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ABSTRACT

Introduction: Over a billion tons of food are wasted annually. There was much evidence in higher-income countries towards
food waste reduction in consumption level. Conversely, some food waste volume is rising worldwide, particularly in lower-
and middle-income countries. In order to improve understanding of how to minimize food waste during the consumption
stage, the present literature review aimed to synthesize food-waste reduction interventions at the consumption level in
lower- to upper-middle-income countries.

Methods: The study used the Google Scholar database and followed PRISMA guidelines.

Results: Three hundred sixty-five articles were retrieved from the database searched. The final round summarized 13
implemented food waste reduction interventions at the consumer stage. The finding shows also there were several main
intervention types applied, including campaign (n=6), technology (n=4), policy (n=2), and others conducted in households
(n=9; 70 percent), restaurants (n= 2; 15 percent), and university/ college (n=2; 15 percent).

Conclusion: Policy is still a fundamental determining intervention of the effectiveness of food waste reduction at the
consumption level. Furthermore, a framework suggests that community-based education may be applied as a consumption-
level intervention to minimize food waste, which is appropriate for the community empowerment approach in lower- and
upper-middle-income countries. Furthermore, intervention using composting eco-friendly technology also required
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INTRODUCTION

Food waste is a worldwide catastrophe,
with over a billion tons of wasted food
annually. However, around one-third of
the world’s population still suffers from
food insecurity, reflecting that about
two billion individuals worldwide are
malnourished. All nations are projected to
have up to a 60% increase in food supplies
to support global population demand in
2050. Low- and middle-income countries
(LMICs) will have a significantly high risk
on food security.' Households account for
around 16 percent of food waste, followed
by food service (26 percent) and retail (13
percent).?

Consumer behavior is the most
prominent determinant of food waste.’
The vast majority of food waste at the
consumer level comes from households,

innovation and community support.

retail, food services, and schools. This
is frequently caused by a need for more
understanding of the problem and
insufficient guidelines on handling and
storing food properly at home.* Food waste
is also driven by socio-cultural norms
and attitudes that believe wasting food is
acceptable and concerns about consuming
food that has passed its sell-by or use-
by date. Food waste is an issue globally,
nevertheless, it is more prevalent in low-
and middle-income countries for various
causes. Reducing food waste may improve
food security, address global concerns,
including climate change, biodiversity loss,
and pollution, and decrease the burden on
waste management systems. It was a win-
win situation for people, the planet, and
prosperity.”

Food waste has a significant impact
on the nutritional status of the LMIC
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population, as well as the environment. In
some conditions, waste reduction alone
could lead to a nationally sufficient supply
of fruits and vegetables and, therefore, a
sufficient intake of minerals and vitamins.®
The cost benefits are also substantial
regarding food waste reduction. For
instance, reducing food waste in rural
families can increase income and improve
lives. Here is a staggering statistic: reducing
consumer food waste by 20 to 50 percent
by 2030 could save the globe between
USD120 and USD300 billion annually.”
These savings are not just theoretical; they
can be realized on both an individual and
systemic level; households can cut their
overall food spending by consuming more

of what they buy.
Several food waste reduction goals
have been  established, including

Sustainable Development Goal, on the
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target 12.3 ‘Food Loss and Waste, which
aims to cut per capita global food waste
in half by 2030 at the retail and consumer
levels, as well as minimize food losses
along production and supply chains,
including post-harvest losses.® There are
several potential strategies for each level
of the food system, for instance, improved
forecasting communication  between
retailers and agricultural producers to
public information campaigns, skill-
building programs at home or in the
workplace, and changes in how food is
packaged and sold.” However, there is a
lack of evidence conducting in lower- to
upper-middle-income settings. Besides,
within these essential interventions,
policymakers and practitioners may make
several decisions impacting the success of
programs that reduce food waste.

Understanding how to influence food
waste reduction during the consuming
phase, particularly in communities where
a substantial amount of food is consumed
and wasted, is critical for making a
significant influence.” Therefore, the
present review initiated to synthesize
food-waste reduction interventions at the
consumption level in lower- to upper-
middle-income countries.

