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Food waste jeopardizes food security and causes economic and resource
losses. Household food waste is the most significant source of global food waste
and urgently needs to be reduced. Based on the China Health and Nutrition
Survey (CHNS), our study estimates the daily food waste data of 6,418 sample
observations across China and the dietary preference scores of their household
heads. Using a count regression model, our study explores the relationship
between dietary preference and household food waste in Chinese households,
and further explores the moderating function of household refrigerator use. The
study has found that: (1) improving dietary preference score can significantly
reduce household food waste ratio, and robustness tests support this finding. (2)
There is a positive moderating effect of refrigerator use in the process of how
dietary preference influence food waste. (3) Heterogeneity analysis shows that
the impact of dietary preference on household food waste varies by gender and
age of the household head, household size, economic level, urban—rural type,
and north—south region. Our study provides evidence that improving dietary
preference can reduce household food waste in China, which has certain
implications for waste reduction in other developing countries.
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1 Introduction

Food waste not only affects global food security, leading to the wastage of production
resources, but also imposes a huge burden on the environment (1-3). According to the United
Nations Environment Programme Report, the total global food waste in 2022 will amount to
1,052 million tonnes, with 132 kilograms of food wasted per capita, which is one-fifth of the
total amount of food available to consumers (4). Meanwhile, one out of every nine people in
the global population is suffering from hunger (5). If this food is effectively utilized, it will
contribute to the eradication of global hunger and malnutrition (6). Furthermore, food waste
implies the ineffective depletion of factor resources such as water, soil, and fertilizers invested
in the production stage (7, 8). It is estimated that food losses and wastage take up about 24%
of the total global utilization of land for food production, freshwater resources and fertilizers
(9). Moreover, food waste globally generates 3.3 gigatons of carbon dioxide, an equivalent of
7% of total greenhouse gas (GHG) emissions causing climate change (10-12). Therefore, how
to effectively reduce food waste has become a crucial theoretical and practical issue.

As an international issue, food waste has attracted the attention of many scholars
and the related results are abundant (13). According to the United Nations Environment
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Programme (UNEP), Canada wastes 189 kg of food per capita per
year, and the United States wastes 159 kg of food per capita per
year (UNEP, 2024). Gilbert and Ricci found that 94 kg of food is
wasted per year in a study of Rio de Janeiro, Brazil (4). Xue et al.
found that 29 kg of food is wasted per year in China (4). The
research on the structure of food waste indicates that with much
of the waste concentrates on foods such as grains, fruits, and
vegetables. Conrad (14) finds in a study on the United States that
fruits and vegetables are the main categories of food waste in
households. Caldeira et al. (15) finds that grains, fruits, and
vegetables are the most wasted foods in households. Ammann
et al. (16) and Ananda et al. (17) also indicate that fruits and
vegetables account for the highest proportion of household food
waste. Li et al. (18) uses Logit and Tobit models to estimate the
relationship between five food categories and consumer
characteristics in China, and concludes that the incidence and
proportion of fruit and vegetable waste are the highest. In terms
of economic loss, Australia loses $20 billion annually due to food
waste (19). 58% of all food produced is lost or wasted in Canada,
at a cost of $49 billion (20). In addition, the economic loss from
food waste in the household sector alone is 0.82% of South Africa’s
GDP (21, 22).

It can be seen that developed countries are the most significant
contributors to global food waste (23). The existing researches are
mostly from developed countries such as the United Kingdom, the
Netherlands, the United States, Portugal, Germany, and Canada, with
relatively few studies on emerging developing countries such as China
(11). However, as a developing country with a population of over 1.4
billion, China is also experiencing an increasing trend of food waste
due to the improvement of living standards. The total amount of food
waste in China is about 120 million tons per year (24). The economic
loss caused by food loss and waste is up to $263.55 billion in China
(25, 26). The study of food waste and its influencing factors in China
is of great significance for reducing global food waste and ensuring
food security.

This paper endeavors to study the problem of food waste in
Chinese households. The China Health and Nutrition Survey (CHNS)
database uses questionnaires to collect data. The questionnaires design
includes questions on individual, household, community and dietary
surveys to obtain detailed and specific information. In addition, a
count regression model is used for statistical analyses to understand
the magnitude of the effect of differences in household members’
dietary preferences on household food waste and the moderating
effect of refrigerator use.

From the unique perspective of dietary preference, this study
analyses the effect of differences in dietary preferences on household
food waste in China and suggests countermeasures. This study not
only enriches the research on the influencing factors of household
food waste in China, but also provides a reference for emerging
developing countries in this field to reduce food waste and ensure
food security.

