de Janeiro municipality (2021–2023): mean propor-
tions of organic matter, paper, plastic, and other materials.

Organic matter was the largest fraction of household waste in Rio de Janeiro, averaging
47.7% (SD = 1.9%) over the three years.

Results also align with historical data for the municipality of Rio de Janeiro from 1995
to 2025, which show an organic fraction ranging from approximately 45.4% to 61.4% and
an average of 51.8% (SD = 4.4%) during this period [29].

https://doi.org/10.3390/waste4030022

https://doi.org/10.3390/waste4030022


Waste 2026, 4, 22 7 of 17

Recyclables, i.e., paper and plastic fractions, underwent variations during the
2021–2023 period of analysis. In 2021, paper and plastic accounted for 15.4% and 15.6% of
household waste, respectively. The predominance of these fractions shifts from 2022 and
beyond. Based on the city’s historical data, this change occurred for the first time in 2022
since 2010 [29].

3.2. FW Composition in the Rio de Janeiro Municipality (2021–2023)

The assessment of food waste composition in 2021–2023 in Rio de Janeiro is shown in
Figure 2.

 

60.3%

74.6% 76.5%
70.8%

25.1%

15.3% 15.0%
18.2%

5.8%
3.9% 3.2% 4.3%

5.4% 2.8% 2.4% 3.5%
2.8% 3.1% 2.7% 2.9%0.7% 0.3% 0.3% 0.4%

2021 2022 2023  Average

Fruits, vegetables and salads Fine aggregate Proteins
Bakery, pizza and pasta Food and leftovers in packaging Confectionary, cakes and desserts

Figure 2. FW composition in the Rio de Janeiro municipality (2021–2023), with the mean value over
the period.

The most relevant food waste category comprised fruits, vegetables, and salads,
accounting for 70.8% (SD = 8.9%) of the FW generated between 2021 and 2023. Fine
aggregate (mainly rice and beans, as observed during gravimetric analysis) accounted
for 18.2% (SD = 5.7%) of the total mass, derived primarily from leftovers and raw grains.
These values represent the mean percentages for the 2021–2023 period. Together, these
two categories accounted for 89.0% of the total FW in the study period.

The protein content in FW was low. It represented 4.3% (SD = 1.3%) of the average
composition in 2021–2023. This result aligns with global studies indicating that the protein
FW fraction, such as meat and chicken, accounts for no more than 10% of total food
waste [30].

It is worth noting that although we did not separate edible and inedible fractions
in this gravimetric assessment, considerable amounts of edible food were qualitatively
identified in all food waste samples. Whole and partially consumed fruits and vegetables,
chicken meat, and bread rolls were the main examples found during the FW sampling, as
indicated by visual registrations (Figure 3), indicating the presence of edible parts in the
wasted food.
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Figure 3. Examples of edible food waste identified in the study: (a) eggplants, (b) leafy vegetables
(cabbage and watercress), (c) raw chicken meat, (d) bread rolls, (e) cheese and processed bread, and
(f) yogurt and cottage cheese.

3.3. Comparison of Food Waste Composition Across the Nine Regions of the Rio de Janeiro
Municipality

Table 2 presents the mean FW composition based on data collected from the nine city
regions over three years (2021–2023) and the average FW composition over the study period.

Table 2. Average FW composition percentage per region within each zone of the Rio de Janeiro
municipality, for the period 2021–2023. SD = standard deviation.

FW Components

Zones and Regions of Rio de Janeiro, Mean ± SD (Mín–Máx)

North West Central South FW
Composition of

RJ City
Region

1
Region

2
Region

9
Region

3
Region

4
Region

7
Region

8
Region

5
Region

6

Fruits, vegetables, and salads 74.6 ± 8.0%
(64.3–78.8%)

68.4 ± 9.8%
(57. 8–74.8%)

73.1 ± 4.0%
(67.8–75.7%)

74.3 ± 7.8%
(64.2–79.3%)

70.6 ± 9.0%
(61.1–77.1%)

71.3 ± 7.5%
(61.8–75.6%)

73.0 ± 10.1%
(59.5–78.5%)

69.3 ± 8.2%
(57.2–76.6%)

73.1 ± 6.9%
(64.8–76.7%)

70.8 ± 8.9%
(60.3–76.5%)

Confectionery, cakes, and
desserts

0.3 ± 0.1%
(0.21–0.58%)

