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Abstract: Reducing food waste in the student population is important for promoting sustainable
economic, social, and ecological development. In this paper, with the help of CiteSpace software
(versions 6.1.R6 and 6.2.R4), we visually analyze the literature related to the food waste of students
in the WoS core collection database. It is found that (1) scholars are paying increasing attention
to the field of student food waste research, with the United States being the country with the
largest total amount of research in this field, the greatest academic influence, and the most frequent
cooperation with other countries. (2) Research in this field can be broadly divided into three phases:
the starting period (2000–2010), the exploration period (2011–2015), and the development period
(2016–2023). The research on student food waste involves multiple fields of knowledge, such as
statistics, behavior, psychology, management, nutrition, etc. It is divided into three research hotspots,
namely student food waste quantity measurement, student food waste influencing factors, and
student food waste behavioral interventions, as well as three cutting-edge themes, namely student
food waste in developing countries, student food waste and dietary intake and nutritional health,
and student food waste from the perspective of behavioral science. (3) Scholars from different
countries/regions have different research focuses. Research in the United States focuses on the
development of student food waste interventions and the investigation of students’ and teachers’
knowledge, attitudes, and barriers to intervention in student populations; European scholars focus on
researching this area from a behavioral perspective; developing countries in Asia focus on quantifying
the level of food waste among college students and exploring the impact of demographic factors on
student food waste; and developed countries in Asia focus on surveys of teachers, dietitians, and
other parties to explore the impact of food education on food waste and propose food education
interventions based on the recommendations of various parties. Based on the above findings,
future research directions are proposed to provide references for subsequent research on food waste
among students.

Keywords: food waste among students; research progress; CiteSpace; revelations

1. Introduction

Saving food and reducing food waste are not only effective ways of ensuring food
security, relieving pressure on resources and the environment, avoiding economic losses,
and fostering a good social atmosphere, but also inevitable requirements for building a
green lifestyle and an ecological civilization, holding great significance in promoting the
sustainable development of the economy, society, and the ecological environment. In recent
years, natural disasters and the impact of the COVID-19 pandemic have adversely affected
global food security. Statistics from the Food and Agriculture Organization of the United
Nations (FAO) show that about 783 million people were in a state of hunger globally in
2022, amounting to one-ninth of the global population [1]. By 2050, the global population is
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expected to reach 9.8 billion, and the current global food production will need to increase by
50–70% to feed this growing population [1]. However, against this backdrop, 1.3 billion tons
of food is still wasted globally each year, representing one-third of total food production [2].
The United Nations reported in 2021 that the weight of global food waste from households
and the retail and food service sectors was about 931 million tons, accounting for 17% of
total global food production, with an estimated 79–118 kg of food waste generated per
capita per year [3]. Studies have shown that food waste has a significant negative impact on
ecological and economic sustainability, contributing to large carbon, water, and ecological
footprints, generating about 8% of the global greenhouse gas emissions annually [4] and
causing direct economic losses of about USD 1 trillion per year globally [5].

Against the backdrop of this global food waste situation, the situation regarding the
food waste produced by the student population is also not optimistic and has attracted
much attention from scholars [6]. According to the survey results, the amount of food
wasted in the United States is about 90 billion pounds per year, accounting for 40% of
its total food supply [7]. The average American college student wastes 88 g of food per
meal [8], and each American student loses 1200–1400 calories of energy and 33 g of protein
per day due to food waste [9]. In Europe, the level of food waste varies from country to
country, but the overall level of food waste remains high. In France, the average weight of
food wasted per student per meal is 70 g [10]; in Sweden, the average weight of food wasted
per student per meal in student canteens is 75 g, which is equivalent to 23% of the total
lunch supply in school canteens [11]; in Italy, the total food wasted by students accounts
for about 20–29% of the total weight of food [12,13]. Among developing countries in Asia,
about 19% of edible food in China is wasted at the consumption stage, with an annual
economic loss of USD 188.48 per capita due to food waste [14]. The annual amount of food
waste produced by Chinese urban residents is equivalent to about 440 × 108 m3 of water
resources and 460 × 104 hm2 of land resources [15]. Chinese college canteens produce about
1.74 million tons of food waste annually, generating 195.8 million m3 of biomethane [16].
The per capita food waste per meal produced by Chinese college students is 67.55 g, with a
per capita waste rate of 14.54%. The foodstuffs with the top three waste rates are vegetables
(16.79%), rice products (14.54%), and soybean products (13.25%), and those with the top
three waste amounts are pasta (43.03 g), rice products (33.99 g), and vegetables (31.07 g) [17].
In Vietnam, the average amount of food wasted per student at lunchtime is 23% of the
total food (about 85 g), which is estimated to be the equivalent of about 15.3 kg of food
per person per school year [18]. Among the developed countries in Asian, Japan wastes
6.43 million tons of food per year, which is equivalent to 1.7 times the amount of food aid
provided by the World Food Programme (WFP) in 2016 (about 3.8 million tons) [19]; in
terms of student food waste, the amount of food wasted by students in Japan accounts
for about 6.9% of the total amount of food [20]. There are few recent surveys and studies
on the status of food waste in Africa. Some studies show that the per capita food waste
in sub-Saharan Africa is 6–11 kg per year [4]; for food waste in the student population,
researchers measured the food waste in the canteen of Rhodes University in South Africa
and found that each student produced about 555 g of food waste per day [21].

According to UNESCO statistics, in 2022, the proportion of students worldwide in
relation to the total global population reached 33.4%, comprising one-third of Earth’s total
population, which indicates that against the backdrop of serious food waste around the
world, the total amount of food waste produced by the student population is huge, having
a huge negative impact on the sustainable development of the economy, society, and the
ecological environment, and thus the serious problem of food waste produced by the
student population needs to be solved urgently. At the same time, students are in a critical
period for their consumer behavior formation, and thus strengthening the study of food
waste in students not only helps to cultivate students’ good eating habits but also plays an
important role in the establishment of young students’ values and the formation of good
social customs. At present, international political and academic circles have paid extensive
attention to food waste, and the research contents focus on the measurement of the food
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waste level of residents, the analysis of food waste influencing factors, and other aspects,
and some of the literature has reviewed and analyzed the food waste measurement and
assessment methods, the driving mechanisms and so on [22,23]. The research perspectives
and results are relatively rich, and the number of studies is growing rapidly. However, a
comprehensive and systematic compendium of research on student food group waste has
not yet been established. Therefore, in this paper, we use CiteSpace scientometric software
to systematically sort the literature related to student food waste and visually present the
research hotspots and cutting-edge distributions in this field, with the aim of providing
references for the subsequent research on student group food waste. Based on this purpose,
we designed the questions addressed in this paper as follows:

• What are the publication trends in the field of food waste in student populations, the
countries/regions where the articles are published, and the overall historical process
of research in the field?

• What are the research hotspots in the field of food waste in the student population?
What are the main research areas in each country/region?

• What are the frontiers of research in the field of food waste in student populations?

2. Research Methodology

Bibliometrics and visual analytics allow for a more comprehensive and objective
analysis of the literature. With the rapid growth in the number of studies in the field of food
waste in student populations, the one-sidedness of the systematic literature review method
of summarizing the current state of research through a subjective approach is increasingly
apparent. In order to ensure the scientific validity of our research review, this paper used
econometrics and knowledge mapping methods to analyze and visualize the research field
of food waste in student populations and to systematically describe the current situation
regarding the research field of food waste in student populations around the world [24].

2.1. Use of Scientometric Analysis Software

The Web of Science Core Collection Database (WoSCC) is recognized by scholars as a
high-quality bibliographic database. It is the best database for bibliometric analysis [25]. In
order to present more comprehensive results of econometric analysis, taking into account
the quality of the literature and other factors, this paper took the abstract-type database
WoS Core Collection Database as the data source.

CiteSpace is a Java-based application for visualizing and analyzing the hotspots
and research frontiers of the scientific literature in a discipline or field of knowledge
over a certain period of time through econometrics, co-occurrence analysis, and cluster
analysis [26]. In this paper, we used the CiteSpace (versions 6.1.R6 and 6.2.R4) visual
analysis tool to visualize and map the literature information, analyze the current research
status in this field, and provide suggestions and prospects for future research. In the
mapping, N denotes the number of network nodes, E denotes the number of connections,
Density denotes the density of the network, and Modularity is the evaluation index of
network modularity (the larger the value of Modularity Q, the better the clustering effect
of the network, and a value of Modularity Q > 0.3 indicates that the obtained network
association structure is significant) [26]. The color and size of the nodes represent different
citation years and the number of citations. Word frequency refers to the number of times
a word appears in the analyzed literature—the greater the word frequency, the larger
the node, reflecting the core research hotspots in the field [27]. The Burst function of the
CiteSpace software can indicate the situation that the frequency of the use of titles, abstracts,
and keywords in a short period of time presents explosive growth, and the high-intensity
emergent keywords represent the academic frontier and hotspots within a certain period
of time.
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2.2. Data Collection and Exclusion

In this paper, meta-analysis (PRISMA) [28] was used for data collection in order to
obtain scientifically high-quality literature studies. The specific process is shown in Figure 1.
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Figure 1. Data collection process.

