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Abstract: Food waste has become a global problem, causing widespread concern in all sectors of society.
Many scholars and institutions have researched this issue from different perspectives, but theoretical
and empirical research on food waste from the perspective of consumer perception is still limited.
Therefore, this study constructs a theoretical framework based on food waste behavior of households
and empirically analyzes the effect of consumer perception on food waste by 273 Chinese urban
households eating at home. The reliable urban household food waste data are based on a combination
of household questionnaire surveys, bookkeeping surveys, weighing surveys, and semi-structured
interviews in 2018. The survey site is Zhengzhou City in Henan Province. The results show that the
higher urban household consumer perception positive index, the smaller the amount of food waste
per capita per meal, and the higher urban household consumer perception negative index, the greater
the amount of food waste per capita per meal. These results suggest consumer perception affects
urban household food waste behavior significantly. We need to encourage consumers to form a joint
effort to change consumer perception about food waste in order to reducing food waste.
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1. Introduction

Food waste is a global problem causing widespread concern. Globally, around one-third of the
world’s food produced for human consumption (about 1.3 billion tons) is wasted or lost per year [1].
Currently, food waste is widespread and since it is a burgeoning problem, it has been the subject of
much research. Food waste has been studied in the United States [2], Switzerland [3], Finland [4],
Germany [5], Spain [6] and China [7]. Food waste is a significant problem in China, where the food
waste per capita per meal in 2015 is 79.52 g in the catering industry [8] and the annual food waste
in 2009 is estimated to be around 120 million tons [9]. According to a report jointly issued by the
World Wide Fund for Nature (WWF) and the Institute of Geographic Sciences and Natural Resources
Research, Chinese Academy of Sciences (IGSNRR, CAS), food waste in the urban areas of China is
around 17–18 million tons in 2015 alone, which is equivalent to 3% of the national food production [10].

Food waste means not only the waste of food itself, but also an inefficient and wasteful input of the
water, land, and other resources needed to produce the food. Therefore, food waste not only consumes
global resources [11–13], but also contributes to severe resource and environmental pressures [14–16].
Various resources are used for the production of food, so the waste of food also means the loss or
waste of those input resources, like land resources and water resources. According to the Food and
Agriculture Organization of the United Nations, global food waste means the opportunity loss of arable
land, surface water, and carbon dioxide emissions. For instance, when converted into greenhouse
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gases, the food discarded annually by Finnish households is approximately equal to the annual carbon
dioxide emissions of 100,000 cars [17]. Even today, more than 820 million people in the world are still
hungry [18]. If food loss and waste reduction could be achieved, by redistribution of the wasted food
and/or by utilizing scarce input resources effectively, it would gradually help to reduce the numbers of
hunger-stricken people from a global perspective.

Food waste occurs in all stages of the food supply chain and around 35% of the food loss and
waste occur from the consumer side [19]. Household food waste accounts for the most significant
part of total food waste in developed countries [20,21]. Globally, this part is expected to increase with
growing middle classes in emerging countries [22]. For example, around 130 million kg of food waste
is generated each year (23 kg per capita/year) by the household sector in Finland [17]. The annual
average food waste of households is estimated to be 65.49 kg per capita in Hungary [21]. In Germany,
household food waste accounts for a large share of total food waste [23]. In Tehran, every consumer in
household wastes about 27.6 kg of edible food annually and about 25 million tons of food go wasted or
lost in Iran [24]. Because of the importance attached to this issue, an increasing number of studies on
household food waste have been published in recent years [25–30].

Generally, food waste at the consumer level is the result of consumer behavior, which is influenced
by consumer perception. To reduce food waste, it is therefore necessary to develop a clear understanding
of its root causes at the individual level [31]. Currently, the situation and causes of food waste are
not entirely clear, as there is a lack of first-hand survey data. Over half of existing publications are
based only on secondary data [32], which signals the data on food waste in existing publications are
also inconsistent, and the estimated results are quite different. Further, few studies analyze the food
waste behavior of households eating at home based on consumer perception. Consequently, based on
the theory of allocation time proposed by Becker [33], this study attempts to construct food waste
theoretical framework eating at home. Based on reliable food waste data from field surveys of urban
households, the effect of consumer perception on food waste behavior of urban households eating at
home is empirically and quantitatively analyzed. This study will help broaden food waste research
and provide scientific support for food waste reduction.