0.4 ± 0.1%
(0.3–0.5%)

0.3 ± 0.1%
(0.12–0.35%)

0.30 ± 0.04%
(0.22–0.30)

0.9 ± 0.7%
(0.32–1.63%)

0.2 ± 0.1%
(0.16–0.34%)

0.3 ± 0.2%
(0.22–0.65%)

0.3 ± 0.3%
(0.10–0.73%)

0.3 ± 0.2%
(0.11–0.37%)

0.4 ± 0.1%
(0.32–0.68%)

Proteins 3.6 ± 1.2%
(2.7–5.1)

4.5 ± 1.7%
(3.0–6.3%)

4.5 ± 1.0%
(3.7–5.7%)

3.5 ± 0.7%
(2.7–3.9%)

4.3 ± 1.3%
(3.2–5.6%)

3.7 ± 1.5%
(2.9–5.6%)

3.7 ± 1.1%
(3.1–5.2%)

5.7 ± 1.3%
(3.7–7.1%)

4.3 ± 0.6%
(3.8–5.0%)

4.3 ± 1.3%
(3.2–5.8%)

Bakery, pizza, and pasta 2.9 ± 1.4%
(1.8–4.6%)

3.8 ± 1.8%
(2.3–5.8%)

2.8 ± 0.7%
(2.3–3.7%)

3.2 ± 1.8%
(2.3–5.5%)

3.1 ± 1.4%
(2.0–4.6%)

4.0 ± 2.0%
(2.6–6.4%)

3.0 ± 1.7%
(2.1–5.3%)

4.6 ± 1.5%
(3.3–6.9%)

2.6 ± 0.4%
(2.4–3.2%)

3.5 ± 1.6%
(2.4–5.4%)

Fine aggregate 15.6 ± 4.7%
(13.0–21.6%)

20.2 ± 6.1%
(16.2–27.1%)

15.1 ± 2.3%
(13.2–17.8%)

15.2 ± 5.2%
(12.2–22.0%)

18.0 ± 5.7%
(13.8–23.8%)

18.5 ± 4.2%
(15.4–23.5%)

17.8 ± 6.6%
(24.6–14.2%)

17.8 ± 5.0%
(13.8–25.2%)

15.9 ± 5.8%
(12.1–22.9%)

18.2 ± 5.7%
(15.0–25.1%)

Food and leftovers in
packaging

3.0 ± 1.0%
(2.1–3.9%)

2.8 ± 0.3%
(2.6–3.2%)

4.1 ± 1.2%
(2.8–5.2%)

3.6 ± 0.4%
(3.4–4.0%)

3.1 ± 0.4%
(2.7–3.4%)

2.3 ± 0.9%
(1.5–3.3%)

2.2 ± 0.4%
(1.9–2.7%)

2.4 ± 0.4%
(2.0–2.9%)

3.7 ± 1.1%
(2.6–4.8%)

2.9 ± 0.2%
(2.7–3.1%)

The food waste composition in the city of Rio de Janeiro ranged from 60.3–76.5% for
Fruits, vegetables, and salads, 15.0–25.1% for fine aggregate, and 3.2–5.8% for proteins
during the study period. This common pattern remained consistent across the city’s
regions, but some categories saw changes in their contributions. For instance, Region 2
(North Zone) showed the lowest mean percentage of fruits, vegetables, and salads in FW
(68.4 ± 9.8%) and the highest percentage of fine aggregate waste (e.g., rice, beans, grains,
flour, and fragmented food particles) (20.2 ± 6.1%). In contrast, the South Zone (Region 6)
and the West Zone, specifically the Barra neighborhood (Region 3), account for 15.9 ± 5.8%
and 15.2 ± 5.2% of fine aggregate waste, respectively.

The chi-square goodness-of-fit test was applied to evaluate whether the FW compo-
sition in each of the nine regions differed from the mean FW composition of the Rio de
Janeiro municipality (Table 3).
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Table 3. Results of the adherence test (p-value) for FW composition in each of the nine regions of the
Rio de Janeiro municipality (2021–2023).

Regions 2021 2022 2023

Region 1 0.5026 0.5582 0.7826
Region 2 0.0312 * 0.5150 0.0785
Region 3 0.3099 0.8172 0.4192
Region 4 0.0075 * 0.5441 0.8475
Region 5 0.3974 0.0317 * 0.5592
Region 6 0.0630 0.0135 * 0.6219
Region 7 0.6949 0.0219 * 0.8985
Region 8 0.9500 0.2463 0.5550
Region 9 0.0421 * 0.3248 0.5548

* p-value < 0.05.