The subsequent organization of our study is as follows: the second
part is literature review. The third part is the materials and methods,
including data sources, variable settings and model settings. The
fourth part is the results. The fifth part is the discussion. The last part
is the conclusions.
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2 Literature review

Household food waste is generated in a variety of ways during the
process of consuming food in households (27). There are a wealth of
researches on this area, with existing studies focusing on both consumer
behaviors and social practices. The theory of consumer behavior assumes
that individual behavior is determined by the intention to execute the
behavior. On the one hand, the influence of intention is manifested in
the different demographic, psychological, and habitual factors that affect
household food waste differently (28). Specifically, the factors are the age
of the head of the household (29), literacy (30), religious beliefs (31), the
demographic structure of the household (2), the level of household
income (32), social capital (33), famine experience (34), motivation for
veganism (18), body image management needs (11), food purchasing
and preparation (35), processing and cooking techniques (36), food
storage habits (37), wasteful habits (38) and more. On the other hand,
the effect of intention is reflected in the correlation between individual
frugality and environmental awareness (39) and food waste behavior.

The theory of social practice suggests that macro-environments such
as cultural, economic, and social contexts, as well as the micro-
environments surrounding individuals, influence individual food waste
behavior. Tang et al. (40), from the perspective of dietary anthropology,
argues that the causes of food waste in the population are the shared meal
system, the preference for lavish banquets, and the food culture practice
of ‘saving face. Kansal et al. (23) mentions that the developed countries
are the main contributors to food waste, with a higher rate of food waste
compared to the developing countries. It can be seen that the level of
economic development significantly affects the level of food waste. From
the social level, Cheng (28) believes that information intervention
positively affects food waste. Porpino et al. (41), Wharton et al. (42), and
Yildirim et al. (43) discover from the micro-environment in which an
individual lives that compared to small vegetable stores and self-
cultivation, choosing to buy food in bulk from large supermarkets leads
to more food waste. Secondi et al. (29) argues that the size of utensils also
affects food waste generation, with larger plates inducing people to
prepare more meals, which in turn increases the amount of food waste.

As the per capita income level of Chinese residents increases, the
lifestyle and dietary structure have changed considerably. Dietary
preference may be an important factor influencing food waste.

With a given amount of household food preparation, on the one
hand, consumers with the preference for fast food choose to order
food or eat out, leaving home-cooked food wasted due to
non-consumption. On the other hand, consumers’ preferences for
household-specific foods, such as salty snacks and soft drinks, reduce
the consumption of other foods, leaving a large amount of healthful,
edible food usually unused or discarded from the household kitchen
(27). In particular, children’s selective eating behavior and preference
can lead to overpreparation and provision of food by parents, resulting
in waste (23). Therefore, it is reasonable to hypothesize that dietary
preference is related to what and how much food is wasted. However,
there are few studies on the relationship between dietary preference
and food waste in Chinese households. For this reason, our study
focuses on how dietary preference affect food waste in Chinese
households, providing Chinese evidence for understanding and
improving dietary preference and then reducing food waste from a
global perspective.

frontiersin.org


https://doi.org/10.3389/fnut.2024.1415734
https://www.frontiersin.org/journals/nutrition
https://www.frontiersin.org

Zhang et al. 10.3389/fnut.2024.1415734

3 Materials and methods released is for 2015, but the 2015 data does not include dietary

information. Furthermore, the 2011 dietary data only includes
The research framework is as follows: First, based on the existing ~ consumption in terms of edible oils and condiments. Therefore, our study

CHNS data, we select and clean the samples; Second, we set the  uses data from 2004, 2006, and 2009, which is an unbalanced panel data

variables according to the existing studies; Third, we select the count  study because some survey data is missing.

regression model according to the research needs; Finally, we conduct The data is cleaned as follows: firstly, samples with serious missing

the statistical analyses. information are excluded based on the completeness of information
on key variables such as the amount of food waste and the rate of food
waste. Secondly, to minimize the interference of anomalous data with

3.1 Data sources the results, samples with a total amount of food preparation for 3 days
less than 0 are excluded, and the total amount of food waste and the

The data used in our study is from the CHNS, a collaboration  rate of food waste for 3 days in the household are reduced to the tail at

between the University of North Carolina and the Chinese Center for 1 and 99%. Our study ends up with 6,418 observations: 1168 samples

Disease Control and Prevention (CDC), which is the only larger-scale  in 2004, 1710 samples in 2006, and 3,540 samples in 2009.

micro-database of household food waste in China. The CHNS survey

includes data from 10 periods: 1989, 1991, 1993, 1997, 2000, 2004, 2006,

2009, 2011, and 2015, covering the provinces of Beijing, Liaoning, 3.2 Variable setti ngs

Heilongjiang, Shanghai, Yunnan, Jiangsu, Shandong, Henan, Hubei,

Zhejiang, Hunan, Guangxi, Guizhou, Chongqing, and Shaanxi (Figure 1).  3.2.1 Food waste