2. Theoretical Framework

This study constructs a theoretical framework for the study of household food waste, based on
a theory of allocation time proposed by Becker [33]. On this basis, the study analyzes the effect of
consumer perception on the food waste behavior of urban households eating at home. The specific
purpose of the theoretical framework deduction is to show that consumer perception is an important
factor affecting food waste.

According to traditional and improved selection theories, households maximize their utility
functions during meals. We define U as the total utility of the household during the process of
decision-making meal and dining at home. Based on the assumption of rational individual in
economics, households should also maximize their total utility in the process of decision-making
and eating. The maximum total utilities can be expressed as Umax. According to the Becker model,
households use their time and the products available in the market to produce basic products, which can
be directly incorporated into the households’ utility functions. Households are affected by consumer
perception when producing basic products, therefore consumer perception should be included in
a household’s utility function. Consumer perception is indicated by the symbol δ. We define y as
the basic commodity produced by household using time and market commodities. They include
household food intake x and household food waste w. During household decision-making meal and
dining at home, the optimal combination of a household’s products is selected to maximize the total
utility of meals:

U = U
(
yi, · · · , ym; δ

)
(1)

yi = fi(zi, Ti) (2)
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where y is a function of market products and time and yi represents the i-th basic commodity produced
by the household’s comprehensive use of time and market goods, zi represents the food raw materials
purchased by the household from the market, and Ti represents the household raw food materials
used along with time to produce household basic commodities.

We define x as the household’s food intake, which affects its overall utility U, where x belongs to
y. Based on the basic attributes of urban households eating at home, the quantity of food prepared by
urban households is greater than or equal to the expected food intake, that is, yi ≥ E(xi). The utility of
these urban households can be divided into the utility from simple food intake by household members
and the utility from food waste in the household.

We define Ueat as the utility derived from simple food intake by household members. Its effect is
based on the physiological functions of urban households. When household members have dining
needs, this variable measures the effect of the simple food intake on them. Ueat is generally affected by
both household food intake and the consumer perception of household, which is expressed as:

Ueat = U(xi, · · · , xm; δ) (3)

Due to the physiological limits of food being consumed by household members and the assumption
of economic rationality, the total utility of household meals should be maximized so there is a maximum
household food intake during meals. The utility from simple food intake Ueat, for household members
should meet the following conditions:

lim
xi→0+

∂Ueat/∂xi > 0 and lim
xi→0+

∂2Ueat/∂x2
i < 0 (4)

The utility from food intake by household members first increases and then decreases, and its
marginal effect is decreasing. If there exists xαi so that ∂Ueat/∂xi = 0, the utility from simple food intake
for household members begins to decline, ∂Ueat/∂xi < 0.

As rational individuals, when household members eat xαi , their simple food intake has the greatest
utility. If xαi < yi exists at this time, there is a waste of food in the household. If we define wi as the
amount of food waste in the household, then:

wi = yi − xαi (5)

At this time, household utility comes from two aspects: The utility from food consumption for
household members and the utility from food waste for household members.

We define Uwaste as the effect of food waste on households. The w is the amount of food wasted by
the household and Uwaste is part of the overall utility U. Uwaste is affected bythe amount of household
food waste and the consumer perception of household food consumption. Its formula is as follows:

Uwaste = U(wi, · · · , wm; δ) (6)

We define x∗i as the household’s optimal amount of meals to maximize the total utility of the
household dining at home, Umax. When the problem of food waste has no effect on the household,
that is, when the household’s perception level of food waste is zero (δ = 0), the household can maximize
its effect by adjusting the amount of food consumed. When the amount of household meals reaches xαi ,
their utility is maximum. At this time, there exists x∗i = xαi .

When the problem of food waste has a negative effect on the household, the household has
two ways to compensate for the negative effect. The first is when the household controls the number
of prepared meals, yi, so that a small amount of food is prepared to prevent waste; the second is when
the number of prepared meals is greater than the amount of the meals, meaning that the household
reduces food waste by increasing meal amounts.
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In the first case, yi ≤ xαi , and when yi ≤ x∗i , then the household consumes all the prepared food
and there is no food waste.