In order to encompass a more comprehensive breadth of the literature, the search
formula was set as subject = “students or adolescents” AND “food wast* or (leftover food or
wast*)”, where “*” indicates the inclusion of all waste-related words such as waste, wasting,
wastage, etc., to ensure complete search coverage. The search found that scholars focused
on food waste in the student population after 2000, so the time span was set from 1 January
2000 to 31 December 2023. As of 27 January 2024, a total of 630 articles were retrieved.

In order to improve the quality of the analyzed literature, we screened the 630 docu-
ments retrieved from WoSCC according to the following steps:

• Literature type screening: taking into account the credibility of the academic literature
and the depth of research, we excluded works other than articles, review articles, and
papers in press.

• Language selection: CiteSpace requires consistency in the language of the literature
in the database to ensure the degree of accuracy in the co-citation analysis and other
aspects. Therefore, we excluded non-English studies.

• Scoping of the study: as the study area was food waste in the student population,
we included studies from disciplines such as management, consumer behavior, and
food engineering related to food waste in order to collect research from different
disciplinary perspectives on a variety of topics related to the quantitative assessment
of food waste in the student population, the development of interventions, valuation,
and recycling, and many other aspects of food waste.

• Review of study titles and abstracts: we excluded articles that were clearly less rele-
vant to the field of food waste in the student population by reading the study titles
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and abstracts. During the exclusion process, since we could not accurately obtain a
definitive answer as to whether to keep the article or not just by reading the study title
and abstract, we scored the article (2 = definitely keep, 1 = unsure about keeping, 0 =
definitely do not keep) once we understood its content. The researcher would discuss
the articles with a score of 1, and if the discussion still resulted in disagreement, the
article was excluded. During this process, it was kept in mind that the main focus
of the study was food waste in the student population in order to more accurately
exclude all articles that did not fall within the scope of this research area.

• Software de-duplication: duplicates among the remaining studies were de-duplicated
using CiteSpace. Finally, 241 eligible articles were obtained.

2.3. Data Analysis

The 241 studies collected during the above process were imported into CiteSpace,
and the mapping parameters were adjusted according to the clarity and readability of
the spectrograms. In the CiteSpace graphs, N denotes the number of nodes, the size of
the nodes reflects the citation or frequency of occurrence of the data involved, and the
lines between nodes indicate the existence of connections between nodes. In order to
systematically describe the current state of research in the field of food waste in the student
population, this study analyzed the following four main areas.

• Basic situation analysis of the research field of food waste in the student population.
We statistically analyzed the time of publication and publication trend of the literature
in the field of food waste in the student population, the country/region of publica-
tion, and the overall research process in order to understand the overall overview of
published articles in this field.

• Content analysis of food waste research in the student population. By constructing
keyword clustering and literature co-citation analysis mapping, we summarized the
hot topics of research in this field.

• Analysis of future research trends in food waste in the student population. By con-
structing a time-series mapping of keywords, the research frontiers (future research
trends) in the field were inferred.

• Comparative analysis of research themes on food waste among students in different
geographical regions. Combined with the analysis of countries/regions where the arti-
cles were published and the analysis of research hotspots and frontiers, we compared
and analyzed the similarities and differences in the themes in the field of research
on food waste in student groups in different countries/regions, so as to present the
current status of the research themes in this field more clearly and comprehensively
from the viewpoint of geographic subregions.

3. Results of the Bibliometric Analysis
3.1. Publication Trends

The number of studies related to student food waste research published in inter-
national core journals from 2000 to 2023 was analyzed to obtain the overall progress of
research in this field. Twenty-seven articles were published from 2000 to 2013, with an
average of less than five articles per year. The number of articles began to show a general
rapid upward trend in 2014, reaching a peak of 34 articles in 2021. A total of 213 articles
were published during or after 2013, accounting for 88.38% of the total statistical literature
(Figure 2). This indicates that more scholars have begun to pay attention to the problem
of student food waste because of the increasing attention on the areas of student dietary
intake and nutritional health and economic, social and ecological sustainable development.
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3.2. Areas of Issuance and Analysis

CiteSpace software is used to visualize and analyze the region of origin of published
articles. Taking “Country” as the network node, the Pruning option selects Pruning sliced
networks and the Minimum Spanning Tree, and the rest of the parameters are set as the
default values to ensure the clarity and readability of the graphs. The graph contains
49 country or region nodes and 50 connecting lines. D (network density density) = 0.0425,
the network density is high, and the cooperation between countries is relatively close. The
knowledge graph is adjusted to obtain the graph of the number of articles issued by each
country/region (Figure 3). The size of each node in the graph represents the number of
articles published in the corresponding country/region, and the larger the node, the larger
the number of articles sent.
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We used CiteSpace’s statistical function to organize Table 1, presenting the volume
and centrality of the top five countries/regions in terms of the volume of articles. Among
the top five countries/regions, the United States ranked first with 110 articles, followed by
China (excluding Hong Kong, Macao, and Taiwan, the same below) with 19 articles, Spain
with 14 articles, Italy with 12 articles, and Australia with 9 articles. As can be seen from
the comprehensive data on the number of articles and centrality, most of the developed
countries/regions in Europe and the United States have a higher number of articles and
centrality in this field, reflecting the fact that these countries/regions pay more attention to
the food waste produced by student population, and their scientific research strengths are
also stronger, forming a strong academic influence in this field.
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Table 1. Top 5 Countries and regions in terms of number of articles and centrality.

Arrange in Order Volume of Publications Centrality States

1 110 0.64 USA
2 19 0.09 PEOPLES R CHINA
3 14 0 SPAIN
4 12 0.05 ITALY
5 9 0 AUSTRALIA

In terms of cooperation, the connecting lines between the nodes in Figure 3 indicate the
existence of cooperation between the countries/regions represented by nodes, and a higher
number of connecting lines between two nodes indicates greater cooperation between the
two countries. The United States, Turkey, and the Netherlands are the three countries with
the most cooperation with other countries/regions, indicating that these three countries
have good cooperative relationships with other countries/regions, respectively, indicating
that these three countries have good cooperative relationships with more countries/regions
and undertake more comprehensive and in-depth research in this field. In general, the
cooperation of scholars from different countries/regions in this field is closer, laying a good
foundation for more in-depth research in this field in the future.

3.3. Content of the Study
3.3.1. Trends in the Evolution of Research Content

These data were extracted by creating a data extraction form and entering data into a
Microsoft Excel worksheet. The articles were categorized according to the authors of the
study, the geographic region and the time of publication, and the analysis of the relevant
policies enacted worldwide; the number of annual publications and keywords shows that
the research in this field can be roughly divided into the starting period (2000–2010), the
exploration period (2011–2015) and the development period (2016–2023).

(1) Start-up period (2000–2010)
In 1999, the UN Committee on Economic, Social, and Cultural Rights developed the

concept of The Right to Adequate Food, which guides the UN’s approach to global food
security governance [29]. In 2000, the United Nations Millennium Declaration was issued
at the Millennium Summit, calling on states to take action in areas related to poverty
reduction, sustainable development, and fighting against hunger and disease [30]. Against
this backdrop, food waste among students has come to the forefront, with food waste
being the most important keyword at this stage, and research has focused on measuring
the amount of food waste produced by students and developing interventions from the
perspectives of school education, food provision, and food variety.

(2) Exploratory Period (2011–2015)
The number of articles in this phase increased steadily. The Healthy and Hunger-

Free Kids Act was enacted in 2010, and the National School Lunch Program (NSLP) was
implemented in the USA in 2012–2013. Influenced by these policies, a large number of
European and American scholars began to quantitatively measure and comprehensively
assess student food waste and explore its influencing factors from a more novel perspective.
At that stage, modern technologies such as digital imaging were introduced to quantify
student food waste. The keywords plate waste and school lunch began to appear. As
the topics of ecological environment and sustainable development have received closer
attention, academic and political circles have begun to link research in this field with
ecological and environment issues. In 2013, the Food and Agriculture Organization of
the United Nations (FAO) released the report “Food Waste Footprint: Impact on Natural
Resources”, which, for the first time, analyzed the consequences of food waste on the
climate, soil, and water use, etc., from the perspective of environmental protection. The
signing of the Paris Agreement in 2015 laid down the legal basis and basic framework for a
reduction in greenhouse gas emissions by the international community, directly giving rise
to the goal of “carbon neutrality” at the global and national levels and providing strategic
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guidance for scholars in various countries to strengthen their research on combatting
food waste and to promote the sustainable development of the economy and ecological
environment.