The CHNS database has been conducting research on respondents’ Any phenomenon that alters the availability, palatability, healthful

knowledge of dietary preference since 2004. The latest survey data  properties or quality of food, thereby reducing its own value, is
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FIGURE 1
Distribution of CHNS samples.
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collectively referred to as food loss; food loss at the consumption stage
is food waste. It can be seen that food waste refers to the food loss that
can be avoided in the consumption process under the existing
conditions, but the parts that are not suitable for consumption (such
as vegetable peels, bean dregs and bones, etc.) are not included in the
statistics (44, 45). In the measurement of food waste in residential
households, based on the availability of data, scholars mostly regard
the amount of food discarded on three consecutive days as the amount
of food waste directly (27). Our study also adopts such methods to
obtain food waste data. Starting from the correlation between the
amount of food waste and the amount of food preparation, our study
characterizes the level of food waste by calculating the food waste ratio
[food waste ratio=food waste*100/(total food purchase or self-
production +stock - total surplus in 3 days)]. It is worth noting that
the food items on which household wastage is measured basically
cover the food groups consumed by households on a daily basis. There
are three categories: cereals, vegetables and meat, eggs and milk.

3.2.2 Dietary preference

Drawing on the research of Min et al. (27), a composite score is
calculated using the entropy method based on the respondents’ scores
from the food preference questionnaire. The food preference of the
household members is measured by five questions on consumption of
fast food, savory snacks, fruits, vegetables, and soft drinks as shown in
Appendix Table Al. Responses for each food item consist of five
options: very dislike, dislike, neutral, like, and like very much, and are
assigned a score of 1, 2, 3, 4, and 5 in that order.

The more one likes fast food, snacks and sugary drinks, the higher
the score for such foods, which are not conducive to health according
to the healthy eating concept. Due to the premise that the higher the
food preference score, the healthier the diet of the family members.
Therefore, the direction of these three questions is adjusted to
be positive. The score of 5 is adjusted to 1. The score of 4 is adjusted to
2. The score of 3 remains unchanged according to the World Health
Organisation 1988 criteria. The composite food preference score is
calculated based on the adjusted respondents’ scores for the five food
preferences according to the entropy weighting method.

3.2.3 Control variables

Referring to the existing literature (27, 34) and based on data
availability, multiple variables in the dimensions of household head
characteristics, household size and economic characteristics are
introduced to mitigate the omitted variable problem as much as
possible. Specifically, because the head of household has a decision-
making role in household purchases and consumption, the gender,
age, education level, ethnicity, employment and labor intensity
status of the head of household are controlled (27, 46). Household-
level variables include the proportion of meals eaten away from
home, household income per capita, household size, proportion of
household members under 14 years old, proportion over 60 years
old, and average BMI of household members (11, 34). In addition,
the level of community development, urban-rural type (27) are also
introduced to control for the possible effects of community-level
factors. Considering the endogeneity issue of omitted variables, our
study also controls for temporal and regional characteristics. The
definitions and descriptive statistics of the variables are presented
in Table 1.
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3.3 Model settings

Referring to De Hooge et al. (47), the following model is
developed to verify the effect of dietary preference on food waste in
residential households:

Yy = o + BIDBy + 2 ki Zis + & (1)

Y = Bo + BiDP; + BoRUjs + B3DPy x RUjs + Z ki Ziz + £ (2)

where ¥}, is the explained variable residential household food
waste. DBy is the core explanatory variable dietary preference index.
RUj; is household refrigerator use.Zj; is the control variable.
DPy x RUj; is the interaction term between dietary preference index
and refrigerator use. By, f1, B2, B3, kisis the coeflicient of the variables,
respectively. gj; is the random error term. i, is the id of the household
head and year, respectively. The impact of dietary preference on food
waste is measured using Equation (1), while Equation (2) is employed
to test whether refrigerator usage moderates the relationship between
dietary preference and food waste.

In terms of specific model selection, since the food waste ratio
contains censored data, our study uses a count regression model for
the empirical analysis considering the robustness of the estimators.

4 Results
4.1 Descriptive evidence

In order to visualize the link between dietary preference score and
residents’ household food waste behavior, a simple comparative
analysis of household food waste is first conducted, as shown in
Figure 1. It is not difficult to find that the food waste per capita for
three consecutive days in households (94.21g) with lower dietary
preference score (<3.39) is significantly higher than that in households
(91.13g) with higher dietary preference score (>3.39). If the food
waste ratio is chosen as a comparative indicator, the mean food waste
ratio of the sample households is 3.21%. In addition, the food waste
ratio of households with lower dietary preference score is 3.33%,
which is higher than the sample mean, whereas the food waste ratio
of households with higher dietary preference score is the lowest at
3.11%. Thus, Figure 2 provides preliminary evidence that dietary
preference influence food waste.

