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Food waste is increasingly becoming a global challenge, and school canteens are a significant and severe source of food waste. Reducing food waste is conducive to ensuring food security and environmental sustainability. A good understanding on the influencing factors of food waste is a prerequisite for exploring effective measures to reduce food waste. We obtained senior high school first-hand food waste data through field survey using the methods of face-to-face interview, questionnaire survey, and direct weighing in September 2019. Our survey data showed that the per capita per meal food waste of senior high school students (SHSS) was 44.48 g. The specific performance was as follows: the per capita per meal food waste of breakfast, lunch, and dinner was 22.39, 55.28, and 54.24 g, respectively. The empirical results showed that the frequency of eating snacks had a significant effect on whether the SHSS had food waste behavior and significantly affected the amount of food waste by SHSS. With the increased frequency of eating snacks, the food waste probability was increased and the amount of food waste was greater. This study suggested that we could eat snacks but reduced the frequency of eating snacks to achieve the goal of mitigating food waste. This was a simple and effective way to reduce food waste.
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1 Introduction

Food waste was a global challenge, which had attracted widespread attention in recent years (Thyberg et al., 2015; Young et al., 2017; Bretter et al., 2022). Global food waste undermined the resilience and sustainability of food systems (Guo et al., 2023). Reducing food waste could be extremely beneficial to food security and environmental sustainability (Foley et al., 2011). In 2019, nearly 750 million people were exposed to severe levels of food insecurity, accounting for almost one-tenth of the world’s total population (FAO, IFAD, UNICEF, WFP, WHO, 2020). However, roughly one-third of food produced for human consumption was lost or wasted globally, which amounts to approximately 1.3 billion tons per year (Gustavsson et al., 2011). Food waste meant not only a large amount of food was thrown away but also the ineffective consumption of large amount of water, energy, and land required for food production (Cheng et al., 2012). Food waste negatively contributed to global greenhouse gas emission (Clark et al., 2020; Rosenzweig et al., 2020) and caused serious pressure on resources and environment (Kummu et al., 2012; Xue et al., 2021). Therefore, food waste should be studied.

Scholars had studied food waste in different departments, such as households (Schmidt, 2016; Aschemann-witzel et al., 2019; Cao and Li, 2023), restaurants (Zhang et al., 2018; Filimonau et al., 2022; Zhang and Zhang, 2022), catering industry (Filimonau and Ermolaev, 2021; Gao et al., 2021; Zhang et al., 2022), and schools (Blondin et al., 2014; Falasconi et al., 2015; Schwartz et al., 2015). Most existing studies of food loss and waste were conducted for a few industrialized countries, such as the United Kingdom and the United States (Xue et al., 2017). In recent years, scholars conducted some research studies on food waste at school canteens in different countries, such as the United States (Whitehair et al., 2013), South Africa (Painter et al., 2016), Germany (Lorenz et al., 2017), and Portugal (Pinto et al., 2018).

Food waste at school canteens needed more attention (Principato et al., 2015; Derqui et al., 2018). Schools were an important source of food waste (Derqui and Fernandez, 2017; Qian and Xiong, 2022). The per capita per meal food waste for university students was 73.7 g (Wu et al., 2019). Food waste on plates accounted for 22% of the total food preparation in school canteens (Boschini et al., 2018). The per capita per meal food waste of college students at school canteens in China was 61.03 g, and up to 74% of the students had food waste behavior (Qian et al., 2019). In terms of research on school food waste, the current publications on school food waste were mainly concentrated in nursery schools (Steen et al., 2018; García-Herrero et al., 2019), primary schools (Byker et al., 2014; Martins et al., 2020), middle schools (Smith and Cunningham-sabo, 2013; Liu et al., 2016), and universities (Wu et al., 2019; Qian et al., 2024), and a small part of the research study was conducted on senior high schools.

Most of the situational research studies about snacks had been conducted in the context of the snacks market (Gehrt and Shim, 2003), snacks choices (Raska and Nichols, 2012), and consumption of snacks (Benton and Jarvis, 2007; Ansem et al., 2015). Learning collaborative could facilitate improvements in the quality of after-school snacks (Mozaffarian et al., 2010). Both parents and peers influenced children’s consumption of snacks (Ansem et al., 2015). Older and younger adults with weaker executive function consumed more high-calorie snacks (Hall et al., 2015). A study used questionnaire approach to measure the relative reinforcing efficacy of snacks (Epstein et al., 2010). Research was conducted on the relationship between obesity and snacks (Havermans et al., 2011). Eating non-nutrient snacks was considered a major factor leading to childhood obesity (Wansink et al., 2013). Strategies should be implemented to reduce the intake of fat and sugar by adolescents while consuming snacks (Howard and Reeves, 2005). To date, there was no literature had examined the effect of the frequency of eating snacks on food waste.