(3) Development Period (2016–2023)
In 2016, the United Nations issued the 2030 Agenda for Sustainable Development,

which clearly states that reducing food waste is important for food security and that
countries should take measures to prevent food waste. The issue of food security has
received widespread attention due to the impact of the COVID-19 pandemic and the
Russian–Ukrainian conflict. The Global Food Waste Survey Report 2021, published by
Waste Watcher International Observatory, proposed a generalized approach to curbing
global food waste as well as more universal interventions for student food waste inter-
ventions. During this period, scholars began to analyze the impact of mealtime emotions,
Confucian culture, food-theme education, menu types, familiarity with food, and food
the types of food offered on students’ food waste, with a rapid increase in keywords and
publications, and the trend of interdisciplinary research began to emerge, with research
further deepening and refining.

3.3.2. Research Hotspots

Keyword clustering is a network cluster formed by keywords belonging to the same
research topic in a research area, which can clearly present the topic categories to which the
research hotspots in the area belong. CiteSpace software was used for the visualization and
analysis of the issuing regions, the database time span was set as 2000–2024, and the time
slice was selected as 1 year. Taking “Keyword” as the network node, in order to ensure
the clarity and readability of the mapping, the threshold was set to TopN = 60, i.e., the
keywords with the top 60 occurrences in a year formed the network mapping, and the rest
of the parameters were set to their default values. The log-likelihood ratio (LLR) algorithm
of CiteSpace was applied to generate keyword clustering labels (Figure 4) to present the
distribution of hot topics of research in the field. The knowledge graph was adjusted to
obtain the keyword clustering analysis visualization graph of the field (Figure 4). There are
275 keyword nodes and 541 node links in the graph; the network density is 0.0144. The
Modularity Q and average profile value (S) in the graph are two indicators that can be
used to test the trustworthiness of clustering; in general, clustering with a Modularity Q
above 0.3 and S above 0.5 is considered reasonable, and clustering with an S above 0.7 is
considered efficient and very plausible [31]. In the figure, the Modularity Q value is 0.6813,
and the S value is 0.9538, which indicates that the network association structure obtained is
significant and the clustering results are highly credible.
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As can be seen from Figure 4, keywords in this domain can be categorized into
seven clusters, with smaller cluster labels indicating that they contain more keywords. The
clusters are as follows: #0 food waste, #1 plate waste, #2 school lunch, #3 dietary assessment.
#4 consumer behavior, #5 breakfast in the classroom, #6 cafeteria programming.

Co-citation analysis can present studies that contribute most to the research in this
field, while co-citation emergence analysis can present the studies that experience a sudden
increase in the number of citation volume in a short period of time, reflecting the works
that contribute more to the field in different periods of time, thus reflecting the shift in
research focus. A sudden increase in the number of co-citations of an article in a certain
year indicates that it has suddenly received a lot of attention in that year.

Taking “Reference” as the network node, the statistical analysis of studies’ co-citation
information was carried out on the basis of a literature co-citation analysis. In order to
ensure the clarity and readability of the results, the Pruning option was set to select Pruning
sliced networks and the Minimum Spanning Tree, f(x) = αe−αx, α1/α0 = 1.0, γ = 0.5, and
the rest of the parameters were set to their default values. A total of five co-cited emergent
studies were obtained, as shown in Table 2.

Table 2. Top 3 studies with the highest co-citation emergence intensity.

Author Year of
Publication Title

Citation
Breakout
Starting Year

Citation
Breakout
Termination
Year

Burst
Strength

Cohen JFW
[32] 2013 School Lunch Waste Among Middle School

Students: Nutrients Consumed and Costs 2014 2018 9.07

Schwartz MB
[33] 2015

New School Meal Regulations Increase Fruit
Consumption and Do Not Increase Total
Plate Waste

2016 2019 6.8

Cohen JFW
[34] 2014

Impact of the New US Department of Agriculture
School Meal Standards on Food Selection,
Consumption, and Waste

2015 2019 6.72

As shown in Table 2, the articles with the highest burst intensity were written by
Cohen, JFW, and other scholars. This study was the first to quantify the nutritional loss
caused by students’ food waste in a precise way [32], presenting the negative consequences
on students’ nutritional intake and health. This article’s long duration of emergence from
2014 to 2018 and the difference in its emergence intensity compared with the article in
second place suggests its significance in encouraging scholars to enhance research on food
waste in student populations in relation to their dietary intake and nutritional health.

The article with the second highest emergent intensity was authored by Schwartz, MB,
and other scholars. This study found that since the enactment of the Healthy, Hunger-Free
Kids Act in 2010, main dish waste among students at mealtime has decreased by nearly
20%, and entree waste has decreased as well [33], demonstrating the important role of
macro-policy interventions in reducing student food waste.

The article ranked third in terms of strength of emergence was published by Cohen,
JFW. The emergence period lasted four years, from 2015 to 2019. This article found that
policies dedicated to improving the quality of young people’s meals increase youth food
waste [34]. The conclusion has a strong practical significance for policy making.

Upon combining the analysis of the keywords with a high frequency of occurrence and
the literature co-citations included in each cluster, it was found that the field of student food
waste is an interdisciplinary research area related to many fields, such as statistics, behavior,
psychology, management, nutrition, etc., with the following three major categories:

(1) Measurement of student food waste
The accurate measurement of the amount of food waste is the prerequisite and foun-

dation for the formulation of food waste mitigation policies. As scholars have paid more
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attention to the field of student food waste research, scholars have begun to try to apply
simpler and more accurate methods to measure the amount of student food waste. For
example, Wallen et al. found that the use of the Day in the Life Questionnaire-Colorado can
better measure the amount of food waste produced in the dining process of fourth-grade
students [35]. Panizza et al. used the Mobile Food Record to investigate the amount of
plate waste and how it was disposed of by adolescent girls, making it less difficult to
quantify, thus representing a useful tool for measuring plate waste throughout the day [36].
Taylor et al. found that digital imaging was highly reliable in assessing children’s consump-
tion of fruits and vegetables during the school lunch period and that this method could
significantly reduce the time and labor costs required to measure food waste levels with
essentially no change in the precision of the measurements [37]. Chapman et al. found that
categorizing wasted food and then measuring the weight of wasted food in each category
provided a better estimate of the weight of food wasted on individual plates [38]. Malefors
et al. developed and used a new automated waste quantification tool to more accurately
quantify the level of student food waste, with a 10% increase in accuracy over traditional
measurements [39]. In addition to quantifying the amount of food wasted by students,
some articles have also quantified the ecological and economic impacts of student food
waste. For example, Wang et al. found that Chinese university cafeterias produce about
1.74 million tons of food waste annually, generate 195.8 million m3 of biomethane [16],
indicating the negative impacts of students’ food waste on ecological and economic sus-
tainability and providing basic data for understanding the current situation of food waste
in the student population and designating intervention measures.

(2) Factors affecting students’ food waste
The factors that drive students’ production of food waste include both individual stu-

dent characteristics, such as age, gender, and disposable income, as well as external factors,
such as mealtime, mealtime environments, quantity and type of food, and the availability
of specific foods. Regarding the influencing factors directly related to students themselves,
Pandey et al. found that attitude towards food waste, self-efficacy, and concern for the
environment significantly influenced the behavioral intention and, ultimately, behaviors
related to reducing food waste; students’ positive emotions and familiarity with food signif-
icantly influenced food waste behavioral attitudes, while familiarity with food significantly
influenced food waste behavior [40]. Ozanne et al. found that the most important factor
contributing to food waste among college students was a lack of meal planning and food
consumption planning(e.g., not making a shopping list before shopping, not meal planning,
etc.) [41]. In terms of influences that are not directly related to students themselves, Blondin
et al. found that factors such as the palatability of the food and the ease with which students
could access the food had an impact on students’ food waste the level of food waste [42].
Chapman et al. found that the introduction of reverse breaks (rescheduling lunch break
from after lunch to before lunch) was associated with an increase in fruit consumption and
that eating lunch earlier was associated with a decrease in the consumption of entrees and
milk while delaying lunch was associated with a decrease in the consumption of entrees
and milk [43]. This provides new ideas for exploring how meal times affect the level of
food waste among students.