The findings revealed statistically significant differences (p-value < 0.05) in the average
food waste fractions in specific regions and years compared with the city’s average compo-
sition. In 2021, Region 4 (West Zone) exhibited a distinct FW composition compared with
the municipal average (p-value < 0.01), as well as Regions 2 and 9 in the North zone of the
city (p-value < 0.05). In 2022, similar disparities were observed in Region 5 (Central Zone),
6 (South Zone), and 7 (West Zone). These results indicate that FW composition can vary
considerably across regions within the city, potentially reflecting differences in socioeco-
nomic conditions, dietary patterns, consumption behaviors, and other local characteristics.
However, no direct analysis was performed to correlate these factors with the observed FW
composition. Therefore, this interpretation should be considered speculative.

4. Discussion
4.1. Household Waste Composition in the Rio de Janeiro Municipality (2021–2023)

From 2021 to 2023, organic matter accounted for an average of 47.7 ± 1.9% of house-
hold waste in the municipality of Rio de Janeiro (Brazil). This result corroborates the
observations of Kaza et al. [3], indicating that cities in lower- and middle-income countries,
such as Brazil, generate a higher proportion of food and green waste (50%) compared
to those in higher-income nations (32%), contributing to the high organic content in the
municipal solid waste.

In this study, 2021 exhibited the lowest average proportion of organic waste in the city
(45.4%). This pattern may be related, at least in part, to social measures implemented during
the second wave of the Coronavirus disease 2019/2020 (COVID-19/2020) pandemic, which
could have encouraged more efficient household food management, as observed in other
contexts [31,32]. Although consistent with trends reported during the COVID-19 pandemic,
this explanation remains speculative, and other factors, including economic conditions and
changes in waste collection practices, may also have influenced the observed reduction in
organic waste.

In addition, the higher proportions of paper/cardboard (16.0% in 2022 and 15.6%
in 2023) compared with plastic (12.9% and 13.0% in 2022 and 2023, respectively) suggest
that local legislation and public health measures may have influenced household waste
composition during the study period. Specifically, State Law No. 8.006/2018, which
prohibits the distribution of plastic bags in commercial establishments such as supermarkets
and grocery stores, has been in effect in Rio de Janeiro since 2019. Furthermore, the increase
in paper/cardboard packaging waste may be attributed to the effects of the COVID-19/2020
pandemic on food delivery services and online shopping. Similar trends were reported by
Saha et al. [33] in Fargo, North Dakota, United States of America (USA), where cardboard
recycling increased by 5.8% in 2020 compared with 2019 and by 13.0% in 2021 compared
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with 2020. According to the authors, this increase was likely associated with greater
reliance on online shopping during the pandemic and the persistence of these consumption
habits thereafter. However, these factors should be interpreted as plausible contributing
drivers rather than definitive explanations, as no direct data on online shopping behavior,
e-commerce, or plastic bag usage were available to confirm their individual effects.

4.2. FW Composition in the Rio de Janeiro Municipality (2021–2023)

The ranking of the most wasted food categories in the city of Rio de Janeiro (Brazil) was
as follows: fruits, vegetables, and salads > fine aggregate > proteins. This common pattern
has similarities with other reported studies in the literature—illustrated in Table 4 for
comparative analysis. It is important to note that studies vary in methodologies, functional
units and sample sizes, which demands a cautious evaluation of results. For instance, in
studies that rely on indirect methods for measuring FW, such as surveys and food diaries,
consumers tend to underestimate the amount of waste they produce. Therefore, the data
should be compared and interpreted as indicative of general patterns rather than precise
differences. Additionally, data are presented as mean percentages, including those from
the present study, to ensure comparability with previous studies that reported average FW
composition based on a single quantity of waste (fresh weight or dry mass) rather than
extended observation periods.

Table 4. Three most wasted food categories reported in the literature, with mean values from
each study.