Senior high school is a critical period for the formation of an outlook on life and values, which is related to the future of the country. Senior high school students (SHSS) are an integral part of society. Public school canteens represented a unique environment with the ability to convey eating habits and knowledge (García-Herrero et al., 2019). In recent years, scholars have conducted research on measures to reduce food waste (Goossens et al., 2019). Study on the influencing factors of food waste was a necessary step in reducing food waste, and identification of key influencing factors was essential to exploring effective and practical measures to reduce food waste. Does the frequency of eating snacks increase food waste? If so, we could reduce the frequency of eating snacks to reduce food waste, which would be a simple and feasible method to reduce food waste.

In this study, food waste was calculated based on a field survey. Based on first-hand data through direct weighing on food waste, we empirically analyzed the impact of the frequency of eating snacks on food waste behavior among SHSS. In the field survey, we separately evaluated the amount of food waste for breakfast, lunch, and dinner, which more accurately measured the amount of food waste in SHSS.



2 Materials and methods


2.1 Field survey

The food waste survey was conducted on September 2019. A total of 1,210 survey samples were collected during the survey process. Through data cleaning and scientific screening, samples with low questionnaire validity were eliminated, and 1,151 valid samples were obtained, with a questionnaire validity rate of 95.12%.

The site of the field survey was Senior High School, Changshu City, Jiangsu Province, China. This study adopted the methods of face-to-face interview, questionnaire survey, and direct weighing. The face-to-face interview focused on the canteen operators and chefs to find out the number of SHSS dining at each meal, and the quality and quantity of dishes served in the canteens. The questionnaire survey was aimed at SHSS who eat in the canteens to learn about their individual characteristics, parents’ educational level, consumption philosophy, dining habits, etc. The direct weighing was aimed at weighing the amount of food waste at the dining table of SHSS by directly weighing the edible discarded portion of the food remaining on the table, excluding liquids. We used a kitchen baking electronic scale for direct weighing, which was accurate to 1 g.

In the field survey process, combined with the total number of the SHSS and the sample size set by the study group, random sampling and systematic sampling were used to obtain samples. The canteens in Shanghu Senior High School had three floors, and there was no plate collection office in the canteens, which adopted the method of staff carts moving between the dining tables. According to the characteristics of the canteens, the research team was divided into three groups and conducted an investigation on each floor of the canteens at the same time.

In the field survey, the specific method of sampling samples was as follows: combined with the face-to-face interview content of the canteens, the research divided the number of dining students into several periods according to the scale of the canteens and student flow. A sample was drawn from each eating period to reach the expected number of samples for the field survey. To ensure that students hide their food waste behavior, we conducted the questionnaire survey after the students finished their meals. The field survey operation flow chart is shown in Figure 1.
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FIGURE 1
 Field survey operation flow chart.




2.2 System definition

In this study, food waste was defined as the edible, non-liquid, discarded portion of the food left on the dining tables by the SHSS during the meal process, excluding the inedible ingredients and bones. The concept map of food waste formation in this study is shown in Figure 2. When assessing the amount of food waste, we converted the amount of food waste into the weight of raw food materials. Therefore, the amount of food waste referred to the weight of raw food materials of edible ingredients left on the dining tables.

[image: Figure 2]

FIGURE 2
 Concept map of food waste formation in this study.


If there was a phenomenon of packing during meals of the SHSS, the amount of food packed was not included in the category of food waste due to the assumption that the SHSS packed food for re-consumption. In this study, food was divided into nine categories, including staples, meat, aquatic products, vegetables, beans, eggs, milk, nuts, and fruits.



2.3 Description of variables

There were three explained variables in this study, namely, per capita per meal food waste, food waste or not, and food waste frequency. The per capita per meal food waste referred to the weight of per capita per meal food waste for the SHSS, which was calculated based on the weighing data. The food waste or not referred to whether the SHSS under investigation had food waste behavior, a binary variable with a value of 1 if the SHSS had food waste behavior and 0 if the SHSS did not have food waste behavior. The food waste frequency referred to the frequency of food waste in the daily life of the SHSS.