4.2 Benchmark regression

According to Equation (1), fitting regression is performed using
stepwise regression method, and the result shows (Table 2) that the
coefficient of the effect of dietary preference on household food waste
is consistently negative and significant at the 5% level after controlling
for the possibility of influencing factors at the individual level, the
household level, the community level, and the urban-rural level,
respectively. Taking column (4) as an example, for every unit increase
in dietary preference, food waste of household residents will decrease
by three percentage points. This implies that an improvement in
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TABLE 1 The definition and statistical analysis of variables.

10.3389/fnut.2024.1415734

Variable Definition Mean  St. dev. Min Max
Food waste for three consecutive days * 100/(total food purchase or self-

Food waste ratio 3.21 447 0.00 22.06
production + stock - total surplus in three days) (%)

Weight of food waste Food waste per capita in households for three consecutive days (g) 92.54 139.23 0.00 712.50

DP Mean dietary preference score of household members 3.39 0.53 0.42 4.86

RU Whether having a refrigerator (1 =yes, 0=no) 0.63 0.48 0.00 1.00

Gender 1=male,0 =female 0.81 0.39 0.00 1.00

Age Age recorded on the day of the survey (years) 53.65 13.06 16.00 94.00
1 =Elementary school and below, 2 = Middle school, 3 =High school or

Education 1.99 0.94 1.00 4.00
Technical secondary school, 4 =Junior college and above

Ethnicity 1=Han, 0=minority 0.90 0.30 0.00 1.00

Work status Whether working (1=yes; 0=no) 0.60 0.49 0.00 1.00

Working intensity Distributed from 1 to 5, with intensity increasing in steps 2.45 1.26 1.00 5.00
Number of meals eaten away from home/total number of meals eaten over

Proportion of families eating out 8.78 18.22 0.00 100.00
3 days (%)

Family economic condition Household income per capita (yuan, log) 8.62 1.45 0.00 12.61

Household size Total number of family members (persons) 3.24 1.43 1.00 13.00

Age 14 Proportion of family members aged 14 years and less (%) 9.48 15.80 0.00 75.00

Age 60 Proportion of family members aged 60 years and older (%) 24.84 37.84 0.00 100.00
Household weighted BMI by age/household size (BMI = weight(kg)/square of

Family BIM 21.97 3.66 8.53 35.72
height (meter))

Community development Community development score 1.97 0.72 0.48 343

Urban-rural type 1=urban, 0=rural 0.41 0.49 0.00 1.00

Weight of food waste (g)
—&— Food waste ratio (%)
95 34

o 94 335
o N\
g 93 32.8
& ]
b o
° 2
QS 92 318
Py =
o <
g <3
o 91 309
o

=

90 29
<“mean >mean all samples
FIGURE 2
Descriptive analysis.

dietary preference significantly reduces food waste of household
residents, consistent with the findings of Qian et al. (38).

With respect to control variables, significantly more influential on
food waste ratio are gender, ethnicity, employment and labor intensity
status at the head of household level, income level per capita and BMI at
the household level, the community development index in which the
household is located, and urban-rural type. Specifically, household food
waste is more pronounced among female heads of households relative to
male, which is consistent with existing results (48). The likely reason for
this is that female heads tend to prepare more food based on dietary
nutritional balance considerations, with a corresponding higher level of

Frontiers in Nutrition

food waste. Ethnicity of the head of household negatively affects the
household food waste ratio at a significance level of 1%, with Han
households being relatively more frugal with food and having a lower
household food waste ratio. It may be related to the more sophisticated
cooking styles of the Han. Family with household head in employment
and high labor intensity has higher food waste ratio, which is consistent
with Wang’s (25) study. A plausible explanation is that the stable source of
income allows households to have better expectations of their future lives,
and the value that food brings is subjectively weakened. There is a
significant positive correlation between logarithmic household income
per capita and food waste. As household income per capita continues to
increase, the higher the consumption level and quality of life, the more
serious the food waste is. This is consistent with the results of Ding’s (34)
study on food waste in Chinese households. Compared to households
with lower BMI, the higher the household BMI, the more family members
pay attention to figure management. That may increase food waste due to
figure control, validating Qian et al. (11). The community development
index is calculated based on the scores of the community survey about
population density, economic activities, transportation and sanitary
conditions, and the entropy method is comprehensively applied. The
community development index has a significant negative effect on food
waste, verifying Mins (27) view. As the comprehensive community
development index continues to rise, the overall quality of people is also
improving. They are more concerned about balanced dietary nutrition,
avoiding too much fish and meat, and favoring moderate amounts of
staple foods and vegetables, thus reducing food waste. Overall, as both
producers and consumers of food, households in rural areas are more

frontiersin.org
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TABLE 2 Dietary preference and food waste behavior.