METHODS

The present study performed a
systematic literature review to identify
interventions in food waste reduction at
the consumption stage across lower- to
upper-middle-income  countries.  The
systematic literature review is a valuable
method since it maps, evaluates, and
synthesizes material to generate an
understanding of a determined topic,
allowing for the identification of research
gaps and the development of new research
agendas.""”* The review collects and
synthesizes information, with the ability
to closely adhere to scientific methods
and limit bias, with the goal of producing
a methodological synopsis of research
in a specific field study and identifying
research or knowledge gaps and areas for
future studies.

The study mainly maps what kind of

Hence, it may be used as an essential
strategy and better future approaches.
Due to the requirement that the present
review is not a systematic review, it
was not submitted to the International
Prospective Register of Systematic Reviews
(PROSPERO).

The Google Scholar database was
used to identify relevant papers using
combinations of the following terms:
“food waste,” “household,” “consumption,”
“behavior change,” and “low and middle
income” The search has no start date
selected to include as much scientific
literature in English as possible. The
present review requires the following
inclusion criteria: (1) Full-text available
for review; (2) Peer-review published
literature; (3) Conducted in LMICs
(LMICs divided into low-income
economies are defined as those with
GNI (gross national income) per capita
of $1,135 or less in 2022; lower-middle-
income economies (GNI per capita:
$1,136 and $4,465); upper-middle-income
economies (GNI per capita: $4.466 and
$13,845))." Studies that met the following
exclusion criteria were excluded: (1)
Unpublished results, (2) The absence of a
peer-review process, (3) review, protocols,
conference abstracts/presentations/
posters, book chapters, editorials, and
commentary or opinions, (4) Did not
include outcome(s) or measure(s) related
to food waste intervention at consuming-
stage in LMICs, (5) Conducted in high-
income country (GNI per capita was over
$13,205).

The retrieved articles have been
uploaded to Rayyan Intelligent Systematic
Review®. For inclusion criteria, all
titles, abstracts, and, subsequently, full-
texts were reviewed and screened. For
selecting compatible articles, the Preferred
Reporting for Systematic Reviews and
Meta-Analysis (PRISMA) guidelines were
employed for systematic identification and
assessment of approaches and to ensure a
consistent and complete presentation of
methods.”” Extracted data was organized
into tables to present the general criteria of
each included study. The result was applied
by identifying food-waste reduction

RESULT

Characteristics of Included Studies
The database search retrieved 365 articles.
There were 103 articles excluded regarding
restricted full-text availability and type of
study such as proceeding, book chapter,
review, and editorial. The initial round
of the title and abstract submissions
attained 262 Articles. A further round
of full-text screening yielded 21 eligible
articles. Finally, 13 relevant publications
were selected using the inclusion criteria.
The flow diagram of the present review
using PRISMA guideline was presented in
Figure 1.

Table 1 summarizes the review of the
included article. There are 13 eligible
articles in the present systematic literature
review after screening from 21 retrieved
articles. Excluded articles (n=8) did not
meet the criteria of the study for the
reason that these studies were conducted
in high-income countries. Each article
was described by reference, study location
(country), GNI data at each country, study
setting, methods, type of intervention, and
key findings.

Type of Interventions and Study
Settings

Interventions are defined as one or several
specific actions implemented to reduce
food waste at the consumption level. The
thirteen articles focusing on downstream
food waste reduction intervention were
first categorized by the main intervention
types that were applied: campaign (n=6),
technology (n=4), policy (n=2), and
others. The finding in lower- and upper-
middle-income countries is lower than the
preceding review, mainly in high-income
countries and global settings.” The study
setting varied based on the household
(n= 9; 70 percent), restaurant (n= 2; 15
percent), and university/ college (n= 2;
15 percent). In addition, most of study
was conducted in Asia region (n=10;
77 percent). Figure 2 illustrates the type
of interventions and study settings for
included articles in the present systematic
review.

intervention to reduce food waste at the . . . DISCUSSION
. . . interventions at the consumption stage or
consumption level is conducted in lower . i
. . . level. Campaigns or community-based
and upper-middle-income  countries. . )
education are the most applicable
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Figure 1. PRISMA flow diagram for a systematic literature review.

interventions in reducing food waste at the
consumption level, including households,
restaurants, and universities. Previous
reviews also showed that informational
campaigns had up to 28 percent reduction
in food waste worldwide. The informative
campaign may change the behavior of the
targeted group of communities, students,
hotel managers, and restaurant guests.'”'**
Various delivery methods were used,
including informative campaigns using
banners, slogans, stickers, and training
programs. However, one of the studies in
China found that the campaign “Clean
Your Plate” had no substantial effect on
the weight of plate waste.”” Therefore,
to improve the effectiveness of the
campaigns, the joint participation of the
government, social organizations, and the
public is necessary.