Country Method 1st Category 2nd Category 3rd Category Reference

United
Kingdom

Survey and
compositional

analysis

Fresh vegetables and
salads
28%

All other food and drink
19%

Meals (home-made
and pre-prepared

12%
[30]

German
Questionnaire-based

surveys and diary
(self-assessment)

Fruit and vegetables
34%

Bakery products
14%

Dairy products
14% [34]

Croatia Diary
(self-assessment)

Fruit and vegetables
46%

Other foods (eggshells,
coffee grounds, others) 12% Bakery 9% [35]

Israel
Survey and

compositional
analysis

Fruits and vegetables
67.5% Bread/bakery 14.1% Milk and dairy

products 8% [36]

Denmark Compositional
analysis

Fresh vegetables and
salads 30% Fresh fruit 17% Bakery 13% [18]

Canada
Survey and

compositional
analysis

Fruits and vegetables
63% Bread and cereals—14% Meat and Fish 9% [37]

Brazil Compositional
analysis

Fruits, vegetables, and
salads
70.8%

Fine aggregate (rice, beans,
fragmented food particles)

18.2%

Proteins
4.3%

Current
study

Similar results confirming the dominance of the fruit and vegetable category in FW
generated in households were also reported in previous quantitative research conducted
in various countries [18,30,35,36]. In that direction, it was observed that the percentage of
fruits, vegetables, and salads in the current study (70.8%) gets close to those reported by
Elimelech et al. [36] in Israel, where the fruit and vegetable category accounted for 67.5% of
the total avoidable FW analyzed.

On the other hand, the proportion of fruits, vegetables, and salads identified in
our study was substantially higher than that reported in other countries with developed
economies. In the United Kingdom, a report by a non-governmental organization found
that fresh vegetables and salads accounted for 28% of edible food waste in 2022, while
fresh fruits accounted for 8% [30]. Likewise, a study conducted in Denmark reported that
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vegetables and salads accounted for an average of 30% of food waste, while fresh fruits
contributed approximately 16% [18]. A similar distribution was observed in Croatia, where
fruits and vegetables together comprised nearly half of the total food waste generated
(46%) [35].

This analysis is particularly critical regarding the fruit, vegetable, and salad category, as
it exhibits the highest percentage of fractions unsuitable for consumption. The comparisons
focus on identifying which fractions of food waste are most significant in various countries.
The goal is not to determine whether one country wastes more or less of a specific category
than another. Instead, it aims to find out whether the most wasted food categories are
consistent across studies from different nations. Yet this comparison should be interpreted
with caution, as some studies from developed economies accounted only for the edible
parts of FW [30,35], whereas our research included both edible and inedible food waste.

The high rate of disposal of fruits, vegetables, and salads in Rio de Janeiro (Brazil) is
thought to be influenced by several factors. Bananas and oranges are the most consumed
fruits in Brazil [26]. Their high perishability may be exacerbated by climatic conditions and
poor infrastructure, including inadequate storage, which accelerates waste generation [38].
In addition, spoiled whole fruits and vegetables, identified during our qualitative analysis,
could indicate poor planning in food purchases and consumption. Porpino et al. [39]
investigated the antecedents of FW among 14 Brazilian lower–middle-class families. They
reported that excessive purchasing, overpreparation, and inappropriate food conservation
are factors influencing food waste in the households analyzed. In addition, consumers
often tend to overpurchase fresh products but fail to consume them before they spoil. This
might result in greater food loss and waste (FLW) [39].

The predominance of fruit and vegetable waste in Brazil, as observed in other Latin
American countries, might also be related to supply chain inefficiencies (postharvest losses,
logistics, and cooling facilities) and market dynamics (quality standards and oversup-
ply) [13,40,41]. A recent study estimated that about 5.18 million metric tons of FLW was
generated in Chile in 2021, with fruit as the largest contributor at 2.5 million metric tons
(48% of the total FLW), followed by vegetables at 0.8 million metric tons (16%) [40]. Ac-
cording to this study, 67% of fruit loss and waste in Chile occurred during agricultural
production, post-harvest handling, and storage, accounting for approximately 30% of
the country’s total FLW [40]. Fruits and vegetables are highly susceptible to mechanical
damage during both manual and automated harvesting, as well as subsequent handling
and transportation. In addition, retailers and consumers often reject produce with minor
cosmetic imperfections, even when it remains safe, edible, and nutritionally intact. As
a result, a considerable proportion of fruits and vegetables might be discarded before
reaching consumers or shortly after purchase due to reduced marketability and perceived
quality [41].