fitted regression is conducted according to the stepwise regression

Variable Food waste ratio method. The result shows (Table 3) that dietary preference consistently
) 3) negatively affects the weight of food waste in residential households,
again verifying that the higher the dietary preference score, the lower
o —0.032%% —0.034%% —0.032%* —0.030%* the food waste.
(0.014) (0.014) (0.014) (0.014)
Geond —0127%F% | —0.140%F% | —0.146%FF  —0.151%%% 4.3.2 Instrumental variable regression
ender
(0.019) (0.020) (0.020) (0.020) Households with less food waste are more conscious of saving and
0.001 —0.006%+% —0.006%%* 0,006+ healthy eating, resulting in higher dietary preference scores.
Age 0.001) (0.001) (0.001) (0.001) Conversely, households with more food waste are likely to pay less
attention to the concept of healthy eating. That is, there is likely to be a
—0.014 —0.017% ~0.006 ~0.006 ) !
Education reverse causal link between dietary preference and food waste
(0.009) (0.009) (0.010) (0.010) ) ) ) )
behavior. To alleviate the possible endogeneity problem, our study
Ethnicity A B e A B tries to introduce an instrumental variable to solve it. Drawing on
(0.026) (0.026) (0.026) (0.026) Wang’s (25) idea of constructing an instrumental variable, our study
Work sat 0.113%%* 0.118%%% 0108 0.0997%% chooses the provincial dietary preference score as an instrumental
orK status
(0.019) (0.020) (0.020) (0.020) variable for the dietary preference of residential households. Logically,
Working 0,042+ 0,050 003475 00327+ this variable is appropriate as an instrumental variable. Firstly,
intensity (0.007) (0.007) (0.008) (0.008) household dietary preference is affected by the environment and
) ) culture of the region, and there is an obvious cohort effect. Therefore,
Proportion of 0.000 0.001 0.001%* . L. .
o the dietary preference at the provincial level is closely related to the
families eating (0.000) (0.000) (0.000) . Lo .
. dietary preference of household, satisfying the correlation. Secondly,
oul
provincial-level dietary preference is not directly related to micro-level
Family economic 0018 0021 0023 residents’ household food waste, thus satisfying exogeneity. The
condition (0.006) (0.006) (0-006) IV-based regression result demonstrates that the F value is greater
Household siz —0.003* —0.005%* —0.005%* than 10, indicating that the selected instrumental variable is not a
ousenold size
(0.006) (0.006) (0.006) weak instrumental variable. Table 4 shows that after effectively
—0.003%F% | —0.003%%% | 0,003 controlling for possible endogeneity issue, dietary preference still
Age (0.001) (0.001) (0.001) robustly influences household food waste behavior.
0.003%#% 0.003%#% 0.003%#%
Age o0 (0.000) (0.000) (0.000)
: : : 4.4 Heterogeneity analysis
—0.010%#% | —0,009%% | —0.010%*
Family BIM
(0.003) (0.003) (0.003) China is a vast territory with significant geographic and cultural
Community =0.067%%% | —0.051% differences. According to the previous analysis, the gender and age
development (0.014) (0.014) characteristics of household decision makers, differences in household
Urban—rural 0.066%%* size and economic level, urban-rural type, and north-south region
type (0.018) also affect household food waste behavior. In order to identify the
Region trend Yes Yes Yes Yes heterogeneous effects of dietary preference on food waste ratio, our
study draws on existing studies (11, 27) to conduct a subgroup
Time trend Yes Yes Yes Yes . . .
comparative analysis from the above perspectives.
1,402 1.816%# 1,924 1,924
Constant
(0.078) (0.114) (0.116) (0.116)
Pseudo R® 0.043 0.046 0.046 0.047
N 6,253 6,069 6,069 6,069 TABLE 3 Robustness tests I: replacing explained variables.

Standard errors in parentheses; significance level *p<0.10, *¥p <0.05, and **#*p <0.01.

Variable Weight of food waste

prone to food waste than that in urban areas due to their resource

(2) (3)

endowment advantages and improper storage of crop fruits.

o —0.026* —0.026* —0.027* ~0.026*
(0.015) (0.015) (0.015) (0.015)
4.3 Robust test Control variable Yes Yes Yes Yes
Region trend Yes Yes Yes Yes
4.3.1 Replacement of food waste indicator Time trend oo s s s
In order to verify the robustness of the above regression results,
2
this section selects the logarithm of the weight of food waste as the Pseudo R 0023 0028 0.028 0028
explained variable drawing on Ding et al. (34) to sequentially examine N 6,169 6,069 6,069 6,069

the effect of dietary preference on the absolute value of food waste. The  Standard errors in parentheses; significance level *p <0.10, **p <0.05, and ***p <0.01.
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TABLE 4 Robustness tests II: instrumental variable regression.