(3) Students’ food waste behavior intervention measures
How effective are the implementations of programs related to reducing student food

waste? How can they be evaluated, and how can effective policy recommendations be
formulated? Scholars have developed and implemented measures to reduce student food
waste based on multiple dimensions. For example, Prescott et al. found that enhanced
food education, such as sharing food knowledge with peers, could reduce students’ food
waste [44]. Adams et al. designed an experiment to evaluate the relationship between the
introduction of salad bars in schools and the level of fruit and vegetables wasted during
students’ lunches and proposed reducing the level of students’ food waste by offering
specific food items [45]. Connors et al. found that increased education on food purchasing,
cooking, and storage practices was effective in reducing student food waste [46]. Wansink
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et al. found that changing the shape of trays (e.g., avoiding rectangular trays in favor
of square or pentagonal trays) or reducing the size of trays could reduce student food
waste [47]. Dogdu et al. found that the design of packaging in terms of shape, size, depth,
width, and material may increase the level of food waste if it increases the ease with which
the consumer can consume the food [48]. Zhao et al. conducted a more systematic study on
barriers to and factors influencing food waste among students and proposed interventions
such as improving food quality and taste, extending meal times, and allowing students to
choose their own lunch and to share and save leftovers [49]. Qian et al. found that watching
food-saving videos, as opposed to traditional posters, slogans, and logos, could increase
the effectiveness of food waste promotion campaigns and, in turn, reduce the levels of food
waste [50]. Shanks et al. found that high school students preferred nonfat flavored milk in
their milk consumption and that milk waste could be reduced by making nonfat flavored
milk more widely available to high school students [51]. Malefors et al. found that 60%
of the total food waste was generated by a minority group of 20% of students and that
halving the amount of food waste generated by this group could cause a 31% reduction in
total food waste. Interventions should, therefore, be tailored to the high-food-waste group
rather than applied consistently to all students [39].

3.3.3. Research Frontiers

On the basis of keyword clustering (Figure 4), in order to ensure the clarity and
readability of the map, k = 20 in the g-index was adjusted to produce Figure 5, which
presents the time sequence of research keywords in this field. The keyword frequency and
centrality analysis, keyword clustering analysis, and categorizing the themes belonging to
the keywords appearing in Figure 5 in recent years (2022 and 2023), as well as the research
frontier in the field of student food waste, can be analyzed.
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The research frontiers in this field in recent years are mainly reflected in the following
three areas:

(1) Food waste among students in developing countries
Since the field of student food waste first began to receive academic attention, most

studies have focused on developed countries. With the rise in income levels in developing
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countries, food waste is becoming more and more serious, having a certain impact on the
sustainable development of the social ecology [27]. For this reason, more and more scholars
have begun to pay attention to the food waste of student groups in developing countries,
and they have mainly carried out basic research on the quantification of food waste in
student groups, the exploration of demographic factors influencing food waste, and the
assessment of loss costs. For example, Wang et al. estimated the methane generated from
food waste produced by 2344 universities in 353 cities in China. Their results showed that
campus canteens produce 1.74 million tons of food waste annually, produce 195.8 million
m3 of biomethane, and reduce 0.77 million tons of CO2-eq [16]. Malibari et al. conducted a
survey on the food waste of college students in the Kingdom of Saudi Arabia and found
that 68% of the respondents leave plate waste when they have a meal, more than 70% of the
respondents have a positive attitude towards reducing food waste, and at least 25% of the
respondents believe that packing unused food and bringing it back is a good food waste
intervention [52]. Nguyen et al. found that Vietnamese primary school students wasted
an average of 85 g during lunch. In the main course, the amount of rice waste was the
smallest, and the amount of vegetable waste was the largest; boys’ food waste levels were
lower than girls, and reducing portion sizes and improving the taste and quality of food
could reduce food waste among primary school students [18]. Qian et al. found students
in southern China who consumed rice-based diets had higher levels of food waste than
students in northern China who consumed wheat-based diets [53].

(2) Student Food Waste and Dietary Intake and Nutritional Health
The enactment of the Healthy Hunger-Free Kids Act (HHFA) and the National School

Lunch Program (NSLP) in the USA sparked social concerns about student meals and their
dietary health. Academics have begun to examine the issue of food waste among students
to understand their true dietary intake and to target interventions to improve their health
by addressing dietary deficiencies. For example, Appelhans et al. used a technology-based
system to collect data and generate feedback on student food choices and plate waste
and built on the standards set for school meals by the Healthy Hunger-Free Kids Act to
keep parents, schools, food service providers, and teachers informed about school meals,
particularly with regard to student plate waste and true nutritional intake [54]. Student
plate is an important criterion for evaluating student nutritional intake [55]. Ilic et al.
hoped to improve the implementation of meal nutrition policy standards by reducing the
amount of waste from standardized school meals., and found that food types, personal
preferences, and food availability all had an effect on the amount of food wasted by primary
school students, with personal preferences having the most significant effect [56]. In 2020,
the government-funded Healthy School Lunch Program was implemented in schools in
more economically disadvantaged areas of New Zealand. McKelvie-Sebileau conducted
interviews with student’s family members, students themselves, and school principals to
assess the impact of the introduction of the school lunch programs on students’ level of food
waste. This study found that nutritional loss or the inadequate absorption of nutrients by
students was also classified as food waste. This study highlights the essential involvement
of students and their family members in the design of school lunch programs in specific
school settings [57].

(3) Behavioral Perspectives on Student Food Waste
In recent years, academics have begun to combine behavioral theories to conduct

more in-depth research on the mechanisms that generate students’ food waste behaviors
from the perspectives of behavioral control, cognition and consciousness, individual and
group decision-making, and behavior and attitude. For example, Piras et al. found that
food education programs only have a short-term effect on reducing students’ food waste
and that students’ food waste levels are affected by the food waste behaviors of their
peers around them [58]. Banna et al. investigated the relationship between cognitive
constraints, behavioral control, emotional eating, and food waste among girls aged 9–13
years old [59]. Pandey et al. found that while improving students’ self-efficacy, improving
students’ attitude toward food waste and increasing their concern for the environment may
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reduce their food waste behavior [40]. Theories from behavioral disciplines, such as the
Theory of Planned Behavior and its extended model and Social Practice Theory, have been
incorporated into cutting-edge research in the area of student food waste. Academics have
begun to pay more attention to the relationship between students’ food waste, individual
decision-making behaviors, and other people’s food consumption behaviors in the specific
context of school cafeterias. Interdisciplinary research has become one of the most important
avenues for in-depth studies in this field [60].

3.3.4. Research Priorities by Country/Region

The field of food waste research in student populations has received increasing
attention from scholars due to policy drivers, growing ecological concerns, and other
drivers. Currently, scholars from the United States, Europe, Asia, and even African coun-
tries/regions have conducted research in this area. However, due to the different research
levels and perspectives in different regions, the focus of the research is also different. In
order to compare and analyze the similarities and differences in the themes of different
regions in the field of food waste research in the student population, we categorized the
articles according to the authors of the studies, the geographic regions, the types of research,
and the topics of research by creating a data extraction form and entering the data into a
Microsoft Excel worksheet. Based on the above analysis of research hotspots and frontiers,
we further summarized the past research focuses of scholars in each country/region in
this field and presented a clearer and more comprehensive picture of the current status of
research topics in this field from the perspective of geographic subdivisions.

(1) The USA’s Research Priorities
Specifically, in the USA, due to the enactment of the Healthy Hunger-Free Kids Act in

2010 and the implementation of the National School Lunch Program (NSLP) in 2012–2013,
research is mainly targeted at elementary and middle school students, driven by these
two important policies. Currently, there are more studies in this field in the USA, and
the research perspectives include the quantification of food waste in student groups, the
exploration of influencing factors, the assessment of costs and loss, and the analysis of
the attitudes of students and food providers, which are relatively novel and in-depth.
The current research in this field in the United States focuses mainly on the design and
evaluation of measures to reduce food waste among students. For example, Wansink
et al. found that although growing vegetables in school gardens can increase students’
knowledge of diet and nutrition and their purchasing of salads made with vegetables grown
in school gardens, students did not consume all of the vegetables they purchased, thus
significantly increasing the amount of wasted salads, which could be reduced by improving
the appearance of these foods and pairing them with other popular foods [61]. Alattar
and Morse developed, piloted, and evaluated a cafeteria food waste diversion program
that was successful in reducing student food waste by having them personally observe
and weigh plate waste [62]. In addition, scholars in the United States have investigated
and studied food waste in terms of knowledge, attitudes, and barriers to interventions in
student populations. For example, Alattar and Morse found that the interviewed students
had a certain understanding of the effects of food waste, and had a positive attitude towards
reducing food waste [62]; Mitchell et al. found that there were gaps in the knowledge and
attitudes about the environment and food system among students of different races, with
white students scoring significantly higher on their combined knowledge of food waste
and climate change and food stewardship [63]; Zhao et al. conducted a survey on current
barriers to reducing plate waste among student populations, and their results showed
that the main barriers to reducing plate waste in schools were the low-level support of
school policies, low food quality, and poor food taste, which led to the development of
interventions such as improving food quality and taste, providing more time for students
to finish their lunches, allowing students to choose their own food for lunch, and allowing
students to share and save leftovers themselves [49]. The United States is the leading
country in this area of research, with more innovative perspectives on both the influencing
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factors and the development of interventions compared with studies in other countries. A
survey on the attitudes and knowledge of the student population about food waste prior to
the development of food waste interventions for the student population would be helpful
in developing more targeted interventions.