In the second case, yi > xαi , and when yi > x∗i , the household will reduce food waste by increasing
the size of meals and maximize its utility. The x∗i is the optimal meal quantity. When x∗i < xi < yi,
if the household chooses to increase the amount of meals to reduce food waste, the increased meals,
∆xi = xi − x∗i , will have negative effects on the household (e.g., physical discomfort). At this time,
the amount of food waste in the household will also change due to changes in the amount of meals.
As households seek to maximize the utility of their own meals, when a household chooses to increase
the amount of meals to reduce food waste, the changes in its utility come from two aspects: The first is
the decline in the utility caused by increased meals and the second is the increase in utility caused by
waste reduction. When the marginal increase and decrease of the household meal utility are equal,
the meal amount is the optimal meal amount of the household.

In the first case, the utility level is less than the utility level of the optimal meal amount, indicating
that there is a loss of utility. In the second case, since the actual amount of meals is greater than the
optimal amount and a certain amount of food waste is generated, the utility level is less than the utility
level of the optimal meal, meaning that there is a loss of utility. Rationally, households will choose the
lower utility loss.

Function y shows that the household is not only a unit of utility maximization, but also a unit
of production. The household comprehensively uses time and market products to produce the basic
product yi through production function y, and selects the optimal combination of household products
to maximize this utility function. Household needs raw materials and time to prepare food so the
household meals are maximized also constrained by commodities and time.

m∑
1

pixi +
m∑
1

piwi = I f ood = V + Tl·l− Iun f ood (7)

where pi represents the unit price vector of yi (i.e., xi and wi), Tl represents the time vector for work,
l represents the remuneration per unit of Tl, V represents other income, I f ood represents the total
household expenditure on food, and Iun f ood represents the total non-food expenditure of household.

The time constraints for maximizing the utility of household meals are:

m∑
1

Ti = T f ood = T− Tl − Tun f ood (8)

where T represents the total amount of time available, T f ood is the time vector used by the household
for food consumption, and Tun f ood is the time vector for activities other than the working and the
consumption of food.

Time vector Tl, which represents the time constraint used for work, is included into the commodity
constraint and a single constraint is obtained as follows:

m∑
1

pixi +
m∑
1

piwi = I f ood = V +
(
T− T f ood − Tun f ood

)
·l− Iun f ood (9)

According to the utility function and constraints of household dining, the Lagrangian function is
constructed as:

L = U(xi, · · · , xm; δ) + U(wi, · · · , wm; δ) + γ
[
V +

(
T− T f ood − Tun f ood

)
− Iun f ood − I f ood

]
(10)

By maximizing the condition of the utility function, we get:

x∗ = x (p, l, v, T, δ) (11)
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w∗ = w (p, l, v, T, δ) (12)

That is,
(x∗, w∗) = f (p, l, v, T, δ) (13)

Then, ∂w
∗

∂δ is the effect of consumer perception on household food waste behavior when eating
at home. It should be pointed out that consumer perception is reflected by the consumer perception
positive and negative indexes. Consumer perception positive index refers to a series of factors that can
promote consumers to reduce food waste. Consumer perception negative index refers to a series of
factors that cause consumers food waste.

3. Materials and Method

3.1. Data Collection

The urban household food waste data were based on combination of household questionnaire
surveys, bookkeeping surveys, weighing surveys, and semi-structured interviews. Stratified random
sampling is used to obtain the urban household food waste sample. The surveyed site is Zhengzhou
City, Henan Province and the surveys take place from April to May in 2018. First of all, according
to the ranking of per capita disposable income of urban residents in Zhengzhou, municipal districts
of Zhengzhou were divided into three levels, from which Jinshui District, Erqi District, and Huiji
District were randomly selected as research areas, and the sample size of each district was determined
according to the proportion of households in each urban area. Secondly, based on the level of
community development in each research area, the communities in the research area were divided into
high, medium, and low levels, and sample communities were randomly selected from the communities
with different levels. Finally, several residential areas were randomly selected from each sample
community, and the sample households are determined according to the principle of equal distant
sampling based on the household register of the residential area.