There was one purpose of the campaign
but in different terminology found, for
instance “Clean Your Plate”, “No Dish
Left”, “No Rice Left”, “Safe Food”, “Waste
No Food” The Clean Plate campaign

emphasizes the importance of reducing
food waste by creating awareness of the
environmental and societal impact of
food waste. It encourages schoolchildren
and the general public to practice mindful
eating by completing each meal with a
clear plate. This campaign may be suitable
and applicable in lower- and middle-
income countries.

Technological solutions entail
introducing or modifying technology
and items to change food waste reduction
habits. Applying such technologies to food
waste management systems has become
a significant concern in low- to middle-
income countries.’>”* The technology
employed in the research presented in
this review is often simpler and requires
active community engagement. Instead
of high-tech solutions, fundamental
interventions involve common food waste
composting procedures that are simple to
implement. Adekunle et al. reported that
composting may reduce 40 to 65 percent
of household waste, including kitchen

waste, food remnants, and vegetable
matter.' Composting is a process in
which recyclables decompose naturally
under aerobic or anaerobic conditions
aided by microbial activity, and there are
several techniques for accomplishing this.
Several factors contribute to composting’s
global  acceptability, including the
higher expense of secured sanitary
landfill construction and accompanying
greenhouse gas emissions and increasing
demands for resource recovery from
solid waste products.’®* Composting
is becoming increasingly appealing to
developing countries due to the possibility
of affordable costs and the beneficial usage
of end products such as food.

Re-sizing portions to reduce food
plates may reduce food waste in restaurant
or food service settings as a restaurant
prevention strategy.'”** Portion size control
is even more important in reducing food
waste since the service staff has no direct
control over portion size.”’ The findings
differed because the present review was
limited to lower- and middle-income
countries. Thus, the food portions may
be related to household socioeconomic
determinants.’*’

The uneaten meal is the primary
cause of food waste during consumption.
To encourage more responsible eating,
portion control can be used to create ‘ideal’
meal sizes.” Alternatively, consumers can
select the portion size that is ‘appropriate’
for them.” Furthermore, consumer food
choice can be constructed by, for example,
reducing plate size, charging customers
by the weight of the food they order
rather than by portion, and encouraging
restaurant guests to order less food at
once but more frequently (so-called
downsizing).”!

Consumer choice construction is
particularly essential for food services
because it could significantly reduce plate
waste incidence in settings such as all-
inclusive and wasteful food consumption
experiences. If consumer persuasion does
not work, plate waste might be discouraged
by charging for incomplete meals.'” If
this is improper, repurposed leftovers
can be provided to restaurant patrons in
takeaway boxes for later consumption.*
Significantly, it is stated that foodservice
operators should implement all of these
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strategies to educate consumers about
the adverse effects of food waste. While
educational programs on food waste may
not be successful in the short term, they
may have along-term impact on consumer
behavior."”

Food waste in restaurant settings

may also prevented by other restaurant
managements, including the 3R (reduce-
reuse-recycle) food waste hierarchy;
food purchasing, preparation, storage,
and handling can also be monitored to
prevent food deterioration, and cautiously
monitoring food waste on customer plate

and listening feedback can reduce food
waste.”  Spoilage-reducing  strategies
include enhanced control of spoilage
microorganisms in supply chains and
environmental sources, for example, on
products and packaging.””

Shorting or recycling food waste

Table 1.

Summarize of included article on the present systematic literature review

Location(s)

Setting

Methods

Type of intervention(s)

Key finding(s)

Reference

Nigeria Household

China Restaurant

Taiwan Restaurant

Thailand University/

college

- Survey: oral
interview and waste
generation survey.