Variable Food waste ratio

Two-stage regression result

1 (2) (3) (4)
—2.347%%* —2.837%#%* —2.912%%* —2.890%**
P (0.858) (1.057) (1.076) (1.089)
Control variable Yes Yes Yes Yes
First-stage regression result

provincial dietary 1.067%%* 0.964*%* 1.005%#* 0.993%*
preference (0.109) (0.116) (0.119) (0.119)
Control variable Yes Yes Yes Yes
Weak instrumental 95.52 68.72 71.00 69.41
variable test
N 6,253 6,069 6,069 6,069

Standard errors in parentheses; significance level #p <0.10, *#p <0.05, and ***p <0.01.

TABLE 5 Heterogeneity analysis: gender.

Variable Food waste ratio

Male Female

0.019 —0.212%%%
br (0.016) (0.029)
Control variable Yes Yes
Region trend Yes Yes
Time trend Yes Yes
Pseudo R* 0.045 0.077
N 4,978 1,091

Standard errors in parentheses; significance level *p <0.10, **p <0.05, and **¥p <0.01.

4.4.1 Comparative analysis of gender and age of
household head

It has been shown that female is significantly different from
male in making decision about household food waste due to
considerations such as body shape and balanced household
dietary. Households headed by females have higher food waste
ratio (11, 27). A comparative sub-sample analysis by gender in
this sub-section (Table 5) finds that dietary preference
significantly reduces female household food waste compared to
male-headed household, while other variables remain the same.
It is important to pay attention to gender differences and to the
‘Love Food, Hate Waste’ campaign of the female group.

Famine experience or life experience can affect household
members food consumption decisions (34). If the difference in food
waste ratio between older and younger household heads is measured
(Table 6) according to the three criteria of whether it is greater than or
equal to the mean, whether it is greater than or equal to 50 years old,
and whether it is greater than or equal to 60years old (25), it is
concluded that the food waste ratios of both younger and older
household heads decrease brought about by the improvement of their
dietary preferences. The higher the dietary preference score, the more
emphasis is placed on nutrition and health. As the more reasonable
the food consumption structure is, the more choices are made for
family meals, and the less food waste is caused. However, the food

Frontiers in Nutrition

10.3389/fnut.2024.1415734

waste effect of dietary preference for older household heads is not
significant. This may be due to their age limitation, resulting in a more
concentrated score of dietary preferences with little difference.

4.4.2 Comparative analysis of household size and
household income

Household size can affect collective decision-making rules, which
in turn affects the food waste behavior of its members. According to
whether the household size is greater than or equal to the mean, the
overall samples are divided into small-scale and large-scale households
(2). For households of different sizes, the results (Table 7) indicate that
an improvement in dietary preference score significantly reduces food
waste ratio. In small-scale households, each unit increase in dietary
preference will result in a 6.4 percentage point reduction in household
food waste ratio. The effect of dietary preference on food waste ratio
is not significant for large-scale households. The possible explanation
is that large-scale households have more daily meal preparations (11)
and the reduction in food waste ratio due to dietary preference is
not significant.

Differences in household economic levels will be reflected in
their food purchasing and consumption behaviors (27). It is
divided into two sub-samples according to whether or not the
economic income per capita of the household is greater than or
equal to the sample mean. The result of the analysis (Table 8)
shows that the dietary preference of high-income households
significantly negatively affects food waste ratio, which may
be related to the adjustment of dietary structure. When the
income level is higher, there is a greater emphasis on healthy
eating, a more diverse dietary structure, and reduced food surplus
(49). Therefore, the effect of lower food waste ratio brought by
higher dietary preference score is more obvious. Comparatively
speaking, the decrease in food waste ratio brought about by the
increase in dietary preference score of low-income households is
not significant.

4.4.3 Comparative analysis of southerners and
northerners

Tracing back to historical origins, there are large differences in the
types and structure of cuisine between north and south in China. The
group comparison by northern and southern regions (Table 9) reveals
increasing the northern families’ dietary preference will significantly
reduce food waste at a 1% level compared to southern families. This
may be related to the geographical and dietary culture of northern
families (11, 49). Compared to the south, the northern region has a
stronger emphasis on ‘face’ culture, with larger portion sizes on each
plate. If dietary preference can be effectively increased, the effect of
food waste reduction will be more obvious in north.

4.4.4 Comparative analysis of urban—rural type

There are significant differences in the dietary structure of urban
and rural residents (50), and food waste behaviors also differ.
According to the classification of urban and rural households
(Table 10), both can reduce food waste by increasing their dietary
preferences. However, the food waste reduction effect of increasing
dietary preference among rural households is not significant. A
possible explanation for this is that households’ dietary preference
scores are more concentrated in rural areas and the effect of higher
dietary preference score on food waste is not significant.
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TABLE 6 Heterogeneity analysis: age.