There was a total of 309 households that participated in the survey and 273 households completed
the questionnaires and provided reliable data at a response rate of 88.35%. Table 1 shows the surveyed
areas. Each household was followed-up for three consecutive days. Due to the differences in food
consumption and waste behaviors between weekdays and weekends, the three consecutive days
included two consecutive weekdays and one weekend day. Specifically, the investigator visited the
household every day to obtain its food waste data by weighing and recording the edible food discarded
by the household during meals and the food discarded due to expiry or deterioration. Uniform
electronic scales are used to weigh the waste materials. The unit of measurement of the electronic
scales was grams and the maximum load was 5 kg.

Table 1. Survey areas of urban household food waste in 2018.

Survey Time Survey City Survey Area Sample Size

2018 Zhengzhou
Jinshui District 150
Huiji District 33
Erqi District 90

Total 273

3.2. Empirical Analysis

This study uses the amount of food waste per capita per meal of urban households eating at home
as dependent variable to empirically analyze the food waste behavior of urban households eating at
home. Since part of food waste per capita per meal data of the respondents is equal to 0, a Tobit model
is adopted to overcome the data interception of the dependent variable. This model is considered that
the dependent variable has a lower limit, and the upper limit or the existence of the limit value has
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already received extensive attention in the academic community. This model is a restricted dependent
variable model in which the explanatory variable is not only continuous, but also tailed.

We define y∗ as a continuous random variable representing the amount of food waste per capita
per meal of urban households. Only when y∗ is greater than 0, is y = y∗. When y∗ is less than or equal
to 0, y = 0. At the same time, a series of exogenous variables x is chosen to explain the behavior of y.
In this way, the standard Tobit model is formed.

y∗i = x′iβ+ εii = 1, 2, · · · , N, εi ∼ N
(
0,σ2

)
(14)

yi =

{
y∗i , when y∗i > 0
0, when y∗i ≤ 0

(15)

where β reflects the effect of x on y∗, not on y.
At this point, the likelihood function expression for this model is as follows:

L
(
β,σ

∣∣∣yi, xi

)
=

∏
yi=0

F
(
−xiβ

σ

) ∏
yi>0

1
σ

f
(

yi − xiβ

σ

)
(16)

In the above formula, F and f are the distribution and density functions of the standard normal
distribution, respectively. The log-likelihood function of this model is as follows:

InL
(
β,σ

∣∣∣yi, xi

)
=

∑
yi=0

In
[
1−Φ

(
−xiβ

σ

)]
+

∑
yi>0

−1
2

In(2π) + Inσ2 +

(
yi − xiβ

)2

σ2


 (17)

In this model, yi represents the amount of food waste per capita per meal of the i-th sample and xi

represents the factors that affect food waste. In this study, we focus on analyzing the effect of consumer
perception on food waste behavior.

3.3. Main Variables

The food waste measured in this study is the edible and non-liquid portion of the residual food.
Inedible constituents of the food surplus like excipients, bones, and liquids are excluded. Because
during the cooking process, food may absorb water, dehydrate, or absorb fat, we convert the measured
weight of waste into the weight of food raw materials. Urban household consumer perception is
reflected by the urban household consumer perception index, which consists of the positive and
negative consumer perception index. Definitions of the main variables are shown in Table 2.

Table 2. Variable definitions.

Variable Name Variable Description Variable Value

pw Food waste per capita per meal in the surveyed
households over three consecutive days

Food waste per capita per meal in the surveyed
households over three consecutive days in grams.

positive index Consumer perception positive index. It consists
of 10 survey questions that can promote

consumers to reduce food waste

Values: 0–50. The larger the value, the higher the
consumer’s perception about reducing food waste

negative index Consumer perception negative index. It consists
of 10 survey questions that can cause consumers

waste food.

Values: 0–50. The larger the value, the lower the
consumer’s perception about reducing food waste

gender The gender of the respondents 1 for male and 0 for female

age The age of the respondents The age of respondents in years

marriage Marital status of respondents
unmarried Whether the respondents are unmarried 1 for unmarried respondents, and 0 otherwise

(reference group)
married Whether the respondents are married 1 for married, and 0 otherwise
divorce Whether the respondents are divorced 1 for divorced, and 0 otherwise

widowed Whether the respondents are widowed 1 for widowed, and 0 otherwise
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Table 2. Cont.