This study proposed some influential factors that led to food waste, including dining habits, gender, and grade. The definitions and descriptions of the main variables in this study are shown in Table 1.



TABLE 1 Definitions and descriptions of the main variables in this study.
[image: Table1]



2.4 Food waste calculation

The calculation method of food waste is shown in the following formulas:

Total amount of food waste:
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In the formula above, [image: image] represented the total amount of food waste, [image: image] represented the waste amount of the i-th type food of the j-th sample student, [image: image] represented the number of categories of food, and [image: image] represented the number of students in the sample.

The proportion of classified food waste to total food waste is as follows:
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In the formula above, [image: image] represented the proportion of the i-th food waste to the total waste, [image: image] represented the number of students in the sample, [image: image] represented the total amount of food waste, and [image: image] represented the waste amount of the i-th type food of the j-th sample student.

Per capita per meal food waste is as follows:
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In the formula above, [image: image] represented the total amount of per capita per meal food waste, [image: image] represented the waste amount of the i-th type food of the j-th sample student, [image: image] represented the number of categories of food, and [image: image] represented the number of students in the sample.

Per capita per meal food waste at breakfast, lunch, and dinner is as follows:

[image: image]

In the formula above, [image: image] represented the per capita per meal food waste of each meal (k ranged from 1 to 3, k = 1 represented breakfast, k = 2 represented lunch, and k = 3 represented dinner).




3 Results


3.1 Overview

A total of 1,151 samples were included in this study, of which 555 were men, accounting for 48.22%, and 596 were women, accounting for 51.78%. The sample sizes for the breakfast, lunch, and dinner period were 364, 344, and 443, respectively. The percentage of breakfast, lunch, and dinner time in the sample was 31.62, 29.89, and 38.49%, respectively. In the total sample, 497 samples had zero food waste, and 654 samples had greater than zero food waste.



3.2 Food waste by type

The per capita per meal food waste of the SHSS was 44.48 g, of which the per capita per meal of fruit waste was close to zero, and the per capita per meal of dried fruits/nuts and milk waste was 0.09 and 0.06 g, respectively. The foods that were wasted more by the SHSS mainly included staples and vegetables, which was consistent with the existing food waste research conclusions (Wang et al., 2017; Kasavan et al., 2021).

The per capita per meal staple waste of the SHSS was 22.35 g, accounting for 50.24% of the per capita per meal food waste. The per capita per meal vegetable waste of the SHSS was 12.07 g, accounting for 27.14% of the per capita per meal food waste. The per capita per meal meat waste of the SHSS was 8.96 g, accounting for 20.15% of the per capita per meal food waste. The per capita per meal food waste by the type in this study is shown in Figure 3.

[image: Figure 3]

FIGURE 3
 Per capita per meal food waste by type in this study.




3.3 Food waste at breakfast, lunch, and dinner

There were differences in the amount of per capita per meal food waste among the SHSS for breakfast, lunch, and dinner. The amount of per capita per meal food waste for breakfast was less than that for lunch and dinner. Specifically, the per capita per meal food waste was 23.91 g for breakfast, 55.28 g for lunch, and 54.24 g for dinner. During the breakfast period, the food waste of the SHSS was mainly staples and meat. During the lunch period, the food waste of the SHSS was mainly staples and vegetables, of which the milk, nuts, and fruits were not wasted. During the dinner period, the food waste of the SHSS was mainly staples and vegetables, and there was no waste of milk and fruits. The amount of food waste per capita at breakfast, lunch, and dinner is shown in Figure 4. The percentage of food waste per capita at breakfast, lunch, and dinner is shown in Figure 5.

[image: Figure 4]

FIGURE 4
 Amount of food waste per capita at breakfast, lunch, and dinner.
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FIGURE 5
 Percentage of food waste per capita at breakfast, lunch, and dinner.




3.4 Relationship between snack frequency and food waste

We used the Logit model to analyze whether the frequency of eating snacks affected food waste behavior and the Tobit model to analyze whether the frequency of eating snacks affected the amount of food waste. The estimation results of Logit model and Tobit model are shown in Tables 2, 3, respectively.