- Composting:
microbial  analysis
of decomposing
organic waste and
matured compost

Qualitative study, data

was collected using

interviews with 22

subjects

In-depth interview and
focus group comprising
15 managers, chefs, and
front-line employees

- Action research
using an awareness
campaign

- The collection of
visual data was
based on systematic
sampling

Composting

1) Repurpose leftover or
excess ingredients

2)  Excess food is given to
staff

3) Campaign: “No Rice
Left, No Dish Left”

4)  Provide smaller
portion

1) Standard procurement
and stock management
system

2) Accurate forecasting of
food demand

3) Open kitchen design

4) Campaign

Campaign: using banners
and stickers “Safed Food”,
“Waste No Food”

Composting may reduce 40
to 65 percent of household
waste, including  kitchen
waste, food remnants, and
vegetable matters

- There was 68 percent of
informants said that to
reduce food waste, the
majority took advantage of
ingredient repurposing.

- A significant number of
informants (45 percent)
claimed to play with the
portion size to mitigate
food waste occurring on
customer plates.

- Raise consumer awareness
would change the behaviors
towards reducing food waste
(mentioned by 50 percent of
informants)

- The 3R (reduce-reuse-
recycle) food  waste
hierarchy is also developed
to encourage restaurant
practitioners to  design

appropriate food waste
mitigations.

- Food purchasing,
preparation, storage,

and handling can also be
monitored to prevent food
deterioration.

- Monitoring food waste
on customer plates and
listening to feedback can
reduce food waste.

- The campaign may also
influence consumer
behavior related to reducing
food waste in restaurants.

The campaign significantly

reduced food waste from

baseline (Chi-square=26.284,
df=5, p=0.000)

Adekunle et al.'

Filimonau et al."”

Wu and Teng'®

Manomaivibool et
al.””
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Type of intervention(s)

Key finding(s)

University/

Methods

- An online
questionnaire  was
conducted on 684
subjects.

- In-depth interviews
with local
stakeholders to
obtain existing
food waste policy
information

- Segregation and
anaerobic digestion
process

- Economic  analysis
using net benefit
calculation

Survey case projects
and economic and
sustainability analysis

A national survey
in 2028 involved
30 provinces
(municipalities ~ and

autonomous regions)

- One single case study
concerned with how

city-to-city level
cooperation  could
directly promote the

-technological
adaptation.

- Longitudinal
policy analysis,
literature review,
and survey (40 local
stakeholders)

Direct weighing

method and survey of

3,557 tables and 195

restaurants in 4 case

cities

study:

1) Own waste sorting

2) Local government
waste sorting

3) Policy

Eco-friendly technology: a
waste-to-energy plant

Technology: Anaerobic
digestion plant

Campaign: “Clean  Your
Plate”

Takura Portable Compost
Boxes: recycling technology

Campaign:  “Clean  Your

Plate”

The intervention held the
highest influence in the model
of food waste reduction
(p=0.009).

It was necessary to address
the lack of awareness and
knowledge to improve the
quality of individuals in
managing food waste in the
household level.

The biogas plant is established
to reduce 500 kilograms of
food waste daily (95 percent),
with a payback period of
around 2.1 years.

Anaerobic  digestion plant
reduced 70 percent of food
waste in Suzhou City, China.

- The campaign had no
substantial effect on the
weight of plate waste.

- Compared to standard
posters, slogans, and signs,
watching food-saving
videos recently exacerbated
the unfavorable association

between the awareness
campaign and the
probability of wasting.

- Takakura was implemented
in about 40,000 households
in Surabaya, Indonesia.

- The study demonstrated a
substantial improvement in
the municipal solid waste
management by reducing
the volume of organic waste
generation at disposal sites
by 30%, including foods.

- The campaign in China
relied more on personal
virtue and lacked incentives.

- To improve the effectiveness

of the campaigns, the
joint  participation  of
the government, social
organizations, and the

public is necessary.
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Location(s) Setting Methods Type of intervention(s) Key finding(s) Reference
Nairobiand ~ Household Quantifying and 1) Technology - It was necessary to use Pedrottietal*
Dhaka understanding possible  2) Best practices more feasible low- and mid-
drivers of household 3) Campaign technology  investments,
food waste using 4) Policy such as packing products
the survey in 774 - The  development  of
households product-specific-SPOs
can reduce food waste
by  improving  quality
awareness, standardization,
market alignment, and
options for extension and
gradual technology uptake

- Aware of the food label
(expired date)

- Education intervention
or campaign also refers
to  training  programs
for improving product
management

- Multiple stakeholder
coordination may promote
all the intervention schemes

China Household Direct measures were Shorting (recycling) - The program produced a70  Xu et al.”

made of the weights of percent food waste capture

the household rate, slowly decreasing to 45

waste disposed of by all percent (54 weeks), with <1

of the residents in the percent contamination.

community - The successful program was

(N=432 households) found to be related to the
responsibility and roles of
‘broker’ (NGO and other
stakeholders).