Variable Name Variable Description Variable Value

edu The education level of the respondents The range of values is 1–8: 1 (never attended school);
2 (primary); 3 (junior high school); 4 (high school);

5 (junior college);6 (university); 7 (master); 8 (doctor)

farmer Whether the respondents have
farming experience

1 for farming experience, and 0 otherwise

employ The employment of respondents
full-time job Whether respondents have full-time jobs 1 for full-time job, and 0 otherwise
part-time job Whether respondents have part-time jobs 1 for part-time job, and 0 otherwise
unemployed Whether respondents are unemployed 1 for unemployed, and 0 otherwise

retirement Whether respondents are retired 1 for retired, and 0 otherwise
housework Whether respondents are homemakers 1 for homemakers, and 0 otherwise (reference group)

odd jobs Whether respondents only perform odd jobs 1 if the respondent is accepting odd jobs,
and 0 otherwise

other Any other employment status of respondents 1 for other employment, and 0 otherwise

pincomem The monthly income level per capita of
the household

The range of value is 1–8: 1(under 2000 RMB);
2(2001–4000 RMB); 3(4001–6000 RMB);

4(6001–8000 RMB); 5(8001–10,000 RMB);
6(10,001–12,000 RMB); 7(12,001–14,000 RMB);

8(above 14,000 RMB)

animal Whether the households have pets 1 if the households have pets, and 0 otherwise

cooker Whether the respondents are actively cooking 1 if the respondent cooks, and 0 otherwise

info_fre Whether the respondent noticed food waste in
the past 3 months

1 if the respondent noticed, and 0 otherwise

refri_num The number of refrigerators owned by
the households

The range of value is 0 to n, meaning:
0(the household has no refrigerator); 1(the household

has one refrigerators); n(the household has
n refrigerators)

struct The structure of the household The range of value is 1 to n, meaning:
1(the household includes one generation);
2(the household includes two generations);

n(the household includes n generations)

count_p Research regions
huiji Whether the survey region is Huiji 1 for Huiji, and 0 otherwise (reference group)
erqi Whether the survey region is Erqi 1 for Erqi, and 0 otherwise

jinshui Whether the survey region is Jinshui 1 for Jinshui, and 0 otherwise

The consumer perception positive index consists of 10 survey questions, as does the negative
index. Values assigned to each reply are in the number sequence from five to one, where five represents
strong agreement and one represents strong disagreement. The questions of the positive and negative
perception indexes are shown in Tables 3 and 4, respectively.

Table 3. Questions of the consumer perception positive index.

Questions Options (Values: 5/4/3/2/1)

The refrigerator is a good tool for storing food. Putting food
in the refrigerator can delay deterioration of the food Strongly agree Agree General Disagree Strongly disagree

I know exactly what food and ingredients are left at home Strongly agree Agree General Disagree Strongly disagree

I will consciously try to avoid leftovers when cooking Every time Often Not often Rarely Never

After you put the unfinished food in the refrigerator, you will
eat it again Every time Often Not often Rarely Never

Food waste means not only the waste of food itself, but also
waste of the inputs of water, land, and other resources needed
to produce the food

Strongly agree Agree General Disagree Strongly disagree

I would like to do less or eat monotonously in order to avoid
food waste Strongly agree Agree General Disagree Strongly disagree

I don’t think we should store too much food at home Strongly agree Agree General Disagree Strongly disagree

I can quickly master tips for handling and storing food Every time Often Not often Rarely Never

Food waste behavior is absolutely not allowed in my family Every time Often Not often Rarely Never

The ability of rational utilization of leftovers is insufficient,
and the leftovers should be minimized Every time Often Not often Rarely Never
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Table 4. Questions of the consumer perception negative index.

Questions Options (Values: 5/4/3/2/1)

You habitually throw away the skin or vegetable leaves of edible food Strongly agree Agree General Disagree Strongly disagree

I find it difficult to estimate the amount of food the whole family needs to eat
each week Strongly agree Agree General Disagree Strongly disagree

While shopping, I will buy some food that I didn’t intend to buy Every time Often Not often Rarely Never

If you encounter food you don’t like, you will throw it away Every time Often Not often Rarely Never

Sometimes even though I have prepared the ingredients, I will give up my
plan to cook because I am tired Every time Often Not often Rarely Never

Sometimes, even though I have prepared the ingredients, I will give up my
plan to cook if some other task comes up Every time Often Not often Rarely Never