In this work, the second-largest category of FW was fine aggregate (e.g., rice, beans,
fragmented food particles, and others < 2.54 cm), comprising approximately 18.2% of
the city’s FW. This result aligned with Ilakovac et al. [35], who reported the category of
“other foods”, comprising egg shells, tea leaves, and coffee grounds, as the second most
representative category, accounting for 12% of FW composition. It should be noted that, in
the present study, the fine aggregate fraction comprises a heterogeneous mixture of edible
and inedible food residues (e.g., rice, beans, flour, coffee grounds, and fragmented food
particles); therefore, comparisons with the “other foods” category reported in previous
studies should be interpreted as approximate rather than direct.
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Interestingly, although the composition of the fine-aggregate fraction was not quanti-
tatively characterized in this study, technicians conducting the gravimetric analysis qualita-
tively observed that rice and beans constituted a considerable portion of this fraction. Rice
and beans are staples of the traditional Brazilian diet, making up around 40% (in mass) of
the food Brazilians purchase by weight [26]. Consequently, a high portion of rice and beans
is expected to be discarded by Brazilian households.

Lourenço et al. [23] employed a two-stage methodology that combined an online
survey of 1764 Brazilian respondents with an 8-day digital FW diary (including smartphone
photos) from 686 households to quantify and categorize food waste using standardized
measurements and statistical analyses. They reported that rice accounted for 21.96% of total
FW, while beans accounted for 15.99%, concluding that these are the two most consumed
and wasted food groups in Brazil.

The qualitative observations obtained in this study, together with evidence from the
literature, suggest that the composition of FW generally mirrors the dietary habits and
consumption patterns of the populations from which it originates.

The third most representative category represented a small share of the food waste
analyzed. The protein content in FW was relatively low, at less than 5% of the municipality’s
average composition. This result aligns with other studies, which report values ranging
from 3% to 11% of fresh weight, though these vary depending on methodology and whether
inedible fractions (e.g., bones) are included [18,34,37].

Another important finding of this investigation is regarding the differences in FW
composition across the city’s regions over time. Differences were reported for Regions
2, 4, and 9 in 2021, and for Regions 5, 6, and 7 in 2022. Here, the observed differences
could be partially attributable to income levels across regions. The North and Central
Zones are predominantly lower-income, whereas the South Zone and Region 3 of the West
Zone, named “Barra da Tijuca”, are mainly higher-income. This socioeconomic contrast
suggests a potential contribution to the observed variations in FW composition among
these areas. This hypothesis is partially supported by Ilakovac et al. [35], who conducted a
self-reported survey in which 115 Croatian households recorded the frequency and portion
sizes of different FW categories discarded over 7 days. The study found that household
income showed positive correlations with the disposal of cakes and biscuits, milk and dairy
products (p-value < 0.01), pasta, rice, and fish (p-value < 0.05). In contrast, no significant re-
lationship was observed between income and the disposal of fruits, vegetables, meat, bread
and buns, prepared meals, fruit- and vegetable-based products, or unavoidable food waste.
The authors concluded that income influences the composition of FW through differences
in purchasing power and consumption patterns. While lower-income households tend
to minimize waste due to financial constraints, higher-income households exhibit greater
waste in selected, often higher-value food categories such as cakes, biscuits, and fish. Nev-
ertheless, because we did not collect household-level socioeconomic data, the hypothesized
link between income distribution and regional FW composition remains speculative in
this study and should be examined in future studies that integrate gravimetric data with
detailed sociodemographic information.

Differences in FW composition across the regions of Rio de Janeiro highlight the need
to develop region-specific strategies for organic waste management that account for local
FLW generation profiles. Municipal authorities could implement targeted FLW campaigns
focused on waste prevention and source segregation, taking regional characteristics into ac-
count, while investing in waste management infrastructure (e.g., composting and anaerobic
digestion facilities) near areas with high FW generation to reduce transportation distances
and associated energy costs.
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4.3. Study Limitations and Prospects

Gravimetric analysis is one of the most widely used methods for determining house-
hold composition. Still, some pitfalls can compromise data quality. In this study, the
authors designed experimental procedures to address drawbacks such as temporal variabil-
ity by excluding holidays and festivities from the sampling. On the other hand, seasonal
variability (i.e., dry and wet seasons) was not accounted for in this assessment. It should be
properly addressed in future evaluations, because moisture fluctuations in FW may reflect
water content rather than actual material mass. Another potential limitation of this study
is that the doorstep collection approach may underrepresent households in multi-family
buildings with distinct waste-collection logistics, potentially introducing sampling bias.