TABLE 2 Logit regression results.
[image: Table2]



TABLE 3 Tobit regression results.
[image: Table3]

The results showed that snack frequency among the SHSS had a significant effect on whether the SHSS had food waste behavior and also significantly affected the amount of food waste by SHSS. The survey data showed that the per capita per meal food waste with the everyday frequency of eating snacks was 63.71 g, which was higher than the average level. In other words, the snack frequency increased the food waste probability of the SHSS, and with the increase in the frequency of eating snacks, the amount of food waste would also increase. The empirical analysis results showed that compared with SHSS who did not eat snacks, those who had the habit of eating snacks were more likely to have food waste behavior. The empirical analysis also showed that the SHSS who eat snacks more frequently were more prone to food waste behavior, and with the increased frequency of eating snacks, the per capita per meal food waste was greater.

To test the robustness of the results, food waste frequency was used to estimate the counting model instead of the per capita per meal food waste of the SHSS during their school meals. The robustness test estimation results are shown in Table 4. The robustness test estimation results showed that the frequency of eating snacks significantly affected the food waste behavior, and with the improvement in the frequency of eating snacks, the food waste frequency of the SHSS increased. Therefore, the original conclusion was robust.



TABLE 4 Robustness test regression results.
[image: Table4]



3.5 Other influencing factors of food waste

The other influencing factors of food waste for SHSS were analyzed as follows:


3.5.1 Dining habits

The SHSS with different eating habits had various food waste behaviors. The survey data showed that per capita per meal food waste of the SHSS with the best eating habits was 23.82 g, and that with the worst eating habits was 200.52 g. The empirical results showed that dining habits significantly affected whether the SHSS had food waste behavior, mainly reflected in the fact that the SHSS with better dining habits had less food waste behavior. The empirical results also showed that dining habits significantly affected the amount of per capita per meal food waste produced by the SHSS, which was mainly reflected in the fact that the SHSS with better eating habits would waste small amount of food. Overall, the SHSS with better eating habits tended to no food waste or waste small amount of food, and those with poorer eating habits tended to waste more amount of food.



3.5.2 Gender

The gender of the SHSS had a significant effect on the amount of food waste, but there was no significant effect on whether they had food waste behavior. The survey data showed that the per capita per meal food waste of the senior high school boys was 30.03 g, and the per capita per meal food waste of the senior high school girls was 57.94 g. The analysis of the empirical results showed that there was no difference in the influence of gender on food waste behavior. There were significant differences in the amount of food waste among the SHSS of different genders; specifically, the amount of food waste of senior high school boys was significantly lower than that of senior high school girls.



3.5.3 Grade

The SHSS of different grades had various food waste behaviors. The survey data showed that the per capita per meal food waste of the first grade of SHSS was 37.52 g, the per capita per meal food waste of the second grade of SHSS was 43.15 g, and the per capita per meal food waste of the third grade of SHSS was 62.60 g. The empirical results showed that the higher the grade level, the more likely the SHSS were to have food waste behavior. The empirical results also showed that the grade significantly affected the amount of food wasted of the SHSS during meals: the higher the grade of the SHSS, the greater the amount of food waste; the lower the grade of the SHSS, the smaller the amount of food waste. In general, the higher the grade of the SHSS, the more likely they were to have food waste behavior and the greater amount of food waste.



3.5.4 Taste

The taste had a significant effect on whether the SHSS had food waste behavior. With the improvement in food taste satisfaction, the SHSS were less inclined to food waste behavior. Food taste perception significantly influenced the amount of food waste among the SHSS, and the SHSS with a better perception of food consumed had smaller amount of food waste.



3.5.5 Mealtime

The SHSS during different mealtime had different food waste behaviors. The survey data showed that the per capita per meal food waste of the SHSS was 22.39 g at breakfast, 55.28 g at lunch, and 54.24 g at dinner. The empirical results showed that mealtime significantly affected whether the SHSS had food waste behavior. Eating at lunch time and dinner time significantly increased the likelihood of food waste compared with breakfast time. The empirical results also showed that mealtime significantly affected the amount of food waste by SHSS, and the amount of food waste at lunch time and dinner time increased significantly compared with the amount of food wasted at breakfast time.





4 Discussion

In recent years, scholars had conducted research and made contributions to the issue of food waste (Mena et al., 2011; Bravi et al., 2020), paving the way for the follow-up study of food waste. In recent years, anti-food waste initiated the agenda, and constructing a long-term mechanism to anti-food waste became an important research proposal. How to simply and effectively reduce food waste was of great significance for conducting research on food waste. For example, research had shown that plate and decoration color affected consumer food waste behavior (Zhang et al., 2022), and changing plate and decoration color to reduce food waste was a simple and feasible way.