I think that food waste is my own business and has nothing to do with others Strongly agree Agree General Disagree Strongly disagree

I like to cook more every time Every time Often Not often Rarely Never

As far as Chinese food culture and habits are concerned, it is recognized and
acceptable to have leftovers Every time Often Not often Rarely Never

Leftover food will produce nitrite over a certain period of time, which is not
conducive to human health Strongly agree Agree General Disagree Strongly disagree

4. Results

4.1. Data Description

The overall per capita per meal food waste in urban households is shown in Table 5. This study
divided food into eight categories: Staples, meat (including aquatic products), vegetables, soybeans
and their byproducts, eggs, dairy products, dried fruits/nuts, and fruit. The per capita per meal food
waste of urban households eating at home was 5.54 g, including per capita per meal waste of 1.04 g of
staple products, 0.83 g of meat (including aquatic products), 2.60 g of vegetables, 0.05 g of soybeans and
their byproducts, 0.13 g of eggs, 0.46 g of dairy products, 0.04 g of dried fruits/nuts, and 0.39 g of fruit.

Table 5. Food waste per capita per meal in urban households.

Variable Mean Std. Dev. Min Max Percentage

staple 1.038 5.052 0.000 71.688 18.75%
meat 0.832 3.978 0.000 51.014 15.02%

vegetables 2.600 8.163 0.000 73.872 46.97%
soybeans 0.048 0.243 0.000 2.381 0.87%

eggs 0.129 0.808 0.000 7.154 2.33%
dairy products 0.462 5.488 0.000 75.000 8.35%

dried fruits/nuts 0.035 0.446 0.000 7.125 0.63%
fruit 0.392 4.271 0.000 64.167 7.07%

Notes: The meat in the table included aquatic products. The soybeans in the table included soybeans and
their byproducts.

The percentage of vegetables waste per capita per meal in urban households was as high as 46.97%,
while the percentage of staple waste per capita per meal in urban households was 18.75%. Further,
the percentage of meat (including aquatic products) waste was 15.02%, that of dairy products was
8.35%, and that of fruits was 7.07%. The percentages of eggs, soybeans and their byproducts, and dried
fruits/nuts waste per capita per meal in urban households accounted for a relatively small proportion.

4.2. Descriptive Statistics

The descriptive statistics of the main variables are shown in Table 6. The amount of food waste
per capita per meal of urban households eating at home in China was 5.54 g. The minimum value
of the consumer perception positive index of urban households was 24 and the maximum was 49;
the minimum value of the consumer perception negative index of urban households was 16 and the
maximum was 45. The sample size was 273.
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Table 6. Descriptive statistics.

Variable Name Mean Std. Dev. Min Max

pw 5.536 16.132 0 155.788
positive index 38.659 4.310 24 49
negative index 28.799 5.422 16 45

gender 0.212 0.410 0 1
age 50.637 14.439 20 80

marriage
unmarried 0.029 0.169 0 1

married 0.901 0.299 0 1
divorce 0.015 0.120 0 1

widowed 0.055 0.228 0 1
edu 4.223 1.149 1 7

farmer 0.484 0.501 0 1
employ

full-time job 0.355 0.479 0 1
part-time job 0.029 0.169 0 1
unemployed 0.033 0.179 0 1

retirement 0.407 0.492 0 1
housework 0.117 0.322 0 1

odd jobs 0.018 0.134 0 1
other 0.040 0.197 0 1

pincomem 2.194 0.897 1 6
animal 0.114 0.318 0 1
cooker 0.788 0.410 0 1
info_fre 2.542 1.124 1 5

refri_num 1.121 0.388 0 3
struct 2.033 0.655 1 3

count_p
huiji 0.121 0.327 0 1
erqi 0.330 0.471 0 1

jinshui 0.549 0.498 0 1

There were a few interesting findings. The mean value of gender was 0.21, indicating that more
women participated in the survey. The average age of the respondents in the questionnaire was 50.64.
During the survey process, the research team found that the age of urban household residents who
cook and eat at home was on the high side, since an increasing number of young people prefer to eat
out or order takeout. The data showed that 48.4% of the respondents had farming experience.