(2) European Research Priorities
The focus of research varies across European countries. For example, Sweden focuses

on food waste among student populations of all ages, while the rest of the European
literature on food waste in schools focuses mainly on elementary schools [64]. In general,
European scholars focus more on the behavioral perspective in this field. For example,
Principato et al. examined the factors that influence changes in food waste behavior among
student groups. The results of this study showed that the greater the students’ awareness
of food waste, the more likely they were to reduce food waste; the greater their concern
for food freshness, the higher the level of food waste; and the greater their awareness of
the consequences of food waste, the greater the likelihood of having food purchases on
their shopping lists, which can help to reduce the irrational consumption of food and food
waste [65]. Piras et al. found that students’ food waste levels were consistent with the
food waste levels of students sitting near them, suggesting that students’ food waste levels
were influenced by the food waste behaviors of those around them due to observation and
imitation behaviors [58]. Lorenz et al. found that college students’ behavioral intention to
reduce food waste was closely related to their food waste levels; behavioral intentions to
reduce food waste were determined by attitudes, behavioral control, and subjective norms
to reduce food waste [60]. As the discipline of behavioral science develops, the field of
student food waste will become increasingly rich in its perspectives and in-depth analyses
of the causes of food waste in student populations.

(3) Asian Research Focus
In Asia, there is a difference in research focus between developing Asian countries

(e.g., China, Vietnam, and Malaysia) and developed Asian countries (e.g., Japan and
South Korea).

Scholars from developing countries in Asia have mostly focused on quantifying the
level of food waste among university students and exploring the factors that influence it.
In terms of quantifying the level of food waste among students, Qian et al. conducted a
questionnaire survey among 9192 students in China and found that 74% of the students had
generated food waste in the university cafeteria, and each student generated 61.03 g of food
waste per meal, with wheat (25.78%), rice (20.36%) and vegetables (18.61%) taking up the
largest proportion [1]. Liu et al. used a combination of physical weighing, a questionnaire
survey, and a semi-structured interview to quantify the level of food waste produced from
school lunches in Beijing, China. The results of this study show that the average amount
of food waste generated by school students in Beijing in 2014 was 130 g/meal, which
accounted for 21% of the total meals, with staple food and vegetables accounting for the
highest proportion, at 43% and 42%, respectively [66]. Nguyen et al. measured the plate
waste among approximately 1700 primary school students in suburban areas of Vietnam
and found that, on average, 23% of the food was wasted per student at lunchtime (about 85
g), which corresponds to 15.3 kg of food wasted per student over the course of a school
year. This study provides basic data on food waste among student populations in low- and
middle-income countries [18]. As for the investigation of the factors affecting students’ food
waste, Wu et al. found that plate waste was significantly related to grade and economic
status; the lower the education level and the higher the disposable income, the higher the
level of food waste, and male students wasted significantly less staple food than female
students [67]. Zhang et al. found that the level of food waste of students in universities
was significantly correlated with the age and gender of the students; for example, the level
of food waste of senior students was higher than that of freshmen, and the food waste
level of male students is lower than that of female students [68]. Qian et al. found that
there is a correlation between students’ body size and food waste. That is, the lower the
body mass index (BMI) value, the higher the level of food waste. The association between
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BMI and food waste was greater for males than for females, and the association between
BMI and food waste was greater for people from northern China than for people from
southern China [69]. Some scholars also focus on the influence of the dining environment
on students’ food waste levels. For example, Liu et al. found that the amount of student
food waste caused by buffets was smaller than that caused by boxed lunches. The food
supply mode, cafeteria service quality, eating habits, and knowledge of food production are
the main factors affecting the level of food waste among students [66]. Zhang et al. found
that improving the quality of food and appropriately reducing the quantity of food can
reduce the level of food waste among students [68]. Currently, developing countries have
begun to emphasize the sustainable development of the economic and social ecology and
advocate for a green and low-carbon lifestyle and consumption [27], and the number of
studies in this field is rapidly increasing. However, in general, the total number of studies
in developing countries in Asia is relatively small, and the research perspectives are still
relatively homogenous. The research in this area needs to be deepened.

Scholars from developed Asian countries have conducted fewer studies on food waste
among students, focusing on the factors affecting food waste among primary and secondary
school students and the development of related interventions. Compared with developing
countries in Asia, scholars in developed Asian countries have conducted more surveys
on students, teachers, and dietitians to explore the impact of school dietary education on
food waste and to propose food education interventions based on the recommendations
of various parties. For example, Izumi et al. used interviews, observations, literature
reviews, and other methods to investigate students, teachers, and other people, explored
the factors affecting the food waste produced by elementary school students in Tokyo,
and found that optimizing menu design, increasing students’ knowledge of unfamiliar
and disliked foods, incorporating food and nutrition education into the school curriculum,
and extending the students’ mealtime were effective in reducing students’ food waste [70].
Baik et al. found that students with food waste habits usually have poor behaviors such
as an insufficient intake of vegetables, choosing foods based on preference only, poor
table manners, and eating street food and biscuits/drinks/fast food, and concluded that
parental food education practices play an important role in shaping the diets of students
and reducing the level of food waste [71].

In general, research on student food waste has focused on primary school students,
followed by secondary school students and university students [64]. These research efforts
involved quantifying and assessing the level of student food waste, exploring the factors
affecting student food waste and intervention measures, quantifying the impact of student
food waste on the sustainable development of the economy and the ecological environment,
and investigating the attitudes and perceptions of students, teachers and other relevant key
groups on food waste, etc., cultivating a relatively rich research perspective and providing
a more comprehensive perspective and research basis for future scholars’ research in
this field.

4. Discussion
4.1. Findings

Against the backdrop of increasing global scarcity of arable land resources, reducing
food waste is essential to improving future food supplies and achieving sustainable food
systems [23]. As a complex, multidisciplinary, and international issue, food waste has
received increasing attention from scholars. In this context, this paper reviews 241 articles
related to student food waste research with the help of CiteSpace bibliometric analysis
software. First, based on the analysis of the overall trend of food waste articles in the
student population, this study maps the volume of articles and analyzes the national and
regional partnerships. Second, the evolution process of research in the field of student food
waste is broadly categorized into the starting, exploratory, and developmental periods.
Third, combining keyword and co-citation analysis, three hotspots of research in the field
are identified, namely measurement of student food waste, exploring the influencing factors
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of students’ food waste, and developing interventions for students’ food waste behavior,
while three frontiers are identified, namely student food waste in developing countries,
student food waste and dietary intake and nutritional health, and the food waste of students
from behavioral perspectives. Fourth, the research focuses on three countries/regions,
namely, the United States, Europe, and Asia, which were organized and summarized.

This study has the following three levels of marginal contributions:
First, the existing literature has been reviewed from the aspects of food waste behav-

ior [72] and food waste intervention measures [73], etc., and we found that there are fewer
systematic analyses of the food waste behavior of student populations in the literature. With
the help of CiteSpace software, this study systematically reviewed the academic progress in
student food waste research since 2000 and revealed the intrinsic linkage mechanism of the
three phases of academic food waste research. This addresses the problem with previous
reviews of food waste research, which did not adequately reveal temporal changes.

Second, this study identifies the research on food waste in the student population from
multiple dimensions, such as research hotspots and research frontiers. With the help of
charts and graphs to achieve the expansion of the analysis, as well as an in-depth discussion
of the current situation and the development trend of research in the field of student food
waste, the results of this study can provide direction and ideas for subsequent research.

Third, this study conducted a comparative analysis of the current status of food
waste research in the student populations in the United States, Europe, and Asia from the
perspectives of research perspective, research methodology, and research content, and the
results of this study can provide lessons and references for student food waste research and
policy development in different regions.

4.2. Research Gaps and Suggested Directions

First of all, different countries and regions have different economies and cultures,
and different students’ dietary patterns are also quite different [68,69], so the focus of
research on food waste among students in different countries/regions is also different. The
next step in food waste research can be to explain the background and regional effects
of food waste among students from the perspective of cultural anthropology and other
theoretical perspectives, such as the level of economic development and differences in
culture and customs, in order to reveal the internal mechanism of producing food waste
among students in different regions and to provide a reference for the formulation of
targeted anti-food waste policies.