Indonesia Household - A case study Foodbank - The waste banks are a Ismirajetal®
involving qualitative viable option to manage
and quantitative food waste in Pangandaran,
analysis of six waste Indonesia (80 percent) and
bank project have created employment

- A Linkert scale opportunities and raised
was applied for the awareness among the
variable community to manage

waste.

Community-based projects
may provide engagement-
generating value to
communities and can be
sustainably run by the
community independently
and in the long term.

produced a 70 percent capture rate,
gradually decreasing to 45 percent
(54 weeks), with less than one percent
contamination.”  Another study also
shows that the shorting program strongly
influences households, including own
and local government programs, in the
food waste reduction model (p=0.009).”
Even though the country’s waste-sorting
systems have evolved in the past decade

if more effective external factors (local
government facilities and management)
were available, we could expect a waste
reduction, or at the very least a better
sorting system, with a lower volume of
food waste being disposed of and a higher
chance of it being recycled. Another
approach intervention, for instance,
indicated households with access to a
waste-sorting procedure had much lower

final food waste disposal numbers than
those without such a system.”

The community-based waste
management strategy is built on the
notion of cooperation. It aims to improve
communal solid waste management
through source segregation, recyclable
material recovery, and storage prior to
collection.® A waste bank’s principal
activity is to act as a depository for
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Campaign

Technology

Policy

Repurpose leftover and recycling

Composting

Provide smaller portion

Best practice

Open kitchen design

Accurate forecasting of food demand

Standard procurement and stock management system

Food bank

B Number of study (n)

Figure 2. Type of interventions (bar chart) and study settings (doughnut chart).

collecting and managing solid waste
produced by consumers, which is
subsequently sold to recycling after an
agreed-upon amount has been achieved
between the waste bank and recycling. As
a result, the revenue earned by the sale to
recycling is an income source for the waste
bank, which may subsequently be given to
consumers at a pre-determined period.***

The waste bank concept was first
established in Thailand in 2006.” Using
this technique, a community initiative
may foster a feeling of connection
among participants while also addressing
common environmental issues in the local
area. The research initiatives eliminated
significant waste littering while improving
community solid waste management,
slum health issues, and a better living
environment. In terms of economic
advantages, the initiative has the potential
to produce employment and more revenue
in the community while also lowering
municipal expenditures for solid waste
treatment and disposal.

According to the present review,
despite the shortage of downstream
intervention studies, several evaluated
interventions still have good potential
for use in a broader context. The policy
is still a determining indicator of the
effectiveness of reducing food waste in
households, universities, and food service
settings. Another applicable intervention
is shown as best practice, such as cross-
stakeholder coordination, which reduces
household food waste by ensuring compost

equipment availability and promoting
campaigns. More extensive campaigns
are necessary, although it is difficult
to estimate the impact of individual
components of the overall campaign.
With multiple approaches to interventions
and actors at the local level, this measure
should have good potential, given the
necessary resources and commitment. The
present literature review identifies types
of food waste reduction interventions at
the consumption level. However, it does
not assess the statistical significance of the
effectiveness of food waste interventions
for all included studies. Therefore, it
is necessary to conduct a longitudinal
study to analyze the effectiveness of
interventions to reduce food waste at the
consumption level.

CONCLUSION

The present review summarizes 13
implemented food waste prevention
strategies at the consumption stage in
low- and middle-income countries.
This generated the identification of
interventions that may be effectively
implemented at scale in the household,
food service, and educational settings.
Policy remains an essential approach to
the efficacy of food waste reduction at the
consumer level. Furthermore, a framework
suggests that community-based education
may be applied as a household-level
intervention to minimize food waste,
which is appropriate for community
implementation in LMICs. Aside from

that, another intervention is to use
composting technology, which requires
innovation and community support. For
further study; it is necessary to analyze the
effectiveness of each intervention at the
consumption level.
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