4.3. Empirical Results

There were 273 urban households surveyed in this study, of which 83 households’ food waste
amount was not zero. The empirical results of Tobit model are presented in Table 7. The results show
that urban household consumer perception had a significant effect on food waste behavior. The higher
urban household consumer perception positive index, the smaller the amount of food waste per capita
per meal, and the higher urban household consumer perception negative index, the greater the amount
of food waste per capita per meal.
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Table 7. Empirical analysis results of the Tobit model.

Variable Name Coef. Std.
Err. t dy/dx

positive index −1.675 *** 0.622 −2.69 −0.443
negative index 1.266 ** 0.520 2.43 0.335

gender −5.063 6.764 −0.750 −1.338
age −0.006 0.306 −0.020 −0.001

marriage
married −11.846 14.728 −0.800 −3.948
divorce −4.646 23.923 −0.190 −1.740

widowed −26.114 20.920 −1.250 −6.818
edu 0.120 2.783 0.040 0.032

farmer 8.741 5.498 1.590 2.310
employ

full-time job 0.799 9.315 0.090 0.196
part-time job −7.563 17.671 −0.430 −1.560
unemployed 1.029 16.087 0.060 0.253

retirement 3.091 10.186 0.300 0.793
housework 33.049 * 17.756 1.860 14.236

odd jobs 8.293 13.844 0.600 2.357
other 0.755 2.934 0.260 0.200

animal −17.002 * 9.406 −1.810 −4.493
cooker −5.964 6.552 −0.910 −1.576
info_fre 0.082 2.303 0.040 0.022

refri_num 0.003 6.787 0.000 0.001
struct −6.683 4.249 −1.570 −1.766

count_p
erqi 10.527 9.175 1.150 3.179

jinshui −3.052 8.838 −0.350 −0.706
_cons 31.348 43.774 0.720

Note: ***, ** and * denote statistical significance at the 1%, 5% and 10% levels, respectively.

Food waste behavior of urban households was not only affected by consumer perception, but also
by other factors. For instance, food waste behavior in urban households was also affected by the
employment status of the respondents. The food waste per capita per meal of an urban household
with a full-time employment status was 8.35 g. For a household with part-time employment status,
the waste was 6.15 g, and for unemployed households, food waste was 5.10 g. Retired households
wasted 3.10 g of food, while homemaker households wasted 3.41 g, and those performing odd jobs
wasted 6.07 g. Urban households’ food waste with an employment status of other was 1.88 g. Further,
the food waste of urban households with pets was significantly lower than those without pets.

To test the robustness of the results, this study used the food waste frequency of urban households
eating at home instead of the amount of food waste per capita per meal as the dependent variable.
Since the frequency of food waste eating at home for urban households was an integer value that is not
less than 0, a counting model was used for estimation. The empirical results of the counting model are
shown in Table 8, highlighting that consumer perception still had a significant effect on food waste
behavior in urban households. Therefore, the original conclusions were deemed robust.
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Table 8. Empirical analysis results of the counting model.

Variable Name Coef. Std. Err. t dy/dx

positive index −0.042 ** 0.021 −1.99 −0.022
negative index 0.069 *** 0.018 3.78 0.036

gender −0.281 0.219 −1.28 −0.147
age −0.005 0.011 −0.44 −0.002

marriage
married 0.731 0.744 0.98 0.277
divorce 1.776 ** 0.878 2.02 1.265

widowed −0.502 1.050 −0.48 −0.102
edu −0.050 0.103 −0.49 −0.026

farmer 0.746 *** 0.208 3.59 0.391
employ

full-time job −0.344 0.348 −0.99 −0.133
part-time job 0.649 0.459 1.41 0.419
unemployed 0.456 0.497 0.92 0.265

retirement 0.292 0.375 0.78 0.156
housework 1.790 *** 0.457 3.92 2.291

odd jobs 0.354 0.442 0.8 0.195
other 0.232 ** 0.093 2.51 0.122

animal −0.639 * 0.371 −1.72 −0.335
cooker −0.542 ** 0.222 −2.44 −0.284
info_fre 0.043 0.083 0.52 0.023

refri_num −0.148 0.222 −0.67 −0.077
struct −0.093 0.149 −0.62 −0.049

count_p
erqi 0.776 ** 0.371 2.09 0.364

jinshui 0.408 0.367 1.11 0.156
_cons −2.215 1.626 −1.36

Note: ***, ** and * denote statistical significance at the 1%, 5% and 10% levels, respectively.