This study believed that effective measures to reduce food waste should be sought from the factors that impact food waste behavior, and these factors could be modifiable. For example, the results of this study showed that the frequency of eating snacks had an essential impact on food waste behavior of the SHSS, which indicated that anti-food waste could start from reducing the frequency of eating snacks. Reducing the frequency of eating snacks might be improved through comprehensive and systematic diet-related education. In other words, we should take measures to improve the factors that significantly impact food waste behavior, providing that these factors can be modifiable to achieve the goal of reducing food waste.

The contributions of this study were the following two aspects. First of all, to comprehensively reflecting the food waste behavior of SHSS in school canteens, we investigated the food waste situation of breakfast, lunch, and dinner. Regarding the time category of school food waste research, existing research mainly focused on lunch time and dinner time (Smith and Cunningham-sabo, 2013; Boschini et al., 2018; Ellison et al., 2019; Martins et al., 2020) but ignored the research on food waste of breakfast in schools, which was not conducive to systematically characterizing the overall situation of food waste in schools. Second, we used direct weighing to obtain SHSS first-hand data on food waste by the field survey. More than half of the literature on food waste used secondary data for research on food waste (Halloran et al., 2014; Xue et al., 2017). We believed that using first-hand data to measure food waste was more accurate.

In general, reducing food waste was a process of changing bad habits and gradually establishing new patterns of civilization. Experts in the field actively advocated and promoted food education (Liu et al., 2020). In the past few years, China’s food consumption patterns have undergone significant changes (Dong et al., 2015). Especially, fast food consumption caused health problems for residents, such as obesity (Hou et al., 2018). For health reasons, we should reduce fast food consumption. Food education was conducive to cultivating and educating good dining habits (Zhu et al., 2020), which helped to reduce food waste (Hou et al., 2018). Schools are an important place to promote food education. Schools should reduce the provision of fast food and promote healthy eating habits. Carrying out school-based food education actions is an important foundation for inheriting the excellent food culture of the Chinese nation and achieving the goals of children’s physical and mental health. It is vital and necessary to carry out food education for students in different school stages.



5 Conclusion and limitation


5.1 Conclusion

Data showed that 56.82% of the SHSS had food waste behavior. Based on the first-hand data on food waste field survey of senior high school, this study used the Logit model to estimate whether the SHSS had food waste behavior and the Tobit model to estimate the effect on influencing factors of food waste behavior. The results showed that the per capita per meal food waste of the SHSS was 44.48 g, of which staples, vegetables, and meat staples, vegetables, and meat were 22.35, 12.07, and 8.96 g, respectively.

There were differences in the amount of per capita per meal food waste at breakfast, lunch, and dinner. The per capita per meal food waste of breakfast, lunch, and dinner was 22.39, 55.28, and 54.24 g, respectively. The per capita per meal food waste at breakfast mainly included staples, vegetables, and meat, which were 12.73, 7.67, and 1.42 g, respectively. The per capita per meal food waste at lunch mainly included staples, vegetables, and meat, which were 25.61, 16.38, and 11.55 g, respectively. The per capita per meal food waste at dinner mainly included staples, vegetables, and meat, which were 27.71, 17.47, and 8.02 g, respectively.

The food waste behavior was affected by dining habits, gender, taste, mealtime, and frequency of eating snacks. The results provided a method to reduce food waste, so it had theoretical and practical implications. Specifically, we could reduce food waste by reducing the frequency of eating snacks. This study suggested that we could eat snacks but reduced the frequency of eating snacks to achieve the goal of reducing food waste. This was a simple and effective way to reduce food waste.



5.2 Limitation

There are still some limitations in this study, mainly including two aspects. First, the data had limitations. The data in this study came from the first-hand data of a city field survey, and the coverage was small. If more samples from more provinces could be used as supplementary data in the future, it would provide more reliable data support for related study. Second, in addition to the influencing factors shown in this study, the food waste behavior of SHSS might be affected by other factors, for example, the psychological state of SHSS when dining. In future study, we would increase the investigation and analysis of these factors.

The dining patterns of senior high school students in different countries were different, so the factors affecting their food waste might be different, which required food waste data of more countries to get the global food waste situation of school canteens. When analyzing the situation of food waste at schools in different countries, it should be combined with local characteristics, for example, dietary cultural factors. We suggested that scholars from different countries should consider cooperative research on food waste at schools.
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