Second, in some countries and regions, the nutritional intake of students exceeds
their nutritional requirements, resulting in over-nutrition, which has led to a high rate of
obesity among students. From the perspective of dietary health, food intake in excess of
physiological needs should also be regarded as a kind of waste, described as “hidden food
waste”. Existing research lacks a systematic exploration of “hidden food waste”. In this
context, improving our understanding of “hidden food waste”, scientifically measuring
the amount of “hidden food waste”, and exploring the influencing factors of “hidden food
waste” from the theoretical perspectives of economics, nutrition, and behavioral science are
of great significance in reducing unreasonable food demand, improving the reasonable diets
of the student population, and promoting the sustainable development of the food system.

Third, according to the above, the existing research on food waste in student groups
mostly focuses on the consumption side, and there are few discussions on student food
waste from the perspective of the food supply chain. Subsequent studies can be broadened
to include the production and distribution of student meals so as to explore the root causes
of reducing food loss and waste in student groups from the perspective of the whole chain
and to provide support for the formulation of a more comprehensive and targeted anti-food
waste policy.

Finally, in the era of the digital economy, social media is the main channel for com-
munication, obtaining information, and self-expression among student groups, especially
middle school and college students. In this context, the influence of social media, such
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as Facebook and WeChat, on the food waste produced by student groups has become a
new issue of concern. Elucidating the mechanism by which information on social media
influences students’ eating behaviors provides theoretical support for creating a healthy
eating atmosphere, formulating food waste intervention measures, and guiding students to
develop good eating habits.

In this paper, we obtained relevant studies from the WoSCC database to develop
a knowledge graph visualization and analysis, presenting the current status, hotspots,
and trends of research in the field of food waste in the student population in a more
comprehensive way. However, the following limitations exist:

First, this paper uses the WoSCC database as the data source, but the literature in this
database is mainly in English, meaning that it cannot summarize the research on mobile
libraries in all countries and regions, so there may be some partiality in the selection of the
research samples. Second, the screening of the retrieved articles was performed manually,
which is not 100% accurate due to human subjectivity, so there may be some errors in the
literature data.

5. Conclusions

Due to reasons policy-driven reasons, scholars are paying increasing attention to
students’ dietary intake, nutrition, health, sustainable development of the ecological envi-
ronment (e.g., the sustainable use of resources and environmental protection), sustainable
development of social economy (e.g., rational consumption and reduction of economic
losses) and other fields, and more scholars have begun to pay attention to students’ food
waste. This field is receiving increasing attention from academic circles. The United States is
the country with the largest amount of research in this field, the greatest academic influence,
and the most frequent cooperation with other countries.

In terms of research content, first, from the perspective of the research process, the
research in this field can be roughly categorized into the starting period, the exploration
period, and the development period. Second, from the perspective of research hotspots and
research frontiers, scholars’ studies in this field are divided into three research hotspots:
namely, the measurement of students’ food waste, the exploration of influencing factors for
students’ food waste, and students’ food waste behavioral interventions, as well as three
frontier topics, namely student food waste in developing countries, student food waste
and dietary intake and nutritional health, and the food waste of students from behavioral
perspectives. In terms of the content of the research focus of scholars in this area, the focus
of scholars in each country/region is different. Scholars in the United States mainly focus
on primary and secondary school students in this field and also pay more attention to the
knowledge and attitudes of students, teachers, student food service workers, and other
relevant people regarding food waste in the student population, as well as their views on
the main obstacles to intervening in student food waste, and the research perspectives they
choose are relatively new, making the USA the leading country in this field of research.
Europe focuses on behavioral research and the development of interventions in this area.
Scholars from developing countries in Asia focused on quantifying the level of food waste
among college students and exploring the factors that influence food waste. Scholars from
developed Asian countries focused on exploring the factors that influence food waste
among primary and secondary school students and developing interventions. Scholars
from developed Asian countries have also proposed food education interventions based on
surveys of students, teachers, and dietitians, as well as gaining recommendations from a
variety of sources.

Based on the results of the above research, this paper proposes that future research
seeks to explain the background and regional effects of student food waste from the
perspective of cultural anthropology and other theoretical perspectives and reveal the
internal mechanism of student food waste in each region, pay attention to the “hidden food
waste” of students from an interdisciplinary perspective, explore the food loss and waste
produced by students from the perspective of the whole chain of student meal production
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and distribution, clarify the mechanism of information on social media such as Facebook
and WeChat influencing students’ eating behavior, and use social media scientifically to
guide students to develop good eating habits, further deepen the research in this field.

Author Contributions: Conceptualization, J.J. and W.Z.; methodology, W.Z.; software, J.J.; validation,
W.Z. and J.J.; formal analysis, J.J.; investigation, J.J.; resources, W.Z.; data curation, J.J.; writing—
original draft preparation, J.J.; writing—review and editing, J.J.; visualization, J.J.; supervision, W.Z.;
project administration, W.Z.; funding acquisition, W.Z. All authors have read and agreed to the
published version of the manuscript.

Funding: This research was funded by the Major Project of the National Social Science Fund in 2020:
Research on Social Co-Governance and Cross-border Cooperative Governance Mechanism of Food
Safety Risks, grant number 20&ZD117.

Data Availability Statement: Data generated or analyzed during this study are available from the
corresponding author upon request.

Conflicts of Interest: The authors declare no conflict of interest.

References
1. Qian, L.; Li, F.; Cao, B.M.; Wang, L.G.; Jin, S.S. Determinants of food waste generation in Chinese university canteens: Evidence

from university students. Resour. Conserv. Recycl. 2021, 167, 105410. [CrossRef]
2. Gupta, Y.; Bhattacharyya, S.; Vlachos, D.G. Extraction of valuable chemicals from food waste via computational solvent screening

and experiments. Sep. Purif. Technol. 2023, 316, 123719. [CrossRef]
3. UNEP. Food Waste Index Report 2021 United Nations Environment Programme, Nairobi. 2021. Available online: https://www.unep.

org/resources/report/unep-food-waste-index-report-2021 (accessed on 18 February 2024).
4. Feijoo, G.; Moreira, M.T. Fostering environmental awareness towards responsible food consumption and reduced food waste in

chemical engineering students. Educ. Chem. Eng. 2020, 33, 27–35. [CrossRef]
5. Nguyen, T.T.T.; Malek, L.; Umberger, W.J.; O’Connor, P.J. Motivations behind daily preventative household food waste behaviours:

The role of gain, hedonic, normative, and competing goals. Sustain. Prod. Consum. 2023, 43, 278–296. [CrossRef]
6. Boschini, M.; Falasconi, L.; Cicatiello, C.; Franco, S. Why the waste? A large-scale study on the causes of food waste at school

canteens. J. Clean. Prod. 2020, 246, 118994. [CrossRef]
7. Feldpausch, G.; Campbell, C. Evaluating Food Waste Knowledge, Attitudes and Behaviors in College Students at a Midwestern

University. J. Nutr. Educ. Behav. 2021, 53, S24. [CrossRef]
8. Ellison, B.; Savchenko, O.; Nikolaus, C.J.; Duff, B.R. Every plate counts: Evaluation of a food waste reduction campaign in a

university dining hall. Resources. Conserv. Recycl. 2019, 144, 276–284. [CrossRef]
9. García-Herrero, L.; Costello, C.; De Menna, F.; Schreiber, L.; Vittuari, M. Eating away at sustainability. food consumption and

waste patterns in a US school canteen. J. Clean. Prod. 2021, 279, 123571. [CrossRef]
10. Rigal, N.; Courcoux, P.; Cardinal, M.; Huc, M.L.; Beraud, A. Plate waste increases with the number of foods proposed: An

exploratory experimental study in adolescents’ school. Appetite 2022, 178, 106005. [CrossRef]
11. Eriksson, M.; Osowski, C.P.; Malefors, C.; Björkman, J.; Eriksson, E. Quantification of food waste in public catering services—A

case study from a Swedish municipality. Waste Manag. 2017, 61, 415–422. [CrossRef]
12. Boschini, M.; Falasconi, L.; Giordano, C.; Alboni, F. Food waste in school canteens: A reference methodology for large-scale

studies. J. Clean. Prod. 2018, 182, 1024–1032. [CrossRef]
13. García-Herrero, L.; De Menna, F.; Vittuari, M. Food waste at school: The environmental and cost impact of a canteen meal. Waste

Manag. 2019, 100, 249–258. [CrossRef]
14. Wang, R.; Lu, S.; Zhou, L.; Yang, Z.; Tang, Z.; Zhao, M.; Cheng, G. Assessing nutritional and economic aspects of food loss and

waste in China. Sustain. Prod. Consum. 2023, 42, 95–105. [CrossRef]
15. Zhu, M.X.; Luo, Y.; Huang, H.Q.; Huang, D.; Wu, L.P. The characteristics, environmental impacts, and countermeasures of rural

household food waste in China. The characteristics, environmental impacts, and countermeasures of rural household food waste
in China. Res. Agric. Mod. 2022, 43, 948–956.