10.3389/fnut.2024.1415734

Variable Food waste ratio
Whether >50 Whether >mean Whether >60
510) >50 <55 >55 <60 >60
—0.053% —0.008 —0.034 —0.027 —0.041%% —0.026
P (0.020) (0.019) (0.017) (0.023) (0.016) (0.027)
Control variable Yes Yes Yes Yes Yes Yes
Region trend Yes Yes Yes Yes Yes Yes
Time trend Yes Yes Yes Yes Yes Yes
Pseudo R* 0.058 0.046 0.050 0.056 0.047 0.068
N 2,454 3,615 3,356 2,713 4,178 1891

Standard errors in parentheses; significance level #p <0.10, *#p <0.05, and ***p <0.01.

TABLE 7 Heterogeneity analysis: household size.

TABLE 10 Heterogeneity analysis: urban and rural.

Variable Food waste ratio
Variable Food waste ratio
Small-scale Large-scale
households households Urban Rural
—0.064%** 0.019 —0.078%%* —0.011
DP DpP
(0.017) (0.024) (0.021) (0.018)
Control variable Yes Yes Control variable Yes Yes
Region trend Yes Yes Region trend Yes Yes
Time trend Yes Yes Time trend Yes Yes
Pseudo R* 0.051 0.063 Pseudo R* 0.065 0.105
N 3,895 2,174 N 2,470 3,599

Standard errors in parentheses; significance level *p <0.10, *#p <0.05 and ***p <0.01.

TABLE 8 Heterogeneity analysis: household income.

Variable Food waste ratio
Low-income High-income
households households

—0.020 —0.038%%

DP

(0.027) (0.016)

Control variable Yes Yes

Region trend Yes Yes

Time trend Yes Yes

Pseudo R? 0.062 0.055

N 1,554 4,535

Standard errors in parentheses; significance level *p <0.10, **p <0.05, and ***p <0.01.

TABLE 9 Heterogeneity analysis: southerners and northerners.

Variable Food waste ratio
South North
o 0.017 —0.072%%%
(0.018) (0.022)
Control variable Yes Yes
Region trend Yes Yes
Time trend Yes Yes
Pseudo R* 0.073 0.041
N 3,327 2,742

Standard errors in parentheses; significance level *p <0.10, *#p <0.05, and ***p <0.01.
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Standard errors in parentheses; significance level #p <0.10, *¥p <0.05, and ***p <0.01.

5 Discussion
5.1 Household food waste

In recent years, household food waste has been widely emphasized
globally. Scholars at home and abroad have measured the level of
household food waste in different countries based on different
research methods, and the relevant literature is presented as follows:

As shown in Table 11, food waste in Chinese households is much
lower than that in Western households. The difference in the level of food
waste may be closely related to the level of economic development (Qian
etal, 2021). As a developing country, Chinas food losses are mainly due
to losses at the production, processing, transportation and storage stages,
whereas in most developed countries, where food production and
processing technologies are mature, food losses mainly originates from
wastage at the retail and consumption stages (56). Another reason for the
difference in the level of food waste is the difference in food culture
between the East and the West. As a country with a long history, China
has a tradition of thrift and frugality since ancient times, advocating for
food conservation and opposing food waste.

5.2 The study of moderating effect of
refrigerator use

Research has shown that the application of cold storage devices
such as refrigerators can help to delay food spoilage relative to ambient
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TABLE 11 Summaries of major studies on food waste in China and abroad.

10.3389/fnut.2024.1415734

Author Country Main conclusions

Quested etal. (51) England Total household waste in the UK is 19% of all food and drink brought home by weight

Silvennoinen et al. (52) Finland When comparing the weight of food purchased with the avoidable food waste, the average waste rate is about 4 to 5%
Campoy-Munoz et al. (53) Spain Average household food waste ratio is 42% extrapolated from samples in Spain, Germany, Poland

Yu etal. (54) America Households waste an average of 31.9% of their food purchases

Berjan et al. (55) Serbia 80% of respondents wasted less than 10% of cereals and less than 5% of vegetables and fruits

Author China On average, 92.54 g of food is wasted per capita in Chinese households on 3 days, with a food waste ratio of 3.21%

conditions, allowing for food preservation periods to be extended
(57). Thus, when households are unable to consume leftovers in a
timely manner due to preferences or other reasons, households with
refrigerators are in a good position to wait for the next consumption
by preserving ingredients at low temperatures rather than throwing
away the food. Moreover, as refrigerators are upgraded and become
increasingly intelligent, the refrigerator system sends food information
to the user by checking and tracking the food in real time. This allows
households to make informed consumption choices to avoid food
being wasted due to spoilage (58).