5. Discussion

The amount of food waste per capita per meal of urban households eating at home is 5.54 g,
which is lower than that found in middle schools’ [34], university schools’ [35], and restaurants’ food
waste in China [36]. This discrepancy may be attributable to the change in dining environment or place.
What we study is eating at home, while eating in schools and restaurants is categorized as dining out.
When eating at home or dining out, people may be in different psychological states, which results in
different food waste behaviors. In the process of dining out, consumers may also be unfamiliar with
the dining environment. They may not fully anticipate the served quantities of the ordered dishes and
may be unaware of the quality of the food, resulting in asymmetric information and more food waste.
In the process of eating at home, due to a thorough understanding of the taste and amount of meals
eaten by family members, households can avoid food waste in this respect.

In our study, we find several interesting points that deserve our attention. First, in the face-to-face
interviews conducted with household members, we find that consumer perception related to food
waste varies from person to person and different households have different food waste behaviors.
Second, due to the lack of relevant food storage knowledge, urban households sometimes have poor
food preservation methods, resulting in unnecessary food waste. Third, when urban households have
guests, they tend to prepare more food than necessary to entertain the guests in the name of hospitality
and “face culture” in China, especially as it is more difficult to grasp the tastes and meals of visitors,
which results in greater food waste. Fourth, most urban household residents report one major cause for
food waste as the leftovers being too less to be stored and eaten at a later time. Finally, some household
members are unable to reuse leftovers effectively and some foods are less likely to be reused even
when stored.



Sustainability 2020, 12, 5676 12 of 14

The findings of the study provide useful suggestions for reducing household food waste. It is
found that when consumers are conscious of reducing food waste, they will do their best to reduce
food waste. In other words, individuals who have a higher intention to reduce food waste have lower
levels of food waste, which is consistent with previous literature [37]. There are many factors that affect
consumers’ food waste behavior. In order to reduce food waste, we need to intervene in these factors
to encourage people to reduce food waste. Among these measures to reduce food waste, we think it is
an easy and low-cost way to interfere with consumer perception. Improving consumers’ perception
of the importance of reducing food waste, such as through media promotion or through organizing
events will contribute to the sustainability of food system.

The food waste behavior of urban households eating at home may be influenced by other
information and factors, such as the psychological state of households when eating, which requires
further analysis. In the future, additional and in-depth research is necessary to identify consumer
food waste behavior. Further urban-level research and a larger sample group are needed. This study
uses primary food waste survey data on households eating at home in Zhengzhou, and obtaining
additional research data from other cities is imperative.

There is a growing body literature on food waste. However, most existing studies are mainly
focused on descriptive statistical analysis, while fewer empirical models are used for analysis. Most
studies also relied on the secondary data, while a handful of studies are based on first-hand data that are
obtained mainly by using self-reporting method. We believe that the amount of food waste calculated
by this method appears to be overestimate or underestimate. In our analysis, we quantified food waste
by weighing method and converted the wasted food into raw food materials, which provides a high
resolution of insights on a specific food category. The food waste data are estimated more accurately
by weighing method.

6. Conclusions

The results show that consumer perception affects urban household food waste behavior
significantly and also demonstrate the relevance of the theoretical framework. The food waste
behaviors of urban households are not only affected by consumer perception, but also by other factors
such as the employment status of respondents. Further, the food waste behaviors of urban households
who have pets are significantly different from food waste behaviors of urban household with no pets.
Food waste of urban households with no pets is lower than urban households who have pets. To test
the robustness of the results, we substituted the average amount of food waste per capita per meal
with the frequency of food waste eating at home in urban households. Counting model regression
results show that consumer perception still has a significant impact on food waste behaviors in urban
households. Therefore, the original conclusions are robust.

In addition, paying attention to the effect of consumer perception on household food waste
behavior is important for exploring possible measures to reduce food waste. Our results confirm the
effect of consumer perception on household food waste behavior. When proposing reduction measures
of food waste, the results should be taken into account in order to reduce food waste at the individual
consumer’s level. Therefore, it needs the participation and actions of consumers to reduce food waste.
In other words, to reduce food waste at the consumer segment, we need to encourage consumers to
form a joint effort to change consumer perception about food waste.
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