16. Wang, L.L.; Zhu, L.L.; Pan, S.; Wang, S. Low-carbon emitting university campus achieved via anaerobic digestion of canteen food
wastes. J. Environ. Manag. 2023, 335, 117533. [CrossRef]

17. Zhu, Q.; Li, F.; Qain, Z. A survey of canteen food waste and its carbon footprint in universities national wide. J. Arid Land Resour.
J. Arid Land Resour. Environ. 2020, 34, 49–55.

18. Nguyen, T.; van den Berg, M.; Nguyen, M. Food waste in primary schools: Evidence from peri-urban Viet Nam. Appetite 2023,
183, 106485. [CrossRef]

19. Yang, D.X.; Han, J.; Wang, Q.; Tian, Y.; Liu, Y. International experience in reducing food loss and combating food waste and its
implications for China. World World Agric. 2021, 6, 62–71.

https://doi.org/10.1016/j.resconrec.2021.105410
https://doi.org/10.1016/j.seppur.2023.123719
https://www.unep.org/resources/report/unep-food-waste-index-report-2021
https://www.unep.org/resources/report/unep-food-waste-index-report-2021
https://doi.org/10.1016/j.ece.2020.07.003
https://doi.org/10.1016/j.spc.2023.11.003
https://doi.org/10.1016/j.jclepro.2019.118994
https://doi.org/10.1016/j.jneb.2021.04.393
https://doi.org/10.1016/j.resconrec.2019.01.046
https://doi.org/10.1016/j.jclepro.2020.123571
https://doi.org/10.1016/j.appet.2022.106005
https://doi.org/10.1016/j.wasman.2017.01.035
https://doi.org/10.1016/j.jclepro.2018.02.040
https://doi.org/10.1016/j.wasman.2019.09.027
https://doi.org/10.1016/j.spc.2023.09.010
https://doi.org/10.1016/j.jenvman.2023.117533
https://doi.org/10.1016/j.appet.2023.106485


Sustainability 2024, 16, 3145 19 of 21

20. Hashimoto, S.; Furuya, M.; You, X.; Wanibuchi, G.; Tokumoto, H.; Tojo, M.; Shiragaki, K. Chemical and Microbiological Evaluation
of Vermicompost Made from School Food Waste in Japan. Shumpei 2021, 55, 225–232. [CrossRef]

21. Painter, K.; Thondhlana, G.; Kua, H.W. Food waste generation and potential interventions at Rhodes University, South Africa.
Waste Manag. 2016, 56, 491–497. [CrossRef]

22. Wang, L.E.; Cheng, S.K.; Liu, G.; Liu, X.J.; Bai, J.F.; Zhang, D.; Gao, L.W.; Cao, X.C.; Liu, Y. Study on Theories and Methods of
Chinese Food Wast. J. Nat. Resour. 2015, 30, 715–724.

23. Zhang, P.P.; Bai, J.F.; Liu, X.J.; Cheng, S.-K. Food waste at the consumer segment: Impact and action. J. Nat. Resour. 2019, 34,
437–450. [CrossRef]

24. Walsh, I.; Rowe, F. BIBGT: Combining bibliometrics and grounded theory to conduct a literature review. Eur. J. Inf. Syst. 2022, 32,
653–674. [CrossRef]

25. Yang, D.; Wu, X.; Liu, J.; Zhou, J. CiteSpace-based global science, technology, engineering, and mathematics education knowledge
mapping analysis. Front. Psychol. 2023, 13, 1094959. [CrossRef]

26. Chen, C. Searching for Intellectual Turning Points: Progressive Knowledge Domain Visualization. Proc. Natl. Acad. Sci. USA 2004,
101, 5303–5310. [CrossRef]

27. Jia, L.; Qiao, G. Quantification, Environmental Impact, and Behavior Management: A Bibliometric Analysis and Review of Global
Food Waste Research Based on CiteSpace. Sustainability 2022, 14, 11293. [CrossRef]

28. David, M.; Alessandro, L.; Jennifer, T.; Douglas, G.A. Preferred reporting items for systematic reviews and meta-analyses: The
PRISMA statement. Int. J. Surg. 2010, 8, 336–341.

29. Zhang, S. A Review of the Concepts in United Nations Global Food Security Governance. Zhang Shuai. Glob. Rev. 2023, 15,
116–135, 157–158.

30. Lin, K.; Liu, S.Y. The formation and evolution of the concept of “global development”—From international aid to global
governance. Shandong Soc. Sci. 2018, 1, 95–102.

31. Chen, Y.; Chen, C.M.; Liu, Z.Y.; Hu, Z.G.; Wang, X.W. The methodology function of CiteSpace mapping knowledge domains.
Stud. Sci. Sci. 2015, 33, 242–253.

32. Cohen, J.F.W.; Richardson, S.; Austin, S.B.; Economos, C.D.; Rimm, E.B. School Lunch Waste Among Middle School Students. Am.
J. Prev. Med. 2013, 44, 114–121. [CrossRef]

33. Schwartz, M.B.; Henderson, K.E.; Read, M.; Danna, N.; Ickovics, J.R. New School Meal Regulations Increase Fruit Consumption
and Do Not Increase Total Plate Waste. Child. Obes. 2015, 11, 242–247. [CrossRef]

34. Cohen, J.F.; Richardson, S.; Parker, E.; Catalano, P.J.; Rimm, E.B. Impact of the new U.S. Department of Agriculture school meal
standards on food selection, consumption, and waste. Am. J. Prev. Med. 2014, 46, 388–394. [CrossRef]

35. Wallen, V.; Cunningham-Sabo, L.; Auld, G.; Romaniello, C. Validation of a Group-administered Pictorial Dietary Recall with 9- to
11-year-old Children. J. Nutr. Educ. Behav. 2011, 43, 50–54. [CrossRef]

36. Panizza, C.E.; Boushey, C.J.; Delp, E.J.; Kerr, D.A.; Lim, E.; Gandhi, K.; Banna, J.C. Characterizing Early Adolescent Plate Waste
Using the Mobile Food Record. Nutrients 2017, 9, 93. [CrossRef]

37. Taylor, J.C.; Yon, B.A.; Johnson, R.K. Reliability and Validity of Digital Imaging as a Measure of Schoolchildren’s Fruit and
Vegetable Consumption. J. Acad. Nutr. Diet. 2014, 114, 1359–1366. [CrossRef]

38. Chapman, L.E.; Richardson, S.; McLeod, L.; Rimm, E.; Cohen, J. Pilot Evaluation of Aggregate Plate Waste as a Measure of
Students’ School Lunch Consumption. J. Acad. Nutr. Diet. 2019, 119, 2093–2098. [CrossRef]

39. Malefors, C.; Svensson, E.; Eriksson, M. Automated quantification tool to monitor plate waste in school canteens. Resour. Conserv.
Recycl. 2024, 200, 107288. [CrossRef]

40. Pandey, S.; Budhathoki, M.; Perez-Cueto, F.J.A.; Thomsen, M. Factors influencing consumers’ food waste reduction behavior at
university canteens. Food Qual. Prefer. 2023, 111, 104991. [CrossRef]

41. Ozanne, L.K.; Ballantine, P.W.; McMaster, A. Understanding Food Waste Produced by University Students: A Social Practice
Approach. Sustainability 2022, 14, 10653. [CrossRef]

42. Blondin, S.A.; Djang, H.C.; Metayer, N.; Anzman-Frasca, S.; Economos, C.D. ‘It’s just so much waste.’ A qualitative investigation
of food waste in a universal free School Breakfast Program. Public Health Nutr. 2015, 18, 1565–1577. [CrossRef] [PubMed]

43. Chapman, L.E.; Cohen, J.; Canterberry, M.; Carton, T.W. Factors Associated with School Lunch Consumption: Reverse Recess and
School “Brunch”. J. Acad. Nutr. Diet. 2017, 117, 1413–1418. [CrossRef] [PubMed]

44. Prescott, M.P.; Burg, X.; Metcalfe, J.J.; Lipka, A.E.; Herritt, C.; Cunningham-Sabo, L. Healthy Planet, Healthy Youth: A Food
Systems Education and Promotion Intervention to Improve Adolescent Diet Quality and Reduce Food Waste. Nutrients 2019,
11, 1869. [CrossRef] [PubMed]

45. Adams, M.A.; Ohri-Vachaspati, P.; Richards, T.J.; Todd, M.; Bruening, M. Design and rationale for evaluating salad bars and
students’ fruit and vegetable consumption: A cluster randomized factorial trial with objective assessments. Contemp. Clin. Trials
2019, 77, 37–45. [CrossRef] [PubMed]