Furthermore, FW sorting is highly dependent on operator judgment, and common
problems such as misclassification, inconsistent separation among technicians, and fatigue
during long sorting sessions can compromise the results. Finally, our decision to aggregate
the weight of packaging when it contained food and leftovers, like yogurt and jam, is
problematic because the packaging’s relative mass contribution can distort the percentage
within the FW category. The reported proportion of the “food and leftovers in packag-
ing” fraction may be slightly overestimated because, when separation of food residues
from packaging was impractical, the combined mass was recorded during waste sorting.
Therefore, despite the category of food and leftovers in packaging having represented only
2.9 ± 0.2% during the study period and less than 5% across the nine regions of Rio de
Janeiro, these results should be interpreted with caution, and future investigations must
consider segregating residues in packages and quantifying liquid food waste.

We were also unable to separate the edible and inedible fractions of food waste and
weigh them separately during this physical assessment. Thus, comparisons with other
studies that performed this separation may be under- or overestimated; therefore, the
findings should be evaluated with caution.

Finally, it should be noted that the statistical analyses applied in this work were
appropriate for the study objectives; future research could benefit from complementary
analytical approaches to better evaluate temporal and spatial variation in FW composition.
In particular, multivariate and compositional data analysis methods, such as principal
component analysis (PCA) applied to centered log-ratio-transformed compositions, or
models incorporating region and year as explanatory factors (e.g., generalized linear
models), may provide a more comprehensive evaluation of the joint variation among food
waste categories.

Future research will expand upon these findings and address the limitations identified
herein to improve the reliability and generalizability of the results. Our findings alert public
officials and show that gravimetric analysis data can serve as indicators for prioritizing and
monitoring waste management efforts in the city. In this sense, a key recommendation is
that cities consider conducting periodic compositional analyses of food waste, as is the case
in Rio de Janeiro. Another argument in favor of food waste compositional analysis across
different regions (neighborhoods) of a city is that the data generated can yield powerful
insights into the quality of residents’ diets. For example, Gupta et al. [42] investigated the
composition of food waste across different neighborhoods in Seattle, USA. The researchers
found a greater presence of unprocessed foods in household waste, such as inedible parts of
fruits, vegetables, and salads, in some regions, indicating higher-quality diets there. Results
like these can guide the development of policies and context-specific strategies.

This study offers valuable evidence to support the development of policies for food
loss and waste management. In that direction, municipal authorities should implement
communication and educational campaigns to increase public awareness and encourage
behavioral changes that reduce FLW. In parallel, surplus edible food should be recovered

https://doi.org/10.3390/waste4030022

https://doi.org/10.3390/waste4030022


Waste 2026, 4, 22 14 of 17

and redistributed through food banks, charities, and other donation networks before
being redirected to animal feed or industrial applications, whenever permitted by food
safety regulations.

Investments in separate collection systems and organic waste valorization infrastruc-
ture, such as anaerobic digestion, as well as in decentralized solutions, such as home
composting, are essential. These solutions would divert organic waste from landfills, re-
duce greenhouse gas emissions associated with improper disposal, and contribute to a
more circular and resource-efficient waste management system in the municipality of Rio
de Janeiro.

5. Conclusions
This three-year physical assessment of household waste in the municipality of Rio de

Janeiro (Brazil) found that FW accounted for an average of 47.7 ± 1.7%. About 24,038 kg
of FW (fresh weight) was analyzed in the study period. The ranking of the most wasted
food categories in the city of Rio de Janeiro aligned with previous quantitative studies,
with fruits, vegetables, and salads (70.8 ± 8.9%) > fine aggregates (18.2 ± 5.7%) > proteins
(4.3 ± 1.3%). Our findings revealed that the FW composition varied considerably across
regions within the city between 2021 and 2022 (p-value < 0.05), potentially reflecting
differences in socioeconomic conditions, dietary patterns, consumption behaviors, and
other local characteristics. This aspect warrants future investigations to guide policies and
locally specific strategies for waste prevention and valorization. The present research took
a first step toward understanding the food waste problem in Rio de Janeiro (Brazil). Future
research will expand upon the findings and address the limitations identified in this study
to improve the reliability and generalizability of the results.
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of neighborhoods, total population, and households. Table S2. Raw mass (kg) of each food waste
category by region and year in the municipality of Rio de Janeiro.
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