In order to verify whether refrigerator use has a moderating effect
on the effect of dietary preference on food waste, and with reference
to the Min et al. (27) study, this section introduces a fitted regression
with a interaction term for dietary preference and refrigerator use.
Table 12 presents the estimation results of household food waste by
step, including variables for dietary preference, refrigerator use, and
their cross terms. The estimation of household food waste finds that
the interaction term between dietary preference and refrigerator use
significantly affects food waste ratio, implying that refrigerator use
does have a moderating role in dietary preference influencing food
waste behavior.

Reducing food waste is a complex economic, social and
environmental issue (59). Multiple measures should be adhered to
reduce food waste, thus achieving the goal of sustainable development.
Based on the above studies, it is not difficult to draw the following insights.

Firstly, it is important to publicize knowledge of nutrition and
health, raise awareness of food conservation and improve dietary
preferences. In order to cultivate healthy dietary habits among urban
and rural residents, efforts should be stepped up to publicize
nutritional and health information and to popularize the health
hazards of poor diets, such as fast food, salty snacks and sugary drinks.
At the same time, easy-to-understand posters and pamphlets should
be designed to continue the ‘Clean Your Plate Campaign’ for raising
awareness of food conservation among urban and rural residents.

Secondly, it is important for developing countries in general to
accelerate the promotion of refrigerators to reduce food waste.
Households without refrigerators can be subsidized for home
appliances to encourage the purchase of refrigerators, which together
will help to save food and reduce waste. Given the varied financial
situations of different demographics regarding the purchase of
refrigerators, appliance subsidy policies for refrigerators should
be tilted toward low-income families and rural groups.

Finally, it is crucial to focus on improving the dietary preference
of small-scale households. In view of the fact that an increase in the
dietary preference score of small-sized families will have a greater
effect on reducing food waste and the reality that Chinas current
family structure is gradually shifting toward small-sized families,
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TABLE 12 Dietary preference, refrigerator use and food waste.

Variable Food waste ratio
(2) (3)
—0.030%* —0.024* 0.002
DP
(0.014) (0.014) (0.021)
—0.153%%* —0.151%%* 0.002
RU
(0.018) (0.018) (0.093)
—0.046*
DPxRU
(0.027)
Control variable Yes Yes Yes Yes
Pseudo R? 0.047 0.048 0.048 0.049
N 6,069 6,067 6,067 6,067

Standard errors in parentheses; significance level *p <0.10, *¥p <0.05, and ***p <0.01.

attention should be focused on the dietary preference of small-sized
family members. Regular family communication and exchange can
be organized to understand their dietary situations and confusions,
and corresponding support and suggestions can be provided to
improve the overall dietary preference score of families.

It should be noted that our study has certain shortcomings. Firstly,
the research data on household food waste among Chinese residents
is not novel enough. The investigation on household food waste is
time-consuming and laborious, thus data collection is difficult. The
existing databases on food waste at the household level are very
limited. The accessible CHNS database collects data on food waste at
the household level, but the data for our study is outdated due to the
discontinuation of food waste data in 2015 and beyond. However, the
perspective of our study is the impact of dietary preferences on food
waste. Considering the millennia-old tradition of food consumption
and the current state of household dietary preference, it is expected
that our study can still provide credible and contemporary findings.
Secondly, although higher dietary preference score has a certain effect
on food waste, dietary preference is strongly influenced by geography
and socio-culture. How to improve the residents’ dietary preference is
an urgent problem that needs to be solved. Further research on the
influencing factors of the residents’ dietary preference needs to
be followed up.

6 Conclusion

Based on the CHNS database, our study examines the association
between dietary preference and food waste in Chinese urban and rural
households. Statistical descriptions reveal that 63% of the households
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exhibit varying degrees of food waste behavior, indicating that food
waste is relatively common. The empirical results show that:

i Thereisasignificant correlation between dietary preference
and food waste. Overall, increasing dietary preference
score will significantly reduce household food waste
among residents.

Heterogeneity analysis reveals that dietary preference has a

=

i
more pronounced effect on reducing household food waste in
female-headed households relative to male-headed households.
The food waste reduction effect of dietary preference is more
significant for households with younger household heads
compared to households with older household heads. Given
the amount of food preparation for different household sizes,
the food waste reduction effect of dietary preference is more
pronounced for smaller households. In addition, dietary
preference has a significant negative impact on food waste in
urban households.

=

iii Further analysis reveals that the moderating effect of
refrigerator use on the effect of dietary preference on food
waste is further enhanced by household owning a refrigerator,
grouped according to whether or not the household owns

a refrigerator.
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Appendix

TABLE Al Food preferences.

10.3389/fnut.2024.1415734

Food item How much do you like this food: Like very much, like somewhat, dislike somewhat, or

dislike very much?

1 dislike very much
2 dislike

3 neutral

4 like

5 like very much

9 does not eat this food

Fast food (KFC, pizza, hamburgers, etc.)

Salty snack foods (potato chips, pretzels, French fries, etc.)

Fruit

Vegetables

Soft drinks and sugared fruit drinks
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