46. Connors, P.L. College students observe waste of edible food, and make recommendations. J. Food Compos. Anal. 2024, 126, 105833.
[CrossRef]

https://doi.org/10.6090/jarq.55.225
https://doi.org/10.1016/j.wasman.2016.07.013
https://doi.org/10.31497/zrzyxb.20190218
https://doi.org/10.1080/0960085X.2022.2039563
https://doi.org/10.3389/fpsyg.2022.1094959
https://doi.org/10.1073/pnas.0307513100
https://doi.org/10.3390/su141811293
https://doi.org/10.1016/j.amepre.2012.09.060
https://doi.org/10.1089/chi.2015.0019
https://doi.org/10.1016/j.amepre.2013.11.013
https://doi.org/10.1016/j.jneb.2009.12.008
https://doi.org/10.3390/nu9020093
https://doi.org/10.1016/j.jand.2014.02.029
https://doi.org/10.1016/j.jand.2019.04.001
https://doi.org/10.1016/j.resconrec.2023.107288
https://doi.org/10.1016/j.foodqual.2023.104991
https://doi.org/10.3390/su141710653
https://doi.org/10.1017/S1368980014002948
https://www.ncbi.nlm.nih.gov/pubmed/25543694
https://doi.org/10.1016/j.jand.2017.04.016
https://www.ncbi.nlm.nih.gov/pubmed/28623163
https://doi.org/10.3390/nu11081869
https://www.ncbi.nlm.nih.gov/pubmed/31405231
https://doi.org/10.1016/j.cct.2018.12.007
https://www.ncbi.nlm.nih.gov/pubmed/30572161
https://doi.org/10.1016/j.jfca.2023.105833


Sustainability 2024, 16, 3145 20 of 21

47. Wansink, B.; Just, D.R. Trayless cafeterias lead diners to take less salad and relatively more dessert. Public Health Nutr. 2015, 18,
1535–1536. [CrossRef] [PubMed]
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56. Ilić, A.; Bituh, M.; Brečić, R.; Barić, I.C. Relationship Between Plate Waste and Food Preferences Among Primary School Students
Aged 7–10 Years. J. Nutr. Educ. Behav. 2022, 54, 844–852. [CrossRef] [PubMed]

57. McKelvie-Sebileau, P.; Swinburn, B.; Glassey, R.; Tipene-Leach, D.; Gerritsen, S. Health, wellbeing and nutritional impacts after
2 years of free school meals in New Health, wellbeing and nutritional impacts after 2 years of free school meals in New Zealand.
Health Promot. Int. 2023, 38, daad093. [CrossRef] [PubMed]

58. Piras, S.; Righi, S.; Banchelli, F.; Giordano, C.; Setti, M. Food waste between environmental education, peers, and family
influence.Insights from primary school students in Northern Italy. J. Clean. Prod. 2023, 383, 135461. [CrossRef]

59. Banna, J.C.; Panizza, C.E.; Boushey, C.J.; Delp, E.J.; Lim, E. Association between Cognitive Restraint, Uncontrolled Eating,
Emotional Eating and BMI and the Amount of Food Wasted in Early Adolescent Girls. Nutrients 2018, 10, 1279. [CrossRef]

60. Lorenz, B.A.-S.; Hartmann, M.; Langen, N. what makes people leave their food? the interaction of personal and situational factors
leading to plate leftovers in canteens. Appetite 2017, 116, 45–56. [CrossRef]

61. Wansink, B.; Hanks, A.S.; Just, D.R. A plant to plate pilot: A cold-climate high school garden increased vegetable selection but
also waste. Acta Paediatr. 2015, 104, 823–826. [CrossRef]

62. Alattar, M.A.; Morse, J.L. Poised for Change: University Students Are Positively Disposed toward Food Waste Diversion and
Decrease Individual Food Waste after Programming. Foods 2021, 10, 510. [CrossRef]

63. Mitchell, A.; Prescott, M.P. O9 Food Systems, Climate Change, and Food Waste: Knowledge, Attitudes, and Beliefs Among
Middle School Students. J. Nutr. Educ. Behav. 2020, 52, S4–S5. [CrossRef]

64. Zhu, Y.T.; Li, R. Study on current situation and intervention measures of food waste in schools. Food Sci. Technol. Econ. 2023, 48,
21–26.

65. Principato, L.; Secondi, L.; Pratesi, C.A. Reducing food waste: An investigation on the behavior of Italian youths. Br. Food J. 2015,
117, 731–748. [CrossRef]

66. Liu, Y.; Cheng, S.; Liu, X.; Cao, X.; Xue, L.; Liu, G. Plate Waste in School Lunch Programs in Beijing, China. Sustainability 2016,
8, 1288. [CrossRef]

67. Wu, Y.L.; Tian, X.; Li, X.R.; Yuan, H.; Liu, G. Characteristics, influencing factors, and environmental effects of plate waste at
university canteens in Beijing, China. Resour. Conserv. Recycl. 2019, 149, 151–159. [CrossRef]

68. Zhang, H.; Li, S.; Wei, D.; He, J.; Chen, J.; Sun, C.; Vuppaladadiyam, A.K.; Duan, H. Characteristics, environmental impact, and
reduction strategies of food waste generated by young adults: Case study on university canteens in Wuhan, China. J. Clean. Prod.
2021, 321, 128877. [CrossRef]

69. Qian, L.; Li, F.; Liu, H.; Wang, L. Are the Slimmer More Wasteful? The Correlation between Body Mass Index and Food Wastage
among Chinese Youth. Sustainability 2022, 14, 1411. [CrossRef]

70. Izumi, B.T.; Akamatsu, R.; Byker Shanks, C.; Fujisaki, K. An ethnographic study exploring factors that minimize lunch waste in
Tokyo elementary schools. Public Health Nutr. 2020, 23, 1142–1151. [CrossRef] [PubMed]

71. Baik, J.-Y.; Lee, H. Habitual plate-waste of 6- to 9-year-olds may not be associated with lower nutritional needs or taste acuity, but
undesirable dietary factors. Nutr. Res. 2009, 29, 831–838. [CrossRef]

https://doi.org/10.1017/S1368980013003066
https://www.ncbi.nlm.nih.gov/pubmed/25998549
https://doi.org/10.1016/j.wasman.2023.11.014
https://www.ncbi.nlm.nih.gov/pubmed/37989013
https://doi.org/10.1016/j.jneb.2019.05.590
https://doi.org/10.1016/j.resconrec.2023.107361
https://doi.org/10.1111/josh.12932
https://doi.org/10.3390/su15043668
https://doi.org/10.1016/j.resconrec.2021.105902
https://doi.org/10.1016/j.jneb.2016.09.008
https://www.ncbi.nlm.nih.gov/pubmed/27756593
https://doi.org/10.1016/j.jneb.2022.04.003
https://www.ncbi.nlm.nih.gov/pubmed/35764451
https://doi.org/10.1093/heapro/daad093
https://www.ncbi.nlm.nih.gov/pubmed/37590384
https://doi.org/10.1016/j.jclepro.2022.135461
https://doi.org/10.3390/nu10091279
https://doi.org/10.1016/j.appet.2017.04.014
https://doi.org/10.1111/apa.13028
https://doi.org/10.3390/foods10030510
https://doi.org/10.1016/j.jneb.2020.04.021
https://doi.org/10.1108/BFJ-10-2013-0314
https://doi.org/10.3390/su8121288
https://doi.org/10.1016/j.resconrec.2019.05.022
https://doi.org/10.1016/j.jclepro.2021.128877
https://doi.org/10.3390/su14031411
https://doi.org/10.1017/S136898001900380X
https://www.ncbi.nlm.nih.gov/pubmed/31996278
https://doi.org/10.1016/j.nutres.2009.10.009


Sustainability 2024, 16, 3145 21 of 21

72. Santos, J.I.A.S.D.; Silveira, D.S.D.; Costa, M.F.D.; da Costa, M.F.; Duarte, R.B. Consumer behavior in relation to food waste: A
systematic literature review. 2022, 124, 4420–4439. Br. Food J. 2022, 124, 4420–4439.

73. Simoes, J.; Carvalho, A.; De Matos, M.G. How to influence consumer food waste behavior with interventions? A systematic
literature review. J. Clean. Prod. 2022, 373, 133866. [CrossRef]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.

https://doi.org/10.1016/j.jclepro.2022.133866

	Introduction 
	Research Methodology 
	Use of Scientometric Analysis Software 
	Data Collection and Exclusion 
	Data Analysis 

	Results of the Bibliometric Analysis 
	Publication Trends 
	Areas of Issuance and Analysis 
	Content of the Study 
	Trends in the Evolution of Research Content 
	Research Hotspots 
	Research Frontiers 
	Research Priorities by Country/Region 


	Discussion 
	Findings 
	Research Gaps and Suggested Directions 

	Conclusions